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Numerical Study of Natural Convection in a Rectangular Enclosure with
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ABSTRACT

The influence on natural convection was studied by solving the partial differential
equations within a rectangular enclosure which have a cooling strip at the right side
wall of the space, a isothermally heated bottom plate and adiabatic two other walls.

Computation was carried out for the range of Grashof number from 5%103%to
2.5%10°with Plandtl number of 0.73. The results have been obtained in cases of four
aspect ratios and various strip sizes.

Temperature and Stream function distributions have been plotted using explicit
finite difference method in two dimensional, laminar flow, and also mean Nusselt
number and Local Nusselt number have been obtained.

NOMENCLATURE T. : temperature of the cold wall
| | T, : mean temperature,T =(T,+T,)/2
g . gravitational acceleration Cp : specific heat at constant pressure
, o \ . Db . pressure
Gr .' Grashof number, g8 H*(T, - T)A? P dimensionless pressure
h . heat transfer coefficient 0 density
H . height of enclosure 8 . coefficient of thermal expansion *
L - length of cold wall Ynax . maximum dimensionless stream
Nu, : local Nusselt number at the hot | function
wall
Nu : mean Nusselt number | 1. #& %
Pr  : Prandtl number | |
S . distance of center of cold wall RS 7o ErEAEAolA WA Ak
from bottom plate ) )
W . width of enclosure S HBHE w BaAsET BEE L o3 Efﬁ
~u,v : fluid velocities Wik BHS KBS S8, RESRE,BEEHT
U,V . dimensionless velocities (thermal insulation), ETFES =i, &E&
X,Y : dirr;en.sionless (cizp(;l;dlnate MEE T 2 oy A BEASS] o2 TE )
X, . cartesian coordinate ]
T’ . femperature of fluid A ERE S EEG mEe Hgelth B ol
Tx : temperature of the hot wall 2] 3l HEAE RS BRAENA A3 HEZ)
RURp—— | E/AMBOZ EE Y BIEQ Hikel o &
-+ EGA: AT G 7] A 33 3 gfFHE ok |

Solar Energy Vol. Na 2 3 1986.11 54



J.O.Wilkes &} S.W.Churchill?’ & LT
F Huo] Ei#olx -9 F HuFoA g
of mEE s o E wo] BHE = BHEMAKR #H
=HENe BARE I Prandtl 5 0.73
#1, £89& 1~3, Grashof & 6850~
10° 0 2 3l BER FHECE 92 HEJ
el &R T -HTE Rz G.S.
Shiralkar ¢ C.L. Tien*’ & &3u 2 10
Lk Aol dste] FXAHO R ¢35k,
Nu=0.35Ra ®** Pr®2?%gl= 4]& qojyy
oo, R.K. Mcgregor ¢4 A.F. Emery®
= D}OE%P Grashof 2} Prandtl 5~ =& ¥
BHg =S BRI vaskd Asigled, S,
Klmaraﬂl- A.Bejan?’ & 9 3 Hoz o
A3 Bwo] WMAS 2 ot & S HeE WHH
He A5 wAA0RE o3ty ch

A 5 Mo ﬁiﬁwl 5 o] A L of
Pl o] g = 2492 M.R.Samuels$ S.
W.Churchill®’ o —f;:i];ﬂ o2 A3 o,

H.H.S.Chu$® C.V.S. Pattersons’% i
BEO] —fnlo] s = A Fdd g8 AL
2 473tges, B.1.Turner® R.D.Flack”
2 KES —#te] AHE = F9F HRMHOE
o F8h5 o}, |

A& PN vl S SBms, AHE —

BE FESPS, VoA BT Bzl glA
KBRS A SESHRY 37 2 MBS
- #{eA7l 3, Prandtl & 0.73,Grashof ®E

5 X10° ~ 2.5 X 10°, ##kes 0.5~ 27

B o FEASRINCAY KERR T &g

ERRT BEMRTmeE g oh

R

2-1. UG 2 EZEAHAEX

TR} A He PRk 2 BFAE Figds
oo oiefo] fRE W}l Navier-Stokes FHi2
A Energy ARALT AYstd ZEFTRAL

55

HARE e AY U e AddFol oY 43 d4

4 =t

1) wAlY WEe =k o] o,
2) "WHl TN WEM HEE SR BE

g Asla= —Eshl #Fs of, (Boussinesq

approximation)

3) HAd AT, KME% 2 FFAENE T
A g}, -
eE = &% B—3

| | .
U p ey g e 2By (25 4
at X Y X
9211
................................................ (1)
9y2
2
T . U . Yy
ot ox 5y p 3y Y
)+ gB(T-To) (2)
oT | aT k o T 92T
5t T u';x—+ ay p+Cp C ax? t aYzj
...................................................... (3)
°u 4 R ()
ax oy

471 A, To = (Ty + T) ol e

Insulated Wall |

V& B A AV N NI F gy A A Ny )

™™

~ ¥ ]
e -
= 5
o
- .
-y
8 .
~ay

= W

™™, ™ ™™™,
-
i ————
i
U

oy TR, T

/ Hot Wall (Ts)

W

-
\-—
l i

X

Fig. 1. Coordinate system and Thermal boundary
conditions of a rectangular enclosure.
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Fig. 2. Streamlines for various cold wall locations.

(L/H = 0.4, W/H = 1.0, Gr = 2.5 x 10°)
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