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STUDY OF' PARAMETERS A"' !'£CTlNG THERMAL 
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I. INTRODUCTION 
o.y,ns;' .. ,4<1, '-' ., IbemIIl ..... g)' 

oppl'a.lions. I"""trial Ipphall;'>lq ro. 
dtJilil incl...:le 1110 ~ or ~r. 
l""lilet, foal ,nd",""" or-.! .~i." I I"ral 
pro<h ... • <bema! produc:u. buildina _ 

iI<>:<pI«lO<lobc:r 18. lOO6 

_.,...,1100 , ... ,« .. 1,. 0Ild ""'"~ Qtbero.. 
Tho ...... "')'in, .. ,ho ICmOY1II of. IIIfIIId 
from, 'n . ' ... .:.1 'hrooJ,h Ii....,.. lr<aU!ocnt. 
llKnnal dryin, po ............. ....u , IaI of 
.r>e,U for ••• poraw" ,ho moi., . ",. The 
l .. do';o""'lr dry;", mcdi..., i. lito I>ot lif. 
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Tho main """""Ii", ~'''. for tho 
dIyi", ~ .... Iht ............... ond 
prao<n of """ dryin8 tnedi-. IIIc tllp 
~" .trod <he bom..tilJ ir oIr _ • 
dtyioc ............ 
~a] ond "",,""me ... ' volWiatiool 

rot df)-i .. ,tuo ... ICri .... • .r ...... _ 
.. ,.died loy Karl .. 0Ad H • ...ta:kI (lOO5). Tho 
noodd ; ' ........ ...n~ of boIIo 
"'"""'" oood <quipme"', b ..... of 
pt<t.\t<Ii .. dynam" bo""vio< of ,hi dry« 
Tho ,,.,«001 """'1 i. upobk of predia ... 

.... -~-­_~ ........ , 1 ,iaL ,0,'00, <he 

....,. _ "" J",d 10 ""."j~ , ..... rrecl 
of dirr ... ", open,j., v..;. i>l<o 011 dtyl", 
1',,"riiaI..-J drJirtc '1IIIe. 

~,,.. ..... 1 .-J"" of IIJ&II qoooIi'J 
pa1II ~ is "'-,,,,cd ~ Mitilori tI 01. 
(200'). n. ...... ond "'* 0l0h0nat be,_ pIStIl ........ ...t air _ OK J I I 

>ea>nIint 10 ......... ~. I HI 4"'.', 
oppliotioo IIaI\ow <)'II .1 , "- pIStIl. 

" ",,,",,,,,QI .;, " .. .,., or OI)01VO<O;"" 

food boooh dr"., wi'" .. ~ or pi .. 
flo", ond """"pI«< mo,,,, of oir _ ...... 
loy 11a" .. lao .. II. (2CI05). .",.,. ..... 
.... ,_b1 __ r..lOoi" 
prod"" ODd itmt'_ """"" "itll _,et 
'oa, ,<Ijo, .... {O <q<titibr;, .••. AlIo!ho....-, 
i.!: hl_.it ....... ''': ...... , .. ..,. 
, d . & . • , .. . ~ .. .... ..... .- or, ,.,a· 
I;..a.aviof. 

Sabol" and 6<1a>io<1o (20001) lIodied 
"' ',i,a]iJ ODd "1 i"''''iIJ .... 
"""'"""" of '*7inI _ .. Kia' it 00 .... 

...,... jNibw._ of lip. Tho """"'- of 
drJiaI_ ............. "' "" ..... or,,· ,\ 
CO""" at ib< lOr ",Iod!y irt """ ... "-
OJ to 1 ..... lOr qs _ ",",,,,, " ... of 
1·1 .... ..,.. tie • l' i~ boo III .... 
II"'r-to/J _io!Kol IotIoIe. on IocMINi 
dr}'Cf r", JIri<uI'"'" ptOd!.oI: 's, "vitti ib< 
bnI eosoJ.rr-.oi<o>c) perl"cnnaa<C for "" 
dryin&atfip. 

_ e\ II. 000l) ..,."...t Ihoc, \be 
~.... $ ....... IrI<l initio! _trial 
moist"'" <01"" of ,10, oIob ........w 
.,a.....:.. tIIo dIP4 ........ ODd "-' 
I",pu'a Eff<ai.,. 6:ft'a"A' _1IiDOnI, 

_ ODd ..... lrOIl>r.. "",,1t;";"1> ..... 

,...... , t ':,vi'J. "", """ ...... ~ .. 'I .. , 
........... of 'htr> d'J pilI< (dr)oina 
...hjNi ...... ...-.d ini ,'" nIOi".r< ""'\<til). 

Pmn ., II (2001) 1IUd;"; 1Moi, ot .. .,. 
..... • ..,..tmutl.ll!y ,Toe *1inI of • $ .,.1 
bed. Vw"" .... <>0"'" boIh oiaIJ< 
:-tid< ond ".ded bod -.......1> roo 
lito ~ or WOOd _ corritd N . Tho 
..... 10. ""'_ ,hi, • pooti<lo ~ 
owoocto I, ....... "*'<d ..... , . .. 
n><doIroi< $I '*" 10·1 . ib< po<hd bed 

Silnol ,I 01. (I*") "uditod _owl, 
on<! ....... iu ''''y u.. _ OIl! _ 

......... ~ ... aio ~ of 1"""0 
<Ub:a. Tho ....... boo>ndory probIo., ,.. 
..,I¥cd loy on ""plioc~ flnil< Mreu:r><e 
"",tOld ~ .. pui,,='" _ 01 .. 
.. pori ......... ,iM _ .. 9O"C. 

.....- llQd Fobr (1m) "odied 
__ . I'Y, slow dr)'i1oa 1"_ for oio/lo," 
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though .... -ct porous medium, which simuhuc 
thick IO)'Cr! of granular products. The 
obt3Ulcd model [ClIds to VI eurnin"tion of 
the val idit), of preccdmi simplified models 
and lhe more general solution of eontmuOia 
dfying. 

Renken and PoulilukO! (1987) studied 
CXpc1',menl6l1y and t~lially forted 
convectton heat lRnSrer In a PKked bed of 
spheres. '" parallcl plate choonc:l 
configufttiol! with walls outnUIJned at 
aMlSllInt temperature WIt cmployed. lloeu 
results document the depuodence of the 
tempcratUJe field 11$ wcll 113 the heat nux 
rrom the wall on the problem par.mcttf1 in 
the thermally dcYclopin& rCglon. ' n lt 

Nusselt nunlber measuremen tS showed ~ 
signi licnnt intmlX In the locol llCQt I r~115fer 

lit !he c.MMcl wall re lative to Ihlll in 
d mie31 nuids. 

Dulla ct:ol. (1987) studied theoretlcAlI), 
and experimcntall), lhe dryilli! bthllvior of 
spheric:al gnuns 1bc drying characteristic of 
the vain arc slmllllr to thox of other IInlin! 
belongine: to the s:une categol"! in lhe falhns 
nlte ~riOl.t 

In Ih is work, the study is dor.e to 
,"~C5lipte me effect of Ihe olTeaillj 
panunelers on the drying process II)(;h as alr 
Oow I1'Ile, air IAlet temperatures, bed depth 
and ball potosi!),. 

2, [,XPERJME"',.AL APPRATUS 
The Cltperimenlal appc!.nItus i5 (\(.s igned 

IIIId co~tnM:tod 10 lIud)' paro.rnctcrs 
. ffeding the dlyicl: proeas for weI porous 
medium. FiI/.IKe: (1.1) she .... ·s • SChc:mll ic 
dllgl"lln for the: expenmc.ntal 'IIPSratlis. It 
tonsists mIIinl )' of vcrtlCal t ll't:ulur duet 
whu:h c:.onYinod I lf blower (I > clccuic 
healer (3), cntrance section (.5) Ind Ihe leSI 
9CCtion (8). At the inlet section bcrOle the Air 
blower, • throttle plale iAte (2) i. nxc:d .nd 
used 10 control lhe ' Irl1ow fl te through the 
les1ed bed and to obtlun the <k~ i rcd value of 
att mean velOCIt)' . n ,e ai r blower druWli ai r 
from lhe surroundIng! ond pa.ues il over two 
elet:trie heaters (), ellCh one having I 5 kW 
m ed powet" The Input power supplied to the 
elect ric;; hutel"$ is comrolled hy lIsing v31iac 

(12). to select Inc required Input po .. w 
Iccurately. Air IS healed 10 the desired 
condmon, ;md then il nowl through the .... 'Ct 
p0t005 bed inside the vertical duct.. A 

Oeltlble connection (4) belWttn dx air 
blower and the vert iCi l duet 15 used to damp 
any vibTat ion auociated Wi th lite airflow. To 
inSWt that Ihe full), developed condiIJ.OlI rs 
reached for the no .. ing of hot. air I I inlet to 
the lest section, air i5 pas$Cd t!\roUgh the: 
en\rllna: se«iOll ( lin lona). The mam delail, 
or the lest .seetion Ill: iJlustrlttd in f ia (I .b}. 

The lest Sc:t:tiOIl i5 of lOS mrn In diamc:tel 
3nd 210 mill in length Tlus length ClUJ be 
v;uic:d along the experimenU up to S25 rom. 
The tested porous bed (\ 51 IS pat.ked Wllh I 
unironn 2Q mm in d'IllIlC!cr wet porous clay 
ba lls The to tal numbcr ofoolls WIIS 191! and 
the bed porosi t)' "volume of Ill r belween 
bolls to the tulal volume of bed" is nbout 
0.34 Two kinds of balls 11ft tt $led in Ihi5 
wort.: w,th Inlernal bill! porosi ty "void 
volume In exh ball 10 lhe toial volume of 
ex" ball" of 0 6 oud 07, I'C$pethvely Two 
sliIlIIltn steel SCret:tl 5 (13) are p1J)Ced ~I both 
ends of the IC$! ~d bed to hold lhe balls in its 
piau. Both portiOIl ' of the 'est sectIOn are to 
be ~movab le 30 lhat the test ~tfort IS 
pack~ eusi l)' inlO lIS pJace ll1c:rc forc thc 
.... 'e lghl of the tested bed can be mc.asorcd 
easily ~for<: lind a]\u eDeh npcrirncnt To 
nllnimiu. heat 1055 from the le5t Ketton, I 

50-mm Ihicltness of glass wool (14) is used 
to insulate the outt r sUlfllOCS of the Iesl 
section o.nd the remaining duct. 

3. EXP ERIME NTA L DATA 
The cxpuimentiJ l apparatUl IS proVIded 

with sensors to measure IemperllUl'CS, 
Telalwe hwnidity. air velocity and mass of 
evaporated walel through each experiment, 
For enth experiment, the upc:rimelllil 
epp.:lratuS is allowed 10 operate until study 
State condition IS rached when the 
fluct ua tion in outlet air tcmpcflllUre front 
electric nul t fS is about t o.1 °C. Once Ihe 
$}'Stcm ruched the: desircd ~Ic.dy slale 
condi tion, the: test section, which contains 
the wet porow; bed is placed in LIS location. 
At IhlS morllcnt lhe requi red mell5uremenl, 



an:.......... ...... ... _ ooIl<d<d 
Md 'W "10< _ MAlyoio. 

RoIoti .... Ioomidily (RH) 10 ~ II 
up._ ..... _ otlhe ~ , ... 
by ..... "'.. ret _ (lJ'PO T...., 
6OS-H1), ... raoI .... of 0.1" ond 
......., 0(,0%. Aloo. ...,. bulb .... de .. 
"..,. ............ ore m· , OIWCI • upstrun'l 
..... ~ . f Ib:: 1<01 _i00i by .... 
tM ..... _";,b .............. 01'0.1 'C 
rod lOt) of /oO.S t 

Air , I: 'Z/ "' OPAl'" of "'" ... ___ "'. ed""_ ......... 
.... ,""' ...... _ 1511'" T .... 6OS.v p). 
willi • .-...;"" of 0,0[ mit Md • on =~ 
of ~.os ..... n- the: ..... ~ ... of .. 
.. k>ciIy _ be o .... d : ' """ Ii .. 
, ••• ,.,.;. •• , _ .. di ___ no. -.. 
or do< -"" Iood io n od !lor- ond 
• 1'Io:t ..:II _if ..... by ..ma • digilal 
...... boJonct (II) wilh ... noilivi\)' of lll.l 
i ThcItfor.e, "'" _ nf \be .,_ t:1 
__ ........... bell eM bo ?h' '. 
",. '-- ';10_ .. r ....... 

- II ._ be • it t4 by -.n., 
.... iIIpoI .... ,.' ..... .......... Tho 1IIlnl"'''''' 
i r 5 f,,* _ rot .... 1'*3< and ,unmI ... 

~O.l V I<lIIJ:Q,OI A. «op«ti ... I,_ 

. . :
:::"': ... o f ... =~""-'" ... ",.roc. ' I lor !be 

of 1l1l<=I. Tho 

4. DArA REDUctION 
To ... b ,G !he ~oir<d ..... yoio b .... 

,*,'j -.I..pn-..a ......... oir 0IId _ 
....... Iboductio. , ..... __ 

AI. tow _ inl<t to the d"". can he 

-~ 
"* " _ '~ " , (I) 

..tim: A. • """ MId "_ ........ _iotI 
... of due, ( . , • ; ., ), oi, de .. ;" .. W ei 

10 Ihe .... ...:tion ..... '_ .. 01000&, of oil 
II Wot '" .... .... -.xw..~. Tloo 
" Q.vd . ~, ......... ","_ ,. ill 

_boo. cd by "''''''"'''''' of Ioo:al "'"Y 
..... tho ...... • .. " ...... oruof dloct. 

The """" fiow nto of WOk< ...... wbIdI 
• .. """,1«1 fi1>m lhc: _ potIIIII bat _ 1>0 
ool«llllod .., 

... , .. _(.:.- .. :) (2) 

Wh<o< .... 0IId ...... theh"m,d 'ly .. ioo 
of . " .. iI'IleI ON! ou, ... to 1M .... _, ..... 
I'CIpC<ti,'C/y (010'" .i, I"opu .... ." ~ 
.. iftkI and ..-1<, of "'" .... ~ 
n.. <IrrinI po 0"" '< 7 • d "" "'" lit ""'*' 

....... 1ho __ boll, ;. • . c. e xtduo 
of _ &om ...... of bL'I> to ai, !\o,.. 
-.... tho bod dot '" _ 
dim", ,>t. Til< '0."«.",, ..... 1I*di'tt 
r""" oIr/Iow to 1*11 ....r- .... II ' [ 
io .... .,..... air' ......... AIoo ,.. <11 
_ WI 7 1-..1 Itjr __ itodf (whicIt 

r-..... ..- ""' ...... " .. ) .. ,..h "'" 
_.., 1<mp<nI .... The _vrttI", ~ 
tranS"" (Q-.) ......... ~ _ trand'u 
(Q..l .... ool<ulor<d .; 

Q .. -;"c..(r.,.-T ... _ ) (J) 

Q_ •• ~ -c.,fr .... -r..J (4) 

w-.... Ill ... .,.. .... Cp,., Cp., T_ 
T_T .. ~th< .. ; . .... -.zbo ....... "'* of ,,; · [00_. Ibr .110 ..... ... 
opoeik_ .. .. II_I" ... air • • 
~i"'_ " =M." I" ... for_ 
,.....,. .... inIc1 oil dry bulb ..... ~ 1he 
out.Ieo oi[ dry bulb .... pmtIII.Ite. """ ........ 
__ 1M ....... ___ 1 I t:,q,.. 

n.: j 'ty or ... _· • _ 
__ in .... inIoz air to Ibr .... _;00 .. Ihe 

~ bull> "' ........... b de"" ... "", from: 
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' .. ,, ' ~ ~' , , .... '" 
~ R. ond T ..... II< '"' eons.... fOf 
_ .opor 0"" dry l>ulb ',mpen,ur< fOf 
............ 1<0, oedion re>pc:OIivtly. 
Do ..... ""pO< pmoun: P. in ,he i,,'., ,iT 
10 doo ... -"ion ""'" cale. loted from; 

, , ' .. l:i'~":·L • Un . .... ,0> 

...... ~ ... io"" MI .. 'p·-rit"....u~ 

........ oil 1 ' arlo« i .... t.:. ..... olr I. 
__ -ilk _ oopor Tho dmoi.,. of 
... __ -.. ""I"" 01 ioi1Llll ... "" or 
bod_

5 o.mponnn .. -.....r""". 
'. -.,_, " . 'I, , 

, -' 
Wba<P.io ............ «Ip " .. rOl ....... 
"""" "''''SPOO"" 10 .... in,lio! ",I .. of 
bed surflCt """PUll,," II tb: IM:iIPIC or 
"" ""I"'nn<nt ond T ...... ,he _, .. "'PO< 
'ornl'''''''''' -....bId! ..,.... 10 ,110< bod 
__ < .. inldoo 1h< .,."."." ... 

TIl< im! .. noncow ...J_ of _~ .. 
1><11, ..."f., ,,,.If"';"'t (t.... ~ •• opomi .. 
OUt ... ,fe, ooemo ... , (11,. ) ..... ...... 
t_f.,. ,.,.fflt"' .. ~ '"" be der...., .. . 

, _ " Q. (I) ".(1' ..... , T_, ) 

(0) 

.. .. .. 
.. ".!I •. _,"" .. I ( (0) 

Wba< A, ilsurlou .... oftto< b«j .. h .... i. 
d<r ........ 

J .... 
' ,' , (l I) 

\IIlIIm:, .. "..-do ... of boll ..... v_ ...... 
o:l , .. or "'": ... .,lid _enol ,.hM:h ... 
kd<f_oo; 

v_. 7.'\,(1 5 .... ' (12) 

.,.,.,... d, L...s .. lin: .... bed "'_. 
bod dopIIo...s bod _'1 ........ 'i ... I" 

AI _d.,.." ...... 1 ""h ... of -..II 
""",bo, (t-oood "" __ ....,. ond 
,vopo<ol"", ... 1,) ond SI>< .... oud .bo, _ 
cal<ul.",d .. . 

~ ._ . .... ,. & ... ~. ' e, " (Il) 

" L .'-.- (It) 

w ..... ~ on<IO ... ,"'""", 'oM"""'" of 
,", ond diITu,ion .""IT ..... , or _ ,or._ 
i •• 11 ... ~tI< dry blJlb t<ml""'lUr<, 
_1I",ly. 
",....'" Nu ... I! ..... SOerwood numb<n..., 
d<r.n«J ... , 

- ' I ... ,. :; "'- " , 

, 
- 'I ... - .... , . 

5, R.,,,I,,.ad Oi""" .. ;"" 

(I S) 

(16) 

('n 

Tho eIT ... of _ ..... , ........ mat:> flu 
of i .... hoi oor, b<d <I<fIlh 0tId ball ...-I" 
011 .... dr)'LlO,l poo<as ... _J'l'od 
... ".. ........ 11" S.ilObk oooI)oos fi>< .... 
"p'nrn..~ .. 1 «1<1' <11_' lad 10 oIocoio 
,he he .. ond mo<s """"fer ~,,'--.. 
c ... !Cq....,~y, tI .... I' ..... SIX! '00" 
,.,."bon or< obt.oil><d 

Fll!"'C (2) Ihows ,he 'lIio,,,,, of Iho 
~ i .. " "" ........ I"", of , ... ""tie! llir 
tempe''''-''''' with mpe<:t 10 "",., for cef\Oln 
, ..... of m.., no, 0' ai, (G-l t.&/m'.J) 
\~ .... ',n, bod ( .. . 0.6) at dilTettm 
;,,1eI ... tempera,ura. II is ,~ f""" "" 
n,ure !toot. ou~ .. oi, '<m~rI!'" !nclUl<> 
With tim. ond relIC ..... n .,rnplOlie , .... 
.1Ier .. <erll. Ln~.,.., Th" , . 1 .. for"'" 0lIl1" 
.~ tanp<n<O<C .. "'" !lIoo "'" inl« oir 
............ by , few d<_, in <oeb .... , 
...... peded, ... ", .. l., inlel .. , 'mp'rot"'" 
led 10 _ ..... , ... _ oir tanper .. "", ,n • 
shon Ii,..., 
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The <f!<,oo 0( lIIIeI bot • 10 ................. 

"",I" ~ty rotio for oi, is .. • iIo 
"' .. (1), foe -.In oi,_ n.... ......... 11>0 
r ... bed. , is ......... Iloo _ air 

-.d"1 ..... ~ • " '; from "'" 
...... __ ,,, oto. _I......, ...... in .... 
r. ... r"", m,,,,,\o:S , ... 18do .. peri ....... Al oto. 
tqmiOi .r lhe .. ..,nmcol. lile "",1tI 
t..rf >dil1 "";0 """'_ wilfl UK" I iftIoI 
air lrmptnl_ For 101 ..... ".ha "r llllel oi, 
.,.,. , ....... bunlldio, .. ".=::~ will> limo _ .. i...!1y ..... , ~ !"n' • 
"""'" ..- , flo< wbicIo ...... is , -r 
...... dn: ill 0YIleI ......... 1 ";G 
110m. .... _...., .... -.. • oon"." 
""' ... whicIo --,",""I, ~...... '" tho 
ini".1 .. I ... n.ae6J<c, u.. drying t,me 
(whdo is def,,,,rl ...... fUIII1rod UM< for 

,~ .... diy''''' ho obIaiIIed. Alto" II cIar 
lIIM, u.. dt)iooc """ I, wiIb 
I"" . ...... .. ............... 

1100 ~ _ for _ .. ,,_ 

b _ b<J II> .... """""" air c.. ... ) is 
........ rm. -'""" (2) ..... pIon«l 
........ ~"" of"'" .. peri_ lOr diffmnt 
_ oir _~ ...... "'" in Pi .. 
(4.0). It 10 ..... ' • ..,. from .... r. ........... .. 
rho qnnina of Iho ..,..un...: .... 
.... --"'" _ ; = bi"", >aI_ """ 

, ....... _ . .. A ..... kls 
,0( . j .... ror hip.. ..... or;..r., air 
, : " .. au ........... 1IIioa _ from .... 
_ bod de drornoti<tJly with , ..... 
8ol, ror _ _ of w.. 01, 

~ .. t!>< bq;jnniIc 0' "'" 
".....h""~, .... doctuo< In ,., ..... Mlo<o _ 
.." ....w~ whldo .... 1""""( II> .. , , 

.:.y; .. palo<l. Thm. wiIIo 100 d"l Iht. 

......... ~ limo "'" ........ paIocI _ 
obi f I Fipoo (4.b) ............ '''-'Ii", 
of .... ''4 ,,,."' _ lOr ___ 
.... ... ror di/J..- ""'- of _ 
Iho<oo of oir ......... air _..,...... of 
T .... - 40 'C. " i> .... ;...1 "-t ... '''" 
I;oq .. or ...... ptf"''''", ........... "'..., 
rat< Iroaeueo .. oj, .... n .. "'" "W 

Tho dill".....,. bot_ -'&\II 0'Il00_ 
I"'<"'" bod ....... dry .."".. bod io kaowD 
.. i>< i.ooIItI __ 0' woo ..... his ill Ih: 

bo:I '" "'" to:aimiIoI 01" _ ..... . • .. 
F_ obo ... pail..... _ for 

... i ....... and ....... M:;ty ..,;. .............. 
of _ to 4 noted "' ..,. time olona I ... 
npai_ b """'i....:l. ",.",ror.. """joun 
_ Is okIiO«l .. It>o raJlo bd-.. .... 
raoWd ... _III of _ io .... bo:I (ft 
di ........ bd_ do< ..... Tn: 1M 0( 
_ .. iooio' ... bed ..... li ' sol 
ndo .. """"",,, ond .... " 1 of _ 
"Ip)' ",eo! ... ""'"'" limo) to "'" ;,,;,;.; 
.. To( ..... WOIsi .... b:oI ...... 

be" '. of I8do "peri"""" Tho 
poioer": of moiJOlft <0<""" _ w... 
fo< dlffcrrn< ink! oil ~ Ii 
iU....-cxI In Fi .. (J~ Tho .,.... zl- Is 
kmwn .. zho~""'Io.': ...... 
iniIioI ...... ", .. "'" bed. no;, .... 
coo iIo< ...,. ... . ··i _ f1t. (5) " ..., 
" ...... " hili and iT ;,. <'- N ..... .,..,.t .... \000 .:I .. ,,., in ....... 
I ... In ... .it "'''pac .... k ... " T , fo" 
ccnaiB .01 ... 0' Wet air muo no.. A .... 
....... i ... ,be oi, ,nlet _i ..... f_ 
lO'<: I. 60 'I: k>d 50 _ Fha IIr)'iIc 
Ii,," r""" 420 ..... '" ISO"';" ,. 4 ,."",. 

F_ (6) """- "'" c/&ct of ... _ 
_ n ...... rho "'J ....... '" _ 
...... of ,ni.. oit IU'; "... ;'" 
. ' .cd otoIT. *Yin& time .... " T .. air 
.... n.. and fit inkI oir ... opt< ..... 
".. ... Tho,d ........... ' dIyizoa con to: 
."'" .... d in I""u time .. oir '-' n ... MId 
i n~' 01, "'"IOU''''' ... ~ The w...­
"fLnk' .i, ".,... a"" tfoe,l II> 4 ~' ..., 
to ..... reut of ,ho dryW: __ ISO 
""".., 12 "",,",60'1: air lIIIeI, L' _ .. 
B<I """ """'""'" ... .:r,in& lime 10 I'rom <120 
10 iOO oolo.li, in ..... ' .... _.of;MI"C. 

1100 ....... >aI_ fi>r «10".<'; .. .. ~ 
"_,,, .. "" .. """f" _me;."" .." 
oakuI_ MIl pI ... tW 00Pi"" , ,, ",.,. n .. 
" ~irrc..n, TnIoI air "",......~ .. "-" 
InF'I.('I).""~Is"i <I«IdIe ... 2 ..... 
""",r .. oooffocia>lo 1_..... ..... I • 
oi. """" " .. for I .. ""'" ..... of Iokt ... 
_pa",on, A .... loa ' . iaIcI li, 
_.... '''''' _ .. _It in "'" 

.c:ai>e ........... "'i .. heM irIItISfu 
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In b.Im the '''"'laic y,lues for NIIISC'!I 
nllmbc"T bIoso:d on Gonvtction only and 
e'Yapo!1Iti(lll only 1ft plO1ted in Fli-(8) 
.p.i~ 'nl.1 air mus nux. A~ it is expeclcd. 
NIUICII III,IIllbl'r behaYe$ tnc same ~od as 
heat tJllllfn GO'-mcicn~ 

SherwoOd n"""ber (Sh) 1$ ploued a~INI .i. mu, til/X II difkn:nl inlel Bir 
Itmpcrttun:s. as shown in Fill- (9). II i. 
obsenoed th.l Shc ..... QOd runbe. ,",crenet as 
• i, mau 'Il,,~ wei inlet I lf temper.lure 
Inet'USII. This i~IM in SI! "',I ~ Ih. ai r 
m&8S Il,,~ is explX'lcd fo. 1M same inlet , ;. 
10mpcnlun:. BUI. for the same .i. miUS lIu~. 
il"l<:leuing inlel a,r It lnpe.arun: ea~~ a 
~ In waler vapor COll«llUlltion .1 lhe 
ben ,u,ftce ,,!dlh;s legdl 10 an j!lCfoase ;n 
SII. The Inll>.irnum eohul"lC:emefll In 1M 
a~enll" Stlcrwood nllrnw "aboul 340% as 
;nld Ii, nlll$J nu.. IIIC!C.OISeS f.om I 10 4 
k&lnl .• II 6O"C Inlet .i. l.mP"'lu~. but 
thi, ellhlinoc:menl ;5 31(1% at JO"c air Inkl 
lenlpu.lllu~ Abo. lr.cleUlng lhe air Inlel 
temperalun: Il'um 3o-t: 10 60 "c led 10 an 
'nanK In (he , YCTllp: SMrwood num~ by 
.bout )OOY. I I illiet air ll\UI 11"" of 4 
k&fml.s and 200% whw I!~ in let ~ .. mus 
nu~ is I k&lm' •. 

Oed <kplh CIn be n:ducl:d [rom the 'rut .. l 
wll~ up 10 • ,,,,,,Hor Yal~ 10 study lhe 
etTca of bed &pth on lhe dr}'lllil poootSS 
Millin: (10) shows Ihe dkc' of bed deplh on 
the ._,~ .... lues of r'nI$' InMfh 
coefflcjrtll. convcClove and .""JIIlfllll~C heal 
IrIrIiIfer c:oeifocieou of fill mutI II"" of I 
19l'm' .. and Intel I lf IcmpmllUJ'e IIf lO"c. II 
Is cion tbat as bed rkpth illQURJ tK 
'~;e VlllICJ of mn. IIMSre<. rotl''CCi'vc 
ud eWllpOf1ll;W hailrao. fcr uwfT..:.enl • ..., 
~d So. i!oI: drYlna .ato i! dn:1UKd 

The: drect of Nil porosl ly on the 
e~ rate of",--. var!" is pIoucd (0' 
I i, masl lIu • • G~I ~JIm .s and inkl air 
IClTlpcnllllc.. T ....... 0 "C. as sho ..... in Fil­
(II) Ventnllly. I"'" cY;JpontlOJl n le 
i~ as bill poroSIty _~ due 10 
IIIe irICfCQc In 11M: void In!ide the b<tlls.ld 
III I .... tht in~ III I'" -..I. of intllJll 
.. "lIIcr conlcnl. 

The: P"""nr nprrimmlal moillvle 
OOI'lcnt i, collll)art.d ",iltt the previoWi 
aperiment;al ...-k. IS shown in fig. (12). 
The pn:VIOUS ll>eOrt'lkill and u pc rimcMal 
work ; for Sander (I II (1001). was dorIC for 
heal aod IM.s transfer models in con~ccl;on 
df)'lnt uf clay "",II&. This 511bs pul ;n 
c;'clIlII, tYlin<!r;co.l (jUoCt and hoi Ii, passes 
H"o~gh il with vcloeily 0041 mls.. The 
obc.'l\Cd c)fpcrimental mula and lhe 
previous work aave ,1M: .. me lrend • 

6. Conc:ius iolls 
SimY1Wl\'Ol,;i /tn.1 and mllSli IrlnIfCf for 

drying process of ai. nows tluough I wei 

porOUli bed is upcnmc.nully M leo1 O'Y"'K 
prooc~. un Ix oc/i;e..ed in 10_' rjlTle IS 
mass nll~ of air ;no;fUSU and or Inlel air 
l~flIpCfll1We Ine,("-"Q The e""llOntion 1'1111: 
is inc:rtMcd as lhe bal l pc!fosily ~ 
due to lile increase in 1M amount of Inllill 
Wile, COl1l cnJ The hcae In.nSf.r coeff>Gien1 
IIJId mass IRlnsf .. oocif><:iettC (or in tum 

NU$$ell IIld Shen>ood Dumbu) an: 
inen:flscd wIth Incrmsing inkl SIr 
Icm,,"~IIn:. 11Ii", IU' miI:SS II" • • and ball 
porosif:y; bui dem:as.ng wilh the ine~ of 
~d dcpih. Comp.vison between the obtI.inecI 
nperin!Ctllal =ul15 ~nd lbe prevIOUS werk 
pvc lbe _ trc/Id. 

J'fomud.llJr< 
A . A • . ~. m 

d ; Oed dllunetc • .m 
D · Oiffusioncoeff>cieDl.m' /s 
G M.as.sOu~ . kghnl..s 
b . Hal nansfcr codl'lCienl, WI(II'II. "C) 
h.. ; Ma» lranSr~r coefficient, mls 
k : Thermal condud,vi ly, W~m. "C) 
i : Enlh~lpy for IIf, Jlltg 
L . Bcd Ic~BII!. m 
m·.... Airflow fllle. klfs 
m .. EYllpor.loilon ",10. kgls 
Nu : t-C_1l num~r (N,,-hllkl. -
P /'tasoIrc. I'a 
p _ : '\l/TIOo;phe:nc pressun:, aim 
Q Rate of hcall .... "'f •• , v.-
I • S.U mill&. m 
R G8$ cOflSlInl.l'am1/(ki K) 
Sh • Shr:rwood numbu (Sh-tt., UD).· 
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T ; TempertllUre, "C 
I : Time, , 
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v ; VOJIIlIlC. m.1 
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t ; porosity.· 
~ ; DcnJity, kglO1J 
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I : Dryin& lime. s 
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.1, tem ~e'all'res. 
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Fig .(3) V. n,1Ion 01 ouUel I f' lemper' lUre ve f"lus ~me lor differen t in~ t 'If 
hlmper..tures 
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Bed No.1, "."'0.60 

" 
G= 1 kglm'.s 

0 • - T.~, .. '" 30 C 
" • ... • T .... .. '" 40 C 
• • 
~t 

8 '" T .. ",.= 50 C • .. To~ ... " 60 C • -• < 
c 
0 
: 4 < 
0 , 
• > 

'" 
. ~~-L.~~~~~~~~ 

o 60 120 180 240 300 360 420 480 540 

Time, mm 
Fig (4 -a) Effecl of in let air temperatu re on the evapo ration rate (m .. ). 
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60 120 180 240 300 360 420 480 540 

Time, 111m 
Fig.{4-b) Elfecl of inlel ai r mass flux on Ihe evaporatfon fa le (""' .. I. 
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inlet niT temperatures. 
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Fig. (6) Drying lime versus in l~1 ai r mnss nux for d ifferen t inlet 

air t.cmperatures. 
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Fig.(7 ·b) Average evaporative lIeat transfer coe fficient Vilf$US Intel air man 
flu x lor difflt fan l y;ilu" ol lnlel a l. lempela lufl,!S 
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