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lemp<'OIure of ,he , ITe&m li"" " d ace i. 
~ tIPrt II>< al ..... llon poi~~ ,he .. the 

• ,eam contained in ''''' .ir u""" r~ 
cot>d<~n IA du, _ II>< 101.01 ... 11 
Mal fl"" ,,,,,I,,,,., Ihe componenl ,j"" 10 
,onveWon. ope'" <)[I oooIina the o·opo"',,' 
m,l<1," in the bou..!.ry laye,. >rod !he 
p/I"l.m>'itlo~ heol. spenl go ~.por 

cond<M&lion He., .nd mUJ """,fa 
j)tQCCIOOI lhrouil' . or·"",,,O! ;nl«fx es ,,, .. of 
I milO' 'mportanee in many < ... ire";", 
Ippiiu"on' 

Let CI.I (2006) ....... ied I ~ of 
experiment> ~ pe,fomrcd 10 '''''''''P'' 
Ibc loul """llran<f .. phenom<non inside. 
U'IIj,e in a ..,nux concJc: n .. 'oon m ..... 10 
IOIlII of 471 d.1.O (108 f<ll p.ul" lteom flo", 

colKitli""" ."" 369 fOi 5ICSm"'" flow 
.ondilions) lOr lit, 100.1 h'~1 lIu.k , 
coerrKtOMS wc'" obI.ined for .. oui~ inlel 
now ,"1<0 of >tUm and ." ........ , 
ounolph"", cordmOll$. Saud on lh.e 
., ..... - ILt upwm<nllli rnull.. • new 
,,,,,,,I.,ion """I icabl. to lhe ... nux 
«)nd,ftI,IUCIIO rno<k " ~Ioped "''''11th< 
d'uadllion facIO' 
Jemy li<dblom ond Bo Nonkll . (2006) 
lIuiJ;.d [1M: condcn.alion iniSitioo (0) 
..mob .. I combiru:d o)'llCllt fo, 
~I' I\I. I'"'' I n<! IITiilOlion By c~'l">rtl1inf. 
~''''JI'' in. fOl' Ulmpl<. sol., .. ill, and 

len, ... I~. humidif,w ." tr l n,p,," !he 
f"",, «1 '"po\lf inlO an undc:'8round pipe 
IJ7SI<m, fmll " .. Itt will ~'p'II'" Q lh.e .i. is COQkd by the lUQund By ,,,,nil 
doti"'8<- pipe. roc \IIOd<r"""nd .It 

tTm'llO<,.,icn. perfen>!io." i~ the lIil"" 

(nobl. the " "''',' 10 pn'I:O!o.., into til< IIOiI. 
R.vMic.r and Ollo<~. ('200S) "lkIied 

• 1........J'm.",ion. l, lI .. d~ SI.I. model of 
_v«tive nlm·", .. <ondemIIlion of • 
V"pOr and oond.n .. l>le ga. m i ~I"'" 

flowioa <IownYoVd inlide 0 ~ .. ical wbe. 
The mas. tn.""f", ., ''''' fil m and p' 
...... fx. i'l1Caled IS d iff", ;oor oonll'Olied 
proc .. ,. "The: non·oond.nable ./fOOl on 
lhe cond<"Ulia" il ta.ken ."(0 ":00"", 
IbroII", boundary II )'<r .",,1,..., cf'pa:ie$ 
toneenlrll;on . ,>11 .ncra~ oolano. 
NlomticaI prod,,'''olll ..... ~ obl.:olMd for 

In. conde",,';on heal trinsf., ~odr,{\enl 

of Iwb.rleool V'pO' nnw *I$O<;",led .... tII 
lami nar ,or\d<nM'C. Tbc m«l,.led .... ,,11 • 
..... ~ C<>mporro w,th 1M .~ ""n,,,e"'" ciaIa 
in Ih. hlor.uure «) .. ',.'" !he model. Non· 
'condtns.oble mel. f'&e lion aJ\d ~'PO' n",, · 
wnck_bl. m .. , .... "'1IIp<n1_ ..... '" 
pte"med in the form of ,od i.1 on<! . " . 1 
ptOfiln. 

Vold ok ov . , .1. (2004 ) "ud io:d the: 
n\afilcal ",lUi"", of ~.. .y>l<m of 
J ,cr.,.nto.1 en.tt:Y. di/fUSlon, .nd 
boundary-I.I),<, now "'Iuali<rn:s fot the 
"",,,, .. r .nd turbulen( 1'10_ of """,od air 
""," .",f_. Slu m ,oodr:n .. ",," shOWI 

!hI( U", _.mUm· and mlll<'·I ..... r .. 
p,o<:e.>c •• ,Id (he con"",,(,ve hc: Ol lra",fcr 
:are sim,l .. wrl~ .1I0Wl111« ro' the ,.. ..... 111 
,,,",,oliono fOf 1M Prandll .nd t.,,;, 
numbo.. ,n IRe r3fII!< of >lelDl 

concemn""",. in th. now COK CkC¢O.2 
Heal and m ... ,,,ruf., in h"",id ." wilh 
.ud! "Urn COIICU"aUOfIO obe~.th. "dry . 
wali" '.~ul.n"n TIlt 101.1 hea, I,..""f" 
ClIO the WlOIl cln be S!lb6lo,u""Uy "",~ur:s 
due 10 II .. p""'Hrlnsi'i<>.L1 1\"". w,'h 
incre".,"!> "",,~ ure col>knl, the 11<01' 

tnnsfcr ,nl'""'Ii.at"'" Ill'" II.., 
;nc...-s 

Thome d.1 (lOO)), $lI'd,r:d . ...... flow 
p~lIcm ""p Ind no", 1"'11"~ ba,..d n •• , 
I",.,kr .....del ro, ~ouoI,on ,!WOk 
bor,zontal pl~' " lubel . In ro" I •• IICw 
voonion of a 1_11_ flow patlem ~ 
oTl~ nolir for now boilin2. " ...... <01..1 (or 
tOIIdcnsahon wide 1I0ri,0:,,"1 tuba ..!ule 
a ne'" I~ol l<'Inlfe, modc:l " "", .. o!<d '" 
PIn II The new 1'10", "",tem ",.p 
''''""",,II'' • ne""'r dtfined 'ot"riUI)'''' 
mcan vo,d {r .. ,ion (LMe) m<lnod (0' 
u kulluon o( v&pof void fteCllMI 
'poannina from 10.... plU'U," up 10 
P«P...... ....., 1M concal poilll. ~-e .. 1 
"'h" nlQdiflCl ""n, Irc . 1'0 mod. thai Me 

.ppmpnlte fOf ~nsatioft " ' ~ 10 
evoporouOIl. In lhe l\)scn« of void frKhOn 
d.IO . , h.gb rcdl>Or:d pre.",,,,, fo, U,. .. 
cordiuOlU. lhe new LM< m .. hod b .. be<n 
ind"ecl l~ valid.l.d """ll lhe eon"",,'; ,,: 
CO<'I<knsIuon modtl ru "'"""tv 110", Md 
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COfttSponding Ileal trlnsfer test dala lit 

redlKcd preSSUre<!" up to 0.8 NT. The new 
m .. p has also been sU~CCSlirull)' oom[lllred 
[0 sonic Jetcm 

SIITI\I t t .1. (2002) solved ana lylically 
the problan or convective «IrlCknu tion o f 
vapon inside a horizontal condenser lube. 
HomQ&cl\eOu$ model awoach is employed 
in the estimalion of ~hca.r vcl()(ity . which is 
subscq~nlly. made use of in predittillg 
k1q1 eon"cetivc condCosalion he8\ lnru(cr 
eocfficicnt.s. There re.suh! are compru-cd 
with SQrnC Orill e aVAilable equation.:; in lfle 
Intl1l Lure. II ;$ Ob!iCNed tnal Iht agr«rnenl 
IS lusonably !IIIlisr~cLory Y~lida l i ng lhe 
&S$wll plions arid 1M IhcOl')' p~lCn[ed. 

In most cnaincerins applieatlcns, heat 
and mass transfer OC~ lI r simultaneously ftnd 
often thGK lire Slrongly coupled. Tbc.refOfC, 
in Ihe pruenl work, numerical 5tudy ofheil 
Ilid mus tl';)fLSfer frol11 moving 1110151 ~i r 

flOWini inside a hoc1%OluaJ cooled d~u~r 
duel wilh conSI3111 wall lempel';)ll.Ire is 
c ~"mined . 

2. MATHEMATi CAL MODF.L 
A sc:ho::mahc of physiCli I model under 

stlld), IS showl.1 in FiS-O), whlC"h shol''5 the 
cOOIdinntc s)'stem and dimenSH)nal 
nomenellhan:. l1te nuid now is IISsumed 10 
be u i . .!)Imm.:!rie now. Ilminar, and sludy 
wilh cons l~111 pmper1ie5 for the rlUl6e or 

~ Q("'L. ~:_o .... . 
,I> ib 

, 

temperaturcs considered, 1 ... 0 dimenSion, 
and compressible. Before COf1tacl, the 
velocity and temper-lillie or flUids a~ 
uniftlrm and corrc5f>1lnd 10 frec slrc.am 
condnion!... 
n.e effect or 1:1'1Iv it)' fora: and heal 

dissipation is neglected. Moreover, unifOfm 
velocity and lempenllure profiles. . t the 
inlet or lhc ein;ular duel,.re ."umcd. 

2..1 Govunillg . ;.q" . IOoIlS 
II IS suil.bl t [0 select the cylindrical 

CO(lrdill3le (' ,;' z) 10 ex pr(:u the flow 
govern ing equ.uions. The used cQCfdinale 
system is iihown in figure (I). The flow 
descr ibing equations aR conti nuity, 
mOOlC"nlum, ellCrgy 1100 OOflcenlralioo 
~qual iCH'ls ror IIMi.symmttrK. 'They can tx: 
WJiu~ as ' 

cooled surface 

/ 
muist air 

j' l 

.. (I) 

II' iJw +uu,..., _..!..~ .;. }I(a. ,.. .. ! aw .;. al",) 
it: a- p ih p c}yl , er a.: ' 

.. (2) 

.. au .. II au .. _..!.. i!p .. JJ(a!u .. ~!!_.!. + iJlu) .. 
az do- p i)r P a,.1 , dr ,1 ~I 

. (1) 

.", iJT +uiff .~(al r .. .!. iff .;. alT) 
il:: 8r pC, dr' , fJr Ct' 

. . . . . (4) 

.. iJC .. u ¢C _D (~ ... .!. «: +iJ'C) 
ih Or iJrl , iJr &' 

., . .. . . . .(5) 
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Equations (1·5) are the continuity equation, 
axial and radial momentum equations, 
energy equation and concentration equation 
respectively. Where; HI and u are the velocity 
component in axial and radial directions. 
The tcmperslure, density and specific heat of 
the Ouid at constant pressure are denoted by 
T, P and Cp ; respectively. In the forgoing 
equations, P, J.J, Ie, D and C are pressure, 
dynamic viscosity, thermal conductivity o f 
the fluid, mass diffusivity; and concentration 
respectively. 

The flow, heat and mass transfer 
inside the circular duct for laminar and 
steady now are considered. In this case, the 
corresponding continuity, momentum, 
energy and concentration equations (I - 5) 
in cylindrical coordinates must satisfy the 
foHowing boundary conditions, as ; 

At z = 0.0. 0.0 S r 5 ':. : 

W " Wo• II =0.0. T~ T<II .C=Coo 
at 0.0 < z < I , r -=- I~ 

II' =11=0.0. T - Tw . . C=C .. 

01 z ,./. 0.0 Sr S I~ 

oW or iJC 
- = 0.0. 11=0.0. - = 0.0, - = 0.0 (6) 
Oz Or or 

for interface 

k o~ =k aT, + Dh am, 
lar lar PI Iii or 

. At Axis of Symmetry at r-O, O<z<1 
ow au aT iJC -=-=-=-=0.0 ar ar iJr Or 
Where; Too and Coo are the 

temperature and waler vapor concentration 
in ambient air. 
Solving the governing equations (1·5) with 
their boundary conditions equation (6), one 
can obtain the velocity. temperature and 
conct;~tration distributions through the fl ow 
field. Knowing hydrodynamic and thermal 
flow field local heat and mass transfer 
coefficients, and in turn, local Nusselt and 
Sherwood numbers can be determined. 
Local heal and mass transfer coefficients are 
deflned accord ing to the following 
equations; 

h= q 
T. -T. 

_ D(_iJC) 
ar @ , . r. 

II = -:---c- = _':'---'c"'= 
1/1 C .. -Coo C", -C., 

m' 
(7·.) 

And consequently local Nusselt and 
Sherv.rood numbers can be expressed as; 

N _h.r" Sh_h .... r" 
11--- ---

k' D 
.... (7·b) 

Average Nusselt and Sherv.'ood numbers can 
be expressed as~ 

Nil", =(7) INlldz 

SII .. = m J Slidz . .( 7·c) 

Equation (7·a) expresses local heat 
transfer coefficient h as a function of heat 
nux at plale q , the duct wall temperature T,r 
and the temperature of flow T"" and loca l 
mass transfer coefficient hm as a function of 
mass flux of moist air 01' , the concentration 
at su rface Cw and concentration of moist air 
flow c.,. Referring to the definition of local 
Nusselt and Sherwood numbers, ro is the air 
flow passage radius . Referring to the 
definition of the average Nusselt and 
Sherwood numbers equation (7-c), / is the 
distance along z·axis corresponding to duCI 
length. 

For eliminating pressure term from above 
momentum equations (2-3), one introduces 
flow vorticity cv and stream function '1'. 
where f.J) and If take the following 
definitions: 
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figure (8) shows the variation of loca l 
Nussclt with respec l to dimensionless 
dislance l at different values of Pran<lt l 
number. It is obscIVcd lhat, as Prandtl 
number increa5e'l Ihe value of Nussel1 
nu mber also increases. 

Local Sherwood num ber is plolled against 
dimensionless distance Z with diffe re nt 
values of Sctunidt number, as shown in Fig. 
(9). It ;s OhSCIVed that, as Sctunidt number 
increases the value of She!WQOd number 
IncreasCoS. 

The following relations com::late the 
theoretica l rCoSults, where the Nunc lt and 
Sherwood num bers arc cxprcsscd as 

. functions of Reynolds, Pra ndtl and Sctunidt 
numbers: 

Sit _ I. ] j ] R~0.611 &'J' 

C onclus ion$ 
In the present study, the conde!ls~t i on 

process of waler vapor from moist air is, 
theoretically ana)Yled. n,e effects of procns 
parameters are investigated. These 
parame ters arc presented by the following 
dimensionless physical quantities; Prandtl, 
Schmidt, and Reynolds numbers. 
Conside ring lhe lhw",tical proposed model, 
il is found tha t lhe increa>e of P~dtl lind 
Sctunidt numbers cause increase of Nussch 
and Sherwood numbers. 

Comparison bet,"ecll the obtained results 
and the previous Wll rk s in cue of steady 
flow sOO"':S good agreement. Two 
correlations fOI NlIsstlt number and 
Sherv.'OOd numbers arc obtained. 
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Figure (4) Isothenn lines for different Reynolds number 

1 

__ -O.01~ 

_i .rjiiiiiioi 

Dimensionless Distance, Z 
Re=2500 



• 
I 
I 

114"%'" EoJUlO<l'"1 JwmoI, (MEl). V ... l l . No. 4, December 2006. M U 

• 

Dimensionless Distance. Z 

·Hf~ ---.. " .... . r ' ... _ 

• -I--!-++:;I. 
!·H---j 
I.r-+-c 
-
- - - - ---­,"""o,~;,o. ... _ "-$0001, ... ,,, ,_ -- L 

- 0 . ,.,. -• - - -
. . . .. , . . .' • 

V· -.. 

, 
! 
I 
f 

, • 

• 

• 

---,~ .. ... •• - ~ ... ..'..::::..!!. • . 

.J 
X 

> 

i ......... _:.00_ 
. " r _ . " 

.",me, " ·LL ",_A_"" ,,'_ 
• • 

• 
- - ' , .... •• • _., :-"/ • ... • 

• .. • • • • • .. • .. ' .. .. l • 

I 
r .. 

• 

:/ • • .. 
• .. 
, 

• • , • .. 
, - .. 

F ... (I) Eff«1 ofPton.:ld ........... I0<oI 
II II""",b ... ,R .. l500 

• 
• • 

.h , .. .. .. 
I 

0 •• ' ..... \> . . .... 1 

F .. (9) CfT ... ofSchrn"" ".mbor on loul SI><",.".,.! 
""",11<1., Rc<o~ 


