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As described in the Introduction, the boundary conditions are

u = 0, T = Tr −∆T cos(2θ) on r = ra,
∂u

∂r
= 0,

∂v

∂r
= 0, w = 0,

∂T

∂r
= 0 on r = rb, (5)

with 2π-periodicity in the azimuthal variable ϕ.

In this paper we will investigate flows that preserve the symmetries of the model, that is,

are invariant under rotation about the polar axis (i.e. they are independent of the azimuthal

variable ϕ), and invariant under reflection across the equator (i.e. across the line defined by

θ = π/2). Therefore, we study solutions of (2) – (5) in the form

u = u(r, θ, t) = u(r, π − θ, t), v = v(r, θ, t) = v(r, π − θ, t),

w = w(r, θ, t) = w(r, π − θ, t), T = T (r, θ, t) = T (r, π − θ, t), (6)

In this context, solutions that are independent of ϕ are often called axisymmetric. The

assumed symmetries significantly simplify the analysis. We may use the analysis of the

symmetric system as a starting point for an analysis of the full system. Although it is not

written explicitly, the solutions also depend on the parameters.

If we scale the radial coordinate as

r → Rr′, (7)

where R = rb − ra is the gap width, write

T → T ′ + Tr −∆T cos(2π), (8)

substitute into (2) – (4), and drop the primes, we obtain the following equations describing

the evolution of the fluid velocity u = w(r, θ, t)er+v(r, θ, t)eθ+u(r, θ, t)eϕ, pressure deviation

p = p(r, θ, t) and temperature deviation T = T (r, θ, t):
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(9)

∂v

∂t
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r2 sin2 θ
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ρ0Rr
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∂θ

−
(
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)
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R
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(10)
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R
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(u ·∇0) w − 1
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(11)

∂T

∂t
= κs∇2
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+

2

r
w +

1
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∂v

∂θ
+
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r sin θ
v = 0 (13)


