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MIXED CONVECTION BETWEEN HORIZONTAL FARALLEL FLATES
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Tocused o Lols oroblem - DAl D EYqtal Mrnkowwroz [il
investiligated the conditions undelr wnich therse are signitficant
2l fects o buavancy on a Jorced convectlon boundary laver
ilaw over a I'lat plate US1ing a pariurPatlon zeries 10 terms

L

=r whé  buoyancy parameter . Caircrne and  Inceropera (2
serformed an experiipental study for Laminar wabtar Tlow wn blee
Lhermal @ntrance reglon of  a horlzontal duct  ane ootarnes
=latlon for Wuzselt jnumber o terms  of  Lthe Laverss
nonumber.  Schnelder (3] scprained an exaclt similarityys
far laminar 'low ovar a riat piate h@ated from below
i a4 wall teamperaztur= that 13 inpversslr preoportional
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the anurg r . i rooLwes herlIzonbtas

hezred r =2low and coclad1 froem above. In such case Lhe
indtced buavancw T'orces abt ol the lower and upper plates
orodice an acezsleraling pressure Jgradient aloang the main rlowv
dipection, then = tamperature differ=nce between the
lowar plate a ‘ree shroam s assumed egual  to that
ha fre rd the upper plate; the flow will be
4 T the passar problem 1s of
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Because ol bLhe synmetry oI flow apeout the awxis of tive
passage conly Lhe lower half of Lhe passage
in this analvsis.

Ta eliminate the presaure gradient from Lthe governing
eguations (2-3), Lhese eguabticons are differentiated with
respect Lo Y. x respectively and by subtraction, the twa
romnentum  eduatlons are transtformed Lo one momentum eguatian.

To express the governing eguations in a aimensionless

rorm. new i ndependent variables i along wibth a
dimensiconless temperature & and a dimensionless shtream
funetion are 1nbtroduced according bto the following

derinltlions;

- 5o - P
¥ =GrusBex’ . n=y,| uo-suw X, L83
T T-Tol
3 = . et
S Tw—Tol
L8

a eviholds numeoer, derined as
funcmion der:ned s=uach that 1t

w13 Lhe stream
i continaiby 2

Zupztituyiing the above delined dimensionless variraples
SMEnLUM and energy
e transiormed Lo oa

sguations, Lhase @ouaticons  could

Caorn 25 oliows,
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The T Lnvdependent variable 7 1n eouavion C173D 15

directiv praporticnal Lo the distance between the two plates
ane b o ll e aealt with az a parameter of b2 probl=m

reoamn Lhe polnt orf vwiew of Live Ltocal zimilariiy
Lhe terms contalnming sartial derstatives with respe
Arg CORELTSrec 3 and can e dropped
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3. NUMERICAL PROCEDURE

The numerical Lechnigue used teoe treat the governing
equatlions C1l4-15) with their boundary conditions €162 entails
transform:ng these equaticns to a setv of five first order
differential eguations such that the Eumnge-Kublta integration
Lachnigue can be emploved to solve these equations with the
boundary conditions (152 for a certain passage height ¢ or a
certain Ebj over the wnole range ol the buovancy paramerer £
Then the process is repeated {or different values of Eb or
for different passage heights.

To start the =zolution ,1nltiral assumprions for .3
ar ~he wall as well as [ at Lhe awis of svmmetry are emploved
Lo selva the momentum and enerdgy edgualions simultaneousl:s.

Hdere the computed Larmipal vaiues of ', £ (& and & at t.re
axLs are functions o Lhe paivtial  assumeptians and boe

correct wvalues of f and % al fLhe wall are bt al ned e

el aving the tterative Mewrion—Raphson  shooting metbhod "

for
the boundary wvarue problewns to sacisiy the boundary wvalues of

¥o.F L oat the awls and the assumed wvalue of £ az well,
than Lhe correact walue of £ at the axiz can be ob<alnsd
oy adiuzting tne  proguaced veloclity profiile to satists Lhe
continuUulty equartion 1n the 1ntegral rorm |
nr"r’J:{
] = J- Toade
TN
5y
This regquires an additlonal shoouing Lo obtaln improaved
values for F oat the aris which 15 used to raplace the
initlal assumption and an  improved solution may then be

computad,. This was repeatad few times leading to successlve
improvemants until the tolerances preassigned to the values
oif L .%,7 al bthe axis are achieved while Lhe wveiociuy
profile satisfres  the continulny equatiorn o within a
prescriped tolerance s grig of 200 points was found quits

surflent. and tne tolarances preaszignad La {08 and ¥ at
A
max )
[ o153 N ang T If v N a2 armd
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4. RESULTS AND DISCUSSION
Numesrical caleulations ar carried owun Teor  Frandtl
aumber vaiuyes of C.%,.0.7,1 and which cover mosL practical
applications. Cnn Lhe other fand "ne buovancy parameter o
varrea from 3 085 Lo 0.2 while the heignt paran

T
—~
=

taken Lo be 3.5, 0.73, and 1.1t was found difficull fto attain
he correat value of [ atv Lhes asisz at higner values of
1

Buovancy eIfects on the wvelocltivy and Lemperature
distributicns zre depicted 1n figures. (-3 for Fr=.7 . Fron
Yigure <23 11 re clesar thal due Lo buovanev elffectsz  an

o Enontl 08 e selodity hazD Desn ooourrag wihn LS MGl dm
na from L.1d e 1025 as ¢ oinereaseg : i
te .2 . Tioser inspecticon of figure (2L revea
positlion of the maximim veloclby gets closer to
LRCTEanes. In contrast Lo tie veloct L
temperature profile 13 igsszs suscaptible to bucvancs
this can e at<raobuted toe the facl that 1the direct effect
buovaney 13 an additional rorce 1n the momentum sgquation.

vl ool T

Az gnown in figures (4-82 numerical solutlons are
obtzired for the =ffsct of the heightl paramsLer I on the
veloolity  and —emperatur=s distributions whe < :
parameter 13 constant for all rens. The bwo 19w 2s show that
the effect o lnereasing Eh s decrsaze 1n boln  the

velooliy and temnperature at the same axial wosition

The effect ©f Prandtl number on botihh the velocitwv and
Lemperature istributions 15 oresent ed in figures
{B6-7T2 One sees Lhat low Frandil number Ir'luidgs are more
sensitive to buowvancy forces wilh the tembperature profile
nore susceptible Lo PFr variation

In frgure C(BY wvarialionzs of Lhe local Nusselt number
Nur {Fex with the buoyancy parameter & are oregented  [or
different values of Lhe height parameter <o while such a

reiation g presented 1n figure (8 ror different prandtl
nuUmMers. As shown :n figure ($) the value Hu-J{Re increases
kg

=38 Shows  Lhat

fei+ higner Frandll numbers while figure

Nu Jre &3 F, 1noclreases.

X

Yiureelt romroer Dased on Lhe cafsags
LI el bl L@ pLoesénl Nuzzelv TSI e =
Daltameter 17 L Convertlicohal  NLLUNEeD, T
Fassage eldght 00 ame Foon W 3hes U NLmber
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abflaslor 21 "o <Soebliclant oI Sain [elotron D0 La mroasen: ed
Ly Tlgure LT 4% 4 Iunctiaon 2 the buswvanoe's Saramsior o oocer
Thie rargs L0325 2 S m 02 with i herght parameter ccalues of
I .73 ama i. whilie the =ftact <=rf Frandt. auomser on Lha
zoetricrant ol [Flelion 13 presentad 1n rigurs CL22, The Lwo

Tigures show that lower values of =ilher the passage height
of Prandol number yield higher valuves of the coerfflolent of

rrecbtzon o It 13 also clear what the Husselu pumber and 2
1

trends are consistent with Lhe expected =ffacts of the airdinog
pressyure gradlient. which accelerales the [low ana lnocreases
Both wall shear =stresz and heat transier monotonically.

Comparlson  between Lhe present wOr K ard that of
M. 5. Wasel (10] for laminar forced convection in the entrancs
region bebween Lwo parallel piates reveals that bthe value of
Nusseltl number in case of mixsed conveclion is  aocout 40
percent nigher Lhamn the cortesponding value obtainmned in [10]
as shown in ligure C14D.

5. CONCLUSTONS

The method of the local similarity solutions proved to
be elfectlve in the numerical analysis of combined [orced and
frewe convection flow between horizentali parallel plates,
Numerical rasulcs Uor tne coefficient of fricticn and local
fieal Lranster ars obtalned for flulds having s onimbers  or
ool and 2 nd for vaides of  ths bust-ansy  parameter
barwsan O, 333-0, Jlocal selulions at any axial positlon over
this rangs could be obtained regardisess o the upshrean
informatlon . Efforss to extend the solurion pevond O 2 were
dnsuccessiul 1 onost ruans. IR i3 Cound than Lhe coefficient of
friction and heat Lransi=r Lncorzase markedly as ftne buovanow
Torces  lncreasse. Fesulbs cobtained ror thsa neat Lransier arse
abrur 40 percent higher bLthan those cbbtalned by M, G dasel 1190]
Tor lamlpar forcsd copwvechion benseeon horizontal Daralled
piatas.
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