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Buoyant Convection in a Cylinder with Azimuthally-varying
Sidewall Temperature
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Abstract

A numerical investigation is made of three-dimensional buoyant convection of a Boussinesq-fluid in a
vertical cylinder. The top and bottom endwalls are thermally insulated. Flow is driven by the substantial
azimuthal variations in thermal boundary conditions. Comprehensive numerical solutions to the Navier-
Stokes equations are obtained. The representative Rayleigh number is large, thus, the overall flow pattern is of
boundary layer-type. Three-dimensional flow characteristics are described. Specially, the global flow and the
heat transfer features are delineated when the severity of azimuthal variation of sidewall temperature, n, is
intensified. Temperature and velocity fields on the meridional planes and the planes of constant height are
presented. The global flow weakens as n becomes large. The pattern of the local Nusselt number on the
surface of cylinder is similar regardless of n. The convective gain in heat transfer activities is reduced as n

increases.
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Fig.1 Flow configuration and coordinates
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Fig.2 Perspective views of isotherms

A B /5& £ o AA3] Agr] Y5
Fig3ol 3712 o& wWU9zbe]l did oW
(meridional plane)’yol A9 5243 £x¥HE 4
ok A7IM M7tA e 7,8 EEsE

(principal pane)| X ¢=0°, T, & EHEE F

gt

=

e
oo

ul

il
N

g

(meutral plane)©l] A] ¢=_”_
2n

ol A ¢=§o1c}. oA A7

b
rin

2

O
=
o
oft
-

P

[e]

Asst Fodo. FAL
=¥ s F2 3717 #a
ol it @A FE53
FRAANY BASHEE

MR 6]'
AN e dswEol TolME

_E-&Olﬂ‘é
o X

_1[)1£ i

- —,_"II&

S 2o 2



©)

Fig.3 Temperature (upper row) and velocity (lower
row) fields on the meridional planes. (a) principal
meridional plane of ¢$=0°, (T,=T,), (b) neutal meridional
plane for T,=T,, (c) principal meridional plane (T,=T,).
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Fig. 4 Temperature (8) and velocity fields on planes
of constant height. U, V denote horizontal velocities, and
W the vertical velocity. (a) n=1, (b) n=2, (c) n=3.
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Fig.5 Local Nusselt number on the cylindrical surface.

(a) n=1, (b) n=2, (c) n=3.
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Fig.6. (a) Local Nusselt number variation with height
No symbol; n=1, 0 ; n=2, A ; n=3.
(b) convective heat transfer gain G.
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