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Natural convection in partially heated square caity

SaraTabet*, Ahmed Zineddine Dellil**, Ab b Azzi** *

*nstitut de
E-mail: tabetsara473@yahoo.fr

**|nstitut de Maintenanceetel S®c ur i t ®
E-mail: sdellii@yahoo.fr

***| AHN, USTO, Oran, §eria
crossref nttp://dx.doi.org/10.5755/j01.mech.22.2.12215

Nomenclature

Cm- empirical constant in turbulence modegj=— gravitatio
nal accelerationk - turbulent kinetic engy; le, lg—tur-
bulence length scalé - width of the caviy; Nu(y) - local
Nusselt number Pr - Prandtl number; T - temperature;
u - fluid velocity component ix-direction;u'v' - Reynolds
stress;u? - turbulent heat fluxv - fluid velocity com-

nent iny-direction; V, - buoyancy veloity = ‘/ng D;

w - fluid velocity compnent in z-direction; x, y, z— Car

tesian cordinates;X, Y, Z- dimensionless cenrdinates;
DT - temperature differencelr = Ty - T;, Ra- Rayleigh
number

greek letters

a - thermal diffisivity; b -thermal expansion coéfient;
U- turbulent energy dissipation rater dynamic visceity;

n- kinematic viscosityy - fluid density

1. Introduction

The Study of the heat transfers by natural canve
tion in the square cavities aroused amseesial interest
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convection in totally opened square cavities, having two
walls Horizantal adiabatic and the other vertical walin
oneyear later, the same authors [16], by realizing another
study on other cavities and by comparing it with the square
cavities, found that the cavity, studied by [15], gavessati
factory results specially to large Rayleigh numbéfia-
moto and al. [13] studd the convection in square cavities
partially and totally opened, among which three walls were
isothermal, in different anglesBilgen and Oztop [14]
studied the natural laminar convection in the oblique pa
tially opened square cavities, of which the ogipowall in

the opening was isothermal and two others were adiabatic
They studied thenfluence of the position size and of the
opening, the number of Ra [Q0F; and ofinclination of

the cavity.

Azzi and al. [20] studied the laminar and widnt
natural convection in the internal of a square heated cavity
differentially. The results belonged in good agreement with
those of Ampofo and Karayiais [18] for the turbulent
part, and to those of De Vahl Davis [19] for the laminar
part. Ampofo [18], realize an experiment on the square
cavities filled with air
hot wall, The obtainedesults were very good, and are

during these last decades. This interest is dictated by thused as a benchmark for the validation of the codes of the
role played by such configuration in various domains: Th«ComputationaFluid Domain The objective of ourtady is
cooling of electonic components, air conditioning, the to test the behavior of Numericgrogram CAVITY by
heat e&changes, the thermal power plants, the insulatiocomparing the results of the heated cavity differentially
systems,etc. Several works were realized numerically,(De Vahl Davis [19]). In the second stage the code is used
others experimentally. The prediction of the behavior ofo see the effect of the heated partially wall on the structure
these flows requires the thorough knowledge of the iphysof the flow andhe themal transfer.

cal phenomena which occur in this closed cavithe
natural convection in heated cavities digntially to the
numbers of Rayleigh until approximately®1@as exper
mentally examined [18]. The steady laminary flow of

these flows is studied well. However, in most of the iappl

cations, the flows are unsteady and turbulent. Theenotir
researches ar®lumerical -2] and experimental [2].

2. Models and boundary conditions
2.1 Mathematical model and numerical method

Incompressible fluid flows are governed by the
Navier- Stokes equations. These equations relate the speed

These studies give a big and useful database for theavalidand the pressure in every point of the fldwaur unknown
tion of numerical simulations. During the 90s, a differencdunctions must be detained: the three components of the
was observed between experimental results and 2D of tlvector speed and the pressure. Thiggraph is devoted to

DNS (Direct Numerical Simulations) [9].

the presentation of the results of the tested case; laminar

In this context, many numerical studies werenatural convection in a square diffatially heated cuity.

made by using the iBect Numerical Simulation [9], and
Large Eddy Simulation [10-11] for the 3D and for the
turbulent flows.

Numerous authors {8] studied numerically the
laminar natural convection in totalbpened avities. Penot
[2] analyzed the same problem f8rashof numbers going

Thefluid is the air(Pr = 0.7), bothtop and bttom
walls are adiabaticwhile the right and left wallsare main-
tainedat constant temperaturetthe order oflO and 50 C
respectively The flowand the heat transfare repesented
by thestreanlinesandtheisotherms.

CAVITY is a numerical house solver developed

from 1C to 1¢. Chan and Yours [15] studied the naturalin the Labor#ory of Naval AeroHydrodynanics (USTO,

and
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Algeria), based on the Fortran and using the finite diffe leigh numberganging fom 10* to 1. Table1 shows the
ence method to solve the NavieBsokes equations. The comparisonof the average Nusselt numbéy compaing

code uses the discrete formudat PstOmega in the se

the resultof the present studwith those ofDe Vahl Da-

ond order, on structured 2D numerical grids. The tesol vis [19]. Analysis of the resultshowsthat the calcutions
tion of the algbraic system of equations is made by aof this studyare very safactory compared to tis test

successive method of relaxatiofihe current versions
limited to two-dimensionalincompressible fluidsn lami-
nar regime The buoyancy effec{natural convetion) is
supportedthrough asource ternincorporated in themo-
mentumequationsin agreement with th&oussinesq
proximation

cases lusselt).As an exampletheFig. 3 shows the strt
ture of the thermalfield through theplot of the isotherms
of the cavity at Rayleighequal to 16and1C. The cases of
higherRayleighnumbersshowmore pronouncetempeas-
ture stratifcation.

Table 1
v A Adiabatic wall Validation oftheaverage Nusselt mber
10 100 100 10
Vahl Davis 2243 | 452 8.8 16.4
l The pesent study| 2.246 | 4.405 | 8.157 | 15.780
g
T g Tco
» X
Adiabatic wall

Fig. 1 CalculationDomainand boundargondtions
2.2. Optimization of the mesh

The optimization of the mesh consists on ckoo
ing the one who converges best giving good results, and
who cansumes the least possible of time CHdr this,we
conducted asimulationof the differentially heated cavity
for a Rayleigh numbeequal to10*. We ugd fourcompu-
ting gridsrangingfrom single to doubleandwe tracedhe
evolution of theNusseltnumber on the heated wallThe
grids havethe fdlowing sizes:20.2Q 50.5Q 100.100, and
200.200 According to the Fig2, which representshe
ewolution of the Nusselt numbeiit is clear thathe 100.100
grid produces resultappreciably the same #ésat of the
upper grid with less computing time. This gridwill be
adoptedor the resbf the calculationin this study.

Ra =10"
—20x20
= = 50x50

+ 100 x 100
= =200 x 200

Nu(x)

0,0 0,2 0,4 0,6 0,8 1,0
X

Fig. 2 Evolution of theNusselt nmberon the heatedvall,
of the differentially heatedcavity. Comparison of
the results of fourcomputing grids

3. Validation

Ra=10°

Fig. 3 Isotherms ofthe differentially heated oy

Nu(y)
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Fig. 4 Evolution of the loal Nusselt nmber along the

For the validation othe numerical programwe
conducteda study ofdifferentially heatedcavity at Ray-

heated face according to the percentageifgathe
case oRa=10*
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4. Results and discussions
4.1.Laminar flow
The Nusselt number isefined as

L uT

Nu(y)=-———"—, (x=0). (1)
SRSV
And the aveaged Nusseliunber as
— y:L
Nu= § Nu( y) dy. )
y=0

After validationandreview ofresults obtained for
the classical differentiallyheatedcavity, we conducted a
parametric studypy changingthe pation of the heated
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Fig. 6 Changesf temperature oa horizantal line atmid-
heightof the canity

wall which will be 20, 4Q 60, 80and 100%.The prpose
is to see the effeadf the partial heating on thatructure of
flow and the heat trafer.

The calculationis conductedfor the Rayleigh
numberequal to 16, andshows thaia large temperature
gradientat the bottom ofhe cavity andwhich decreass by
going upwardThis behavior is in agreement with theu4s
al examirtion which shows that the thermal boundary
layer is thin at the bottom of the cavity and thicker upward.
By applying a partial heating, we note, by all the cases, the
appearance of p&s on éher side of the heating zone.
This behavior is in agreement with the dieyenent of the
thermal boundary layer at the borders of the heated area.
Another findingconfirmsthat the level ofhelocal Nusselt
numbervalues ishigher forthe low heding portions than
for the large onesTheFig. 5 showsthe plot of isotherms
for the caseR=10* and for the differentpartial heating
levels.

80%
Fig. 5 Isotherms for different cases of fial heaing atRa= 10

In this caseat low Rayleigh numberwe notethe
small effectof partial heatingon the thermalfield structure
with a slight defomationof the isothermalines marrying
and envelopinghe heated portianThe right zone coer
sponding to the cold wall remains substantiatighanged.

The Fig 6 shows the evolution of the temptire
on a horizontal line situated expcin the midheight of
the cavity.The plot showsa lower level of temperature in
the centerof the cavity for the caseof the lower heating
(20%). This levelincreases with the increasé the partial
heatingwith almostlittle differencebetweenthe cases30
and100%.Table2 shows the valuesf theaverage Nusselt
numberfor the caseRa= 10%and for the dfferent partial
heatinglevels.
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Table 2 the average Nsselt numberaccording to thdevel of the
Effect ofthe partialheatingon the average partial heatindor the casdRa= 1(°. Here we see the same
Nusselt nmber, Ra= 10* proportional dependence between therage Nusselt and

the level of the heating with a value of the cases (20%),
heating | 20% | 40% | 60% | 80% | 100% | almost of half of the cas€$00%).

AveragedNu| 1.408 | 1.807 | 2.057 | 2.195| 2.246

Table 3
Effect of the partial heating on the average
The valuesof the averagéNusseltattest thelow Nusselt nmber,Ra= 1¢¢
thermaltransfer levefor the casesvith low partial heating
with an increasdo asthe percentage de heating n- heeting 20% | 40% | 60% | 80% | 100%

creasesThe value of thdow case(20%) is almostof half
of that of thecomplete heating100%). In orderto cam-  |AveragedNu| 4.165 | 5.866 | 7.056 | 7.829 | 8.157
pletethe investgation ofthe laminarcase a similarstudy

was conductedor a Rayleigh numbeslightly higherbut The structure of the thermal field fonis case is
alwaysin thelaminarzone.Table 3shows the evolution of shown on the Fig7.

1¢

20%

0.4 0&

60% 80%
Fig. 7 Isothermdor differentcases of pdial heating atRa= 1(°

20% 40% 60% 80%
Fig. 8 The ¢reamlinesandthe velocity vectordor two partial heatindevelsand fortwo Rayleigh numberRa= 10*
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For this case at Rayleigh relatively high andreha
acterized by a stratification of the temperature, we notice a
rather considerable change caused by the partial hekting8.

is clearfrom this figure thathe lower half of the cavity is
immersed inmuch lower temperaturénanthe upperhalf.
This pfenomenoncan be explainetty the physics of the
natural convectiothat stipulate thathe air paticlesin the
vicinity of the hot wall migrate yward by transporting
with themthe heat given up byhe hot wall The ower part
of the cavity, surrounded byhe adiakatic walls, and with
the cold wallremains inan atmospher colderthan that of
the upper part.To completethe presentationFigure 8
showsthe stramlines as well as thevelocity vectorsof
two partial heating levelg20 and 80%) and for the two
Rayleigh numberstudied Ra= 10* and10f).

5. Conclusion

A numerical investigation of thdaminar natural
convection inside adifferentially heatedsquare cavityvas

Transf43: 849-866.
http://dx.doi.org/10.1016(®179310(99)001991.
Tian, Y.S.; Karayiannis, T.G. 2000. Low turbulence
natural convection in an afilled square caiyPart Il;
the turbulence quantities, Int J Heat Mass Transf
43:867-884.
http://dx.doi.org/10.1016/S0019310(99)002048.
9. Xin, S;Le QuR1t985 Direct numerical simal-
tions of two-dimensionalchaotic natural convection in
a differentially heated cavity of aspect ratio 3,Fluid
Mech304:87-118.
http://dx.doi.org/10.1017/S0022112095004356
10.Trias, F.X.; Soria, M.; Olivia, A.; Perez-Segarra,
C.D. 2007. Direct numerical simulations of twand
threedimensional turbulent natural convectiftows in
a differentially heated cavity of aspect ratio 3,Fluid
Mech586:259-293.
http://dx.doi.org/10.1017/S0022112007006908
11.Peng S.; Davidson L. 2001 Large eddy simulation
for turbulent buoyant flow in a contained dayilnt J.

Heat Mass Transt2:323331.
12.Xin, S.; Salat, J.; Joubert, P.; Sergent A.;Le Qu ®r ®
P.; Penot F. 2006 3D numerical simulations ofur-
bulent natural convection in an afil leddifferentially

the subjecf this article. For thisaminar flowthe terms

of the buoyancyare modeled byhe weltknown Bous-

sinesq approximation. The results of theaminar flow
calaulation show that the present study provides very well
the solutions of the test cadéhe effect ofthe partial he& heaed cavity,In Proceedings of the 13th International
ing applied tothe hot wallwas examinedor a rangeof Heat Transfer Conference (IHTC, Sydney, Augija

Rayleigh numbegoing from10* to 1. The heating was 13.Miyamoto, M.; Kuehn, T.H.; Goldstein, J.; Katoh,

applied at20, 40, 60, 80 and 100% of the hot wdlhe Y. 1989 Two dimensional laminar natural convection

results of this investigationshow thatthe partial heating heat transfer from a fully or partially open squeasi-

has an important influenazn the structure of the flowand ty, Numer. Heat Transfer A1811-430.

on theheat transfeinside the cavity. This effectis even http://dx.doi.org/10.1080/10407788908944696

moreintense than thRayleighnumberis important. 14.Bilgen, E.; Oztop, H. 2005 Natural convetion heat

transfer in partially open inclined squaravities, Inte-

national Journal of Heat andMass Transfer: 48

14701479.

1. Le Quere P. 1987. Et ude de | a 15.¥.h. rChan,tYiL.pTen, GL. 1985 A numerical study
Il "instatisogcauil eénedt navud e |ohtwoedonensienal tamioan natural corat®n in shal
relle en cavité vehauthée bwdperecastinstintematibonal deumal of Heat and
methodes spectrales Chebyshewh s e de d oMassdlramssfer 28603-612.

d’ ét adrs,i tUdnid eFrafte.i t i er s, http://dx.doi.org/10.1016/0019310(85)90185.

2. Penot F. 1982 Numerical calculation of two 16.Chan, Y.L.; Tien, C.L.1986 Laminar naturatonvee-
dimensional natural convection in isothermal open ca tion in shallow open cavities, Journal ldéat Transfer
ities, Numer.Heat Transfer 5421-437. 108 305-309
http://dx.doi.org/D.1080/10407788208913457 http://dx.doi.org/10.1115/1.3246920

3. Ndame A. 1992 Et ude expér i meen-t all7.8kokd ld.; Ramadhyanin S, Choenhals R.J. 1991
tonnaturell e en <cavi tohaosy e Ndtuéat canvectisn iradidiacng apan cavy, latan:
Thedewloct or at Uditiery,drarcé. t € d etiomal Journal of Heaind Fluid Flow 1236-45.

4. Mergui, S.; Penot F. 1996 Convection naturellen http://dx.doi.org/10.1016/014227X(91)9000€H.
cavit édicfagtéieel | ement -c hil8.Arhpobfé, d.; Karayrawnes,sTt@. 083 Experimental
tion expéri meedtld.l Ist. JaHeaR a cas test data for turbulent natural convection in an air
MassTransB9(3):563574. filed square cavity, Int. J. Heat Mas Transfer
http://dx.doi.org/10.1016/0019310(95)00133r. 46: 3551-3735

5. Penot, F.; Ndame, A;Le Qu ®.r189Q Inves http://dx.doi.org/10.1016/S0019310(03)0014™.

References

tigation of the route the turbulence in avertichdfer-
rencially heged cavity, proceeding of thet®Interna-
tional Heat Transfer Conferenckerusalen2: 417-422
6. Xin, S;L e QuP®20@ Natural convectioftows in
air-filled differentially heated cavities with abatic

19.G. De Vahl Davis1983 Natural convection of air in a
square cavity: A benchmark numerical solutiont, J.
Nummer.Methods Fluids 3 249-264.
http://dx.doi.org/10.1002/fld. 1650030305

20.Azzi, A.; Dellil, A.Z.; Bouchouichg M.S., Nemdili,

horizontal wals, Numer Heat Transfer, Part A F. 2013 Prediction numerique du champ thermo
50(5):437-66. dynamgue | aminaire et turbul e
http://dx.doi.org/10.1080/10407780600605039 cavite carree differédnti el

7. Tian, Y.S,; Karayiannis, T.G. 200Q Low turkulence
natural convectiomn an air filled square cavityrart I:
the thermal and fluid flow fields,Int J HeatMass

colloque interuniversitaire FranedQu é b éc oi s S ul
thermique de6systéemes pp. 1


http://dx.doi.org/10.1080/10407788208913457
http://dx.doi.org/10.1016/0017-9310(95)00133-T
http://dx.doi.org/10.1080/10407780600605039
http://dx.doi.org/10.1016/S0017-9310(99)00199-4
http://dx.doi.org/10.1016/S0017-9310(99)00200-8
http://dx.doi.org/10.1017/S0022112095004356
http://dx.doi.org/10.1017/S0022112007006908
http://dx.doi.org/10.1080/10407788908944696
http://dx.doi.org/10.1016/0017-9310(85)90182-6
http://dx.doi.org/10.1115/1.3246920
http://dx.doi.org/10.1016/0142-727X(91)90006-H
http://dx.doi.org/10.1016/S0017-9310(03)00147-9
http://dx.doi.org/10.1002/fld.1650030305

124

S. Tabet made in laminar flow for Rayleigh number ranging from
10* to 1. For the validation, a preliminary calctitan of
NATURAL CONVECTION IN PARTIALLY HEATED the differentidly heated cavity is successfully confronted

SQUARE CAVTY with the works listed by De Vahl Davis. The outlines of
temperature, the vectors speeds and theutweol of the
Summary Nusselt number are presented for vari®agyleigh number

while limiting itself to the laminar case.

Numerical investigations were led in a square
cavity (L =1), filled with air, of which a partially heated Keywords: natural Convection, Rayleigh mber, finite
wall, by using a numerical code based on the finite diffe differences.
ence method. The length of the heated part, at constant
tempesture, varies from 20%0 80% of the total length. Receivedviay 07, 2015
The qposite vertical wall is supposed cold. The two other AcceptedMarch 15, 2016
horizontal walls are thermically isolated. The calculation is



