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BbiBOABI

ITokazaHo, 4TO MaKCUMAaJILHOE HAKOILJIECHUE U OT-
Jlaya TEIUIOThl B JUCIIEPCHOM MaTepuajie JIBYOKMCHU
BaHaIUsl TIPOUCXOIUT TIpU (pa30BOM IMEpPexoae B yC-
JIOBUSIX afgcopOumu-mecopouum kuciopona. Koam-
YeCTBO 3aracaeMoi TEIUIOTHI 3aBUCUT OT BKJIaJbIBac-
MOI ME€XaHMYECKOMN SHEPIUM MPHU JUCTIEPIrUPOBAHUN
KWCXOQHOIO OKCHIa BaHaaus. YMCIEHHBIE pacyeThl
MOKa3ajau, YTO BIMSIHUE ONTUYECKUX XapaKTepucC-
TUK MaTepuaja Ha IpoLeCcC HarpeBa yCUJIMBAETCs
rnocJje 3aBeplieHus: a3oBoro nepexona. IlomyyeH-
HBI€ Pe3yJAbTaThl MOTYT OBITh UCITOJIb30BaHbI IIPU CO-
3IaHUMU BBICOKOI((EKTUBHBIX IMpeodOpa3zoBaTeeii-
HaKOITUTEJIEH TETUIOTHI.
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FLOW AND HEAT TRANSFER IN A PARTITIONED

YncnoBo pocnigXxeHo Tedilo Ta Ten-
noeigaadyy nNpu nNpuUpoOAHIN KOHBEKLIi Yy
CEKLiNHIN KamMepi KBagpaTHOro nepepisy
npu HarpiBi GOKOBUX CTiHKax 3i CTanoio
TemnepaTypolo Ta agiabaTHUx BepxHix Ta
HWXKHIX CTiHKax. Po3paxyHKkn nokasanu, Lo
3i 306inbweHHaM ducen Ra koediuieHTn
TennoBigaadi CytTteBo 3pocTtaloTb. [pu
306inbLUEHHI BiACTaHi BepTUKanbHUX CTIHOK
Big, neperopoaku cepegHe ymcno NuictoT-
HO 3MEHLLYETbCS.

ENCLOSURE

YucneHo nccnenoBaHbl TeHeHWe U Ten-
JlooTAayva npm eCTeCTBEHHOM KOHBEKLUN B
CEeKLMOHHOW Kamepe KBaapaTHOro ceve-
HUS NpPU NPOrpeTbix OGOKOBbLIX CTEHKax,
VMEILWNX MOCTOSIHHYIO TemnepaTypy, U
aamabaTHbIX BEPXHEN U HMXKHEN CTeHKax.
PacuyeTbl nokaszanu, 4TO C yBENYEHMEM
yucen Ra koadduumeHTbl Tennootaayun
CyLlecTBeHHO Bo3pacTaioT. Mpu yBennye-
HMUM PACCTOSIHNS BEPTUKAJIbHBIX CTEHOK OT
neperopoakn cpegHee ymcno Nu 3Hauyum-
TeNbHO YMEHbLLAETCS.

Buoyancy driven flow and heat transfer
in a partitioned square enclosure having
differentially heated isothermal walls and
adiabatic horizontal walls were studied
numerically. The results show that as the
Rayleigh number increases heat transfer
rate increases substantially. With using a
partition between the vertical walls of the
enclosure, average Nusselt number
decreases considerable amount.
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g — gravitational acceleration;

H — enclosure height;

k — thermal conductivity;

L — enclosure width;

Nu — Nusselt number;

Pr — Prandtl number;

p — pressure;

R — residue;

Ra — Rayleigh number;

r, — thermal conductivities ratio;
r,, — partition thickness;

T — temperature;

u, v — velocity components in x, y directions;
w — partition thickness;

X, y — coordinate;

1. Introduction

Steady state laminar natural convection is an area of
interest because of its wide applications in engineering,
as comprehensively reviewed by Ostrach [1]. Previous
studies related to this subject were mainly concerned
with the nonpartitioned enclosure. Recently, the inter-
ests of researchers included the partitioned enclosures.
Ho and Yih [2] investigated steady state laminar natu-
ral convection in an air filled partitioned rectangular
enclosure numerically. They found that heat transfer
rate is significantly reduced in a partitioned enclosure
comparing with that for nonpartitioned enclosure.
Tong and Gerner [3] studied the same problem with a
thin partition. Numerical results show that placing a
partition midway between the vertical walls of an
enclosure causes the greatest reduction in heat transfer.
The results of Acharya and Tsang [4] for an inclined
enclosure with a centrally located partition reveal that
inclination angle has a strong influence on the magni-
tude of the maximum Nusselt number.

Most numerical simulations of natural convection
problems in enclosures have used low order finite dif-
ference, finite elements and finite volume methods
[2—4]. To achieve an acceptable degree of accuracy,
low order methods require the use of a large number
of grid points. On the other hand, global PDQ
method can obtain accurate numerical results with
less grid points [5—7].

The aim of the present study is to investigate
numerically steady state laminar natural convection

o — thermal diffusivity;

B — thermal coefficient of volume expansion;
vy — kinematic viscosity;

1 — outward normal variable to the surface;
p — density;

 — vorticity;

y — stream function.

Subscripts

a — average;

C — cold;

f— fluid;

H — hot;

p — partition.

Superscripts

* — dimensional quantities.

in a two dimensional partitioned square enclosure
located off-centrally using polynomial based differen-
tial quadrature (PDQ) method.

2. Analysis

The study domain is a two dimensional square
enclosure with partition as shown in Figure 1. The
thickness of the partition was taken fixed and equal to
one tenth of the width of the enclosure. The vertical
walls of the enclosure were taken at different uniform
temperature while the horizontal walls were adiabatic.
The conjugate heat transfer boundary conditions were
applied at both sides of the partition wall.

The dimensionless variables are defined as follows:

X=— = X =— v =— y, = —
L’ y L’ P s w L k kp (1)
u" v
u= sy V= )
o/L o/L
r T -T.

(P +pogy) , T=

p= _TH—TC )

o~ 2)
where #* and V" are the dimensional velocity compo-
nents, p" is the dimensional pressure, 7" is the dimen-
sional temperature, p is the fluid density and o is the
thermal diffusivity of the fluid. Thermal conductivities
of the fluid and the partition are kf and kp respectively
and rk and rw are the thermal conductivities ratio and
the dimensionless partition thickness respectively.
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Figure 1. Geometry and the coordinate system.

The flow was assumed to be two-dimensional and
laminar. The fluid was assumed to be incompressible,
with constant physical properties. The buoyancy
effect was taken into account through the Bousinesq
approximation. The viscous dissipation terms and the
thermal radiation were neglected.

Once the above assumptions are employed, the
nondimensional equations describing steady state
flow are obtained as follows:

2 2
R ()
ox~ Oy
2 2
ua—m+va—®=Pr(a (;)_'_6 (;))+RaPra—T 4
ox 0Oy ox~ Oy ox

or or o'T oT
DAL A (5)
ox oy Ox~ Oy

2 2

ox~ Oy

Appearing in equation 4 Pr = y/a is the Prandtl
number and Ra = gBL’AT"/ yo. is the Rayleigh num-
ber.

Dimensionless stream function and vorticity are
defined as follows:
BRTRN

oy ox

co:@—a—u. (7)
ox Oy

The related boundary conditions are as follows:

oT
8y x,0

oT
ay x,1

Y(x,0)=0, =0 y(x1)=0, =0 ()

v(0,»)=0, T(0,»)=1 y(1y)=0, T1y)=0 O)

oT
III(')CP_()’SFWi‘y):O ] —£ :rka_T (10)
ax x,=0,5%,.,y ax x,—0,5r,.y
oT' orT
-0, —2 =y — 11
y(x, +0,5r,,») =0, — e e (11)

Physically, there is no boundary condition for vor-
ticity. But an expression can be written from the
stream function equation as follows:

oy
E
where m is the outward normal variable to the surface.
The local Nusselt number is given by
oT
_% .

(12)

wall ==

Nu = (13)

3. Results and Discussions

Numerical simulations have been performed for
Pr = 0,71 with Ra varying from 103 to 10°, X, varying
from 0,1 to 0,5. Thermal conductivities ratio and
dimensionless partition thickness have been taken
constant (r,= 0,01, r,= 0,1). Derivatives in the equa-
tions have been discretized by PDQ method using a
nonuniform grid point distribution given below:

n

X

xl:%[l—cos(Ln)], i=0,L2,., n,

1 i .
¥ :El:l—cos(nin):|, J=0,12,., n, (14)

y

After discretization, governing equations were
solved by the successive over relaxation (SOR)
method for values of parameters taken into consid-
eration. Variations by less than 10 over all grid
points for all dependent variables were adapted as
the convergence criterion. It was found that the
minimum mesh size to get the grid independent
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Ra=10°

Figure 2. Streamlines and isotherms for x, = 0,1.
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Figure 3. Streamlines and isotherms for X, = 0,3.

solution by PDQ approach is between 20x20 to
40x40 depending on the values of Rayleigh number.
Hence, mesh sizes given above were selected in the
present study.

For the validation of numerical code, the solution
obtained for a nonpartitioned square enclosure has
been compared with the benchmark results obtained
by Vahl Davis [8]. Particularly, maximum deviation

for the average Nusselt number between the present
and Vahl Davis [8] results is 0,3%.

Streamlines and isotherms for x. = 0,1, 0,3, 0,5 are
shown in Figures 2—4. It can be observed that the flow
on either side of the partition consists of a clockwise
rotating circulation. For low Rayleigh number, the
heat transfer across the enclosure is evidently conduc-
tion dominated, as indicated by the uniformly distrib-
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Figure 4. Streamlines and isotherms for x, = 0,5.
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Figure 5. Variation of the local Nusselt number for a) x, = 0,5, b) Ra = 100000.

uted isotherms. As the circulation becomes stronger
with increasing Rayleighh number, isotherms undu-
late remarkably and thus the effect of convection is
pronounced. As x_ increases, circulation on the right
side weakens while strengthens on the left side.

The local Nusselt number along the hot surface of
the enclosure is presented in Figure 5. The decrease in
Nusselt number in the upward direction occurs due to
the gradual heating of the fluid, in contact. Besides, as
the fluid moves upward along the hot surface, a pro-
gressively increasing boundary layer thickness offers
increasing resistance to heat flow. For low values of
Rayleigh number and x,, local Nusselt number
exhibits more uniform structure because of weak con-
vection.

The variation of average Nusselt number with Ra
and X, is given in Figure 6 along with the values for
nonpartitioned case for comparison. As it is seen
from the Figures, using a partition between vertical
walls leads to a substantial reduction in average
Nusselt number especially for high values of Rayleigh
number. With increasing Rayleigh number, average
Nusselt number increases due to the strengthening
effect of circulation on convection. Average Nusselt
number decreases with increasing X, and takes its
minimum value for the case that partition in the mid-
dle of the enclosure for relatively low values of
Rayleigh number. For high Rayleigh numbers the
average Nusselt number takes its minimum value for
smaller values of X,
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Figure 6. Variation of the average Nusselt number for a) X, = 0,5, b) Ra=100000.
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Figure 7. A comparison for the average Nusselt number.

A correlation for average Nusselt number for pres-
ent configuration was given by Anderson and Bejan
[9] based on their experimental results as follows:

Nu, =0,201Ra*** (N +1)""*, (15)

The comparison of the results with correlation
given above is presented in Figure 7. As it is seen from
the Figure 8, the numerical results for average Nusselt
number are in good agreement with those of the cor-
relation given by Anderson and Bejan [9].

Conclusion

Buoyancy driven flow and heat transfer has been
investigated numerically by the PDQ method. The
computational results show that the PDQ method
can be used successfully in the numerical simulation
of the natural convection in partitioned enclosures.
For the high values of Rayleigh number, average

Nusselt number takes the higher values. With using a
partition between the vertical walls of the enclosure,
average heat transfer rate decreases considerable
amount.

REFERENCES

1. S. Ostrach, Natural convection in enclosures,
Journal of Heat Transfer, 1988, 110, 1175—1190.

2. CJ. Ho, Y.L. Yih, Conjugate natural heat
transfer in an air-filled rectangular cavity,
International Communication in Heat and Mass
Transfer, 1987, 14, 91—100.

3. T. W. Tong, F.M. Gerner, Natural convection
in partitioned air-filled rectangular enclosures,
International Communication in Heat and Mass
Transfer, 1986, 10, 99—108.

4. S. Acharya, C.H. Tsang, Natural convection in
a fully partitioned inclined enclosure, Numerical
Heat Transfer, 1985, 8, 407—428.

ISSN 0204-3602. Npom. TennotexHuka, 2006, 1. 28, Ne 1

35



TEM10- N MACCOOBMEHHBIE MPOLECCHI

5. C. Shu, Differential quadrature and its appli-
cation in engineering, Springer-Verlag 2000.

6. R.E. Belman, B.G. Kashef, J. Casti,
Differential quadrature: a technique for the rapid
solution of nonlinear partial differential equa-
tions, Journal of Computational Physics, 1972,
10, 40—52.

7.  R.E. Bellman, Methods of non-linear analysis,
Newyork Academic Press, 1973, chap. 26.

V1K 536.24
ITomkAc II., 3vioc P., IHKAYCKAC IO.

Jlumoeckuii sHepeemuuecKuli UHCMUmMym

8. de Vahl Davis, G., Natural convection in a
square cavity. International Journal of Numerical
Methods Fluids, 1983, 3, 249—264.

9. R. Anderson and A. Bejan, Heat transfer through
single and double vertical walls in natural convection:
theory and experiment, International Journal of Heat
and Mass Transfer, 1981, 24, 1611—1620.

Tloayueno 03.10.2005 e.

HECTAUMNOHAPHAA IAMWHAPHAA CMELLAHHAYA
KOHBEKUNA B BEPTUKAJIbBHOM T1JIOCKOM KAHAJIE
[P NMOMYTHbIX HAMPABJIEHUAX NMOTOKOB

MopaHo pes3ynbratu 4YMCNOBOrO
OOCNIOXEeHHS HecTauioHapHOI famMiHapHOi
3MilaHOT KOHBEKLUji Yy MI0CKOMY BEPTU-
KasbHOMY KaHani ons CynyTHUX Hanpsimis
noTokiB. Pe3ynstatn 4McnoBoro Moaersnto-
BaHHA TEMNOBIAOAYI MOPIBHAHO 3 AAHUMMU,
OoTpUMaHUMN y JINTOBCbKOMY €HepreTuy-
HOMY [HCTUTYTI, | [aloTb 3a40BifbHY
36iXKHICTb Ha MoYaTKy kaHana, To6To y 30Hi
CTiKOI naMiHapHoi Teuii.

b — mmMpurHa KaHama;

Bo — napametp tepmorpaButauuu, Bo = Grq/Re;
d, — TMIpaBIMYeCKUil nuamerp, d, = hy/(h + b);
Grq — uywncno Ipacroda 1o TEIIOBOMY ITOTOKY;

Grq:g.B. de4"1w/V2'7“§

g — YCKOpeHHe CBOOOIHOTO MaaeHMUS;

h — BBICOTa TUIOCKOTO KaHaJja;

Nu — uucno Hyccensra, Nu = ad,/A;

P — JaBJICHUC,
g — IJIOTHOCTDb TCIJIOBOTI'O ITOTOKA,

Re — yncno Peitnonbaca, Re = u,d./v;

1 —BpewMm4;

T, — cpenHeMaccoBas TeMIepaTypa;

u — Ccp€aHeMaccoBasad CKOPOCTb,

lMpencraBneHbl pe3ynbaTbl YACIEHHOIO
nccnenoBaHNa HecTauMoHapHOM namu-
HaPHO CMELLAHHON KOHBEKLVN B NMJIOCKOM
BEPTUKA/IbHOM KaHane Ajig MnonyTHbIX Ha-
npasneHnin NOTOKOB. Pe3ynbratbl YNCIEH-
HOro MOAENNPOBaHUA TENI00TAAYN CpaB-
HEHbl C 9KCNEepPVMEHTasIbHbIMU OaHHbLIMU,
nosy4eHHbIMN B JINTOBCKOM 3HepreTnyec-
KOM WHCTUTYTE, M MOKasbiBalOT XopoLlee
COBMaZleHne B Ha4vasne KaHana, T.e. B 30He
YCTOMNYMBOIrO JTAMUHAPHOIO TEYEHUS.

The results on the numerical modeling
of the unsteady laminar mixed convection
in the vertical flat channel for aiding flows
are presented in this paper. The results of
heat transfer modeling are compared to
the experimental data obtained at the
Lithuanian energy institute and show good
agreement in the region of the stable lami-
nar flow.

X — pacCTOAHMEC OT Ha4Yalia 060rpeBa;

X, Yy — JeKapTOBbl KOOPJIUHATHI;
o — K03 duLueHT Ternooriauu, o = q,/(T,, — 1p);
B — Koo puMeHT 00BEMHOTO PACIIIMPEHUSI;

A — K03 PUIIMEHT TEIUIONPOBOIHOCTH;

V — KMHEMaTU4eCKUii KO3 ULIMEHT BI3KOCTHU;

L — IMHAMUYEeCKUN KO3DOULIMEHT BA3KOCTHU.

HNupexcol

b — cpenHeMacCoBbIE;
CI — KPUTUYECKUIA;

in — Ha BXOJg;
W — Ha CTE€HKE;

X, Y — 10 KOOpAMHATaM.
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