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ABSTRACT

This paper presents the solutions obtained for various axisymmetric thermal convection flows in a rotating
annulus. Initially, a solution is obtained for a flow whose interior structure has been observed in detail, A
comparison reveals the similarity of the experimental and computed temperature fields and shows the
discrepancy to be independent of the computational resolution. On increasing the resolution, the Nusselt
number decreases and converges to a value close to that observed. For this particular flow the rotation
rate is zero and the flow consists of a direct meridional cell with a large stagnant interior. The associated
isotherms lie horizontally in the interior such that the vertical temperature gradient is constant.

Secondly, we present solutions of five flows with a rigid surface. These flows cover a wide range of values
of the external driving parameters so that physical processes vary from predominately viscous and con-
duction diffusion to free convection transports. Despite these differences, all five flows exhibit a similar
structure, i.e., the interior flows form direct (Hadley) cells with sidewall countercurrents and the zonal
flow reverses sign near the center of the fluid. Interpolation of the Nusselt number values yields a (AT7/Q)%5
dependency. Compared to the @7 dependency of free surface flows, the rigid surface system forms the
better transporting mechanism and is less inhibited by rotation.
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1. Introduction

This paper forms the second part of a study of axi-
symmetric thermal convection of a fluid contained in a
rotating annulus. In the experiments, water is con-
tained between two coaxial cylinders which rotate about
their axis. The cylinder walls are held at constant tem-
perature and for particular rotation rates symmetrical
flow about the axis of rotation results; such flows
will be examined by obtaining numerical solutions
of the Navier-Stokes equations. In contrast to the
flows considered in Part 1, solutions will be obtained
for a series of flows which have a rigid surface. The
presence of this lid makes the physical system more
symmetrical.

The purpose of this paper is to examine the possible
species of axisymmetric flow, and the accuracy of the
numerical technique employed. For the latter purpose,
the equations are solved for a flow which has been
examined experimentally by Bowden and Eden (1965).

In certain instances, some axisymmetric flows may
be determined mainly by frictional forces and heat con-
duction (as in the so-called lower symmetric regime),
whereas in other cases, flows tend to be more convec-
tively determined (as in the upper symmetric regime).
To examine the flows under these various types of
physical processes, the 5 flows taken cover a wide range
of values in the Rossby-Taylor diagram. Axisymmetric
flow can occur for numerous parameter combinations.
In this study, only the rotation rate and temperature
differential are varied; the geometry and physical con-
stants remain unaltered throughout.

2. A comparative experiment

A solution was made for a flow, Al of Table 1, for
which observational evidence exists. Starting from a
typical initial state, described in Part 1, integrations
with grids of 11, 21 and 41 points in each direction
produced steady state flows whose integrals are shown
in Fig. 1. These integrals appear to converge to values
approximately equal to those given by the 41 grid point
scheme, The values of Ej:E,=0.9497, ¢,=0.9406 and
€= ~—0.9319 indicate the degree of steadiness, for they
are within 1 per cent of balancing. The fluid takes ap-
proximately the same length of real time, 10 min, to
achieve steadiness for all grid systems.

Similarly balanced are the Nusselt numbers of the
inner cylinder, Nu(a)=6.3273, and the outer cylinder
Nu(b)=6.3739, with a trend value of 6.35 indicated
for their mean, Ni. These values fall short of the esti-
mates of N1 given by the 11 and 21 grid point solutions,
The experimental data of Bowden and Eden (1965)
provides an estimate of the actual Nusselt number for
flow Al. Allowing for a slight difference in the width
between cylinders, b—a, the fluid depth d, temperature
differential AT, and for a possible 5 per cent systematic
error in observation, the experimental Nusselt number
lies within the range of 6.74:0.4. This value agrees
with the calculated one,

The close similarity between the detailed structure
of the temperature contours of computation and ob-
servation may be seen from Fig, 2. The observations
were made for 3 positions, i.e., at the center and 0.65
cm on either side of it, at heights of 2=0, 1,2, + - -10 cm,






