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1. Introduction. We consider the heat con-
vection equation in a time-dependent bounded
domain 2() of R® which varies periodically
with period T;.

u, + (- VYu=—Wp)/p +

" {1—a(@—TYlg+ vdu inQ,
divu =0 in .Q,
0, + (u-V)6 =46 in 0,

(2) ulogn =B, 1,0 |ro =T,>0,0l,=0
for any t € (0, ),
3) uC-,t+ T, =ul,d, 6G,t+T,) =060,
in £2(0),
where 2 = U,,.Q® X {# and 02() (the
boundary of £(#)) consists of two smooth compo-
nents, i.e. 32() = I, U I'(® , and T, is the in-
ner boundary which bounds a compact set K,
while the outer boundary I'(#) is a smooth one
with respect to both x and £ We assume that the
set K includes the origine O and £2(#) is included
in a ball B, = B(O, d/2). We put B= B,\ K.
Moreover, u = ulx, ) is the velocity vector,
p = plx, 1) is the pressure and 6 = O(x, D is
the temperature; v, £, a, 0 and g = g(x) are the
kinematic viscosity, the thermal conductivity, the
coefficient of volume expansion, the density at
6 = T, and the gravitational vector, respectively.
(Hereafter, we denote the heat convection equa-
tion by HC equation).

As for the 3-dimensional problems, we
proved the existence, uniqueness and the stabil-
ity of the periodic strong solutions in [9] and [10]
when the data are small, while Morimoto [8]
obtained the periodic weak solutions. Recently,
Inoue-Otani [6] studied and got the periodic
strong solution under their small type conditions
when the space dimention # = 2 or 3 (in time-
dependent domains). On the other hand , for the
2-dimensional cases, we obtained, in [14], a suffi-
cient condition for the existence of the periodic
strong solution in the form of a certain relation
between given data including a time period, but

not including the magnitude of & which is an ex-
tension of the boundary function B(x, £. The
purpose of the present paper is to improve the
result of our previous one [14] and to remove the
small type condition on the boundary data of the
fluid velocity. (We announced the results of this
paper in [15]).

2. Preliminaries.
tions:
(Al) For each fixed t = 0, I'(§) and I, are both
simple closed curves. Moreover, they are smooth
(of class C7) in x, t.
(A2) There exists 2(r, 7,) = {x € R*;0 < 7,
<|z| < 7} such that Q(r, r,) < () for all
t = 0. Moreover, there is 0 > 0 such that

dist(l,, {| x| = 7)) = 0 and

dist(I"'(®), {|x| = r}) = 6 for all t = 0.
(A3) ¢+ T,) =0, Ir¢+7T,) =IO
B, t+ T,) =B, D forallt = 0.
(A4) g(x is a bounded continuous vector func-
tion in R*\ K.
(A5) There exists a function b = b(x, ) of the
form b= rotc(zx, ) where ¢ = (x, ) € C® on
B X [0, ), periodic in ¢ with period T, and
blogy = B

Remark 1. By (A5), retaking c(x, O, if
necessary, it holds

f B-ndS = B-ndS = 0, where B
o ro

stands for B,\ K.

Here, we state two lemmas.

Lemma 2.1 (cf. Temam [19]). For an arbit-
rary € > 0, there exists b, = b.(x, 1) such that

b, € H*(B), divb, = 0, b,(02(®®) = B,

| (- V)b, w) | < e||[Vul} for w € HN Q).

Lemma 2.2 ((12]). For each € > 0, there ex-
ists 6, = 60.(x,t) such that 0,€ C(B) N
H*B), 6,(I) =T, 6,(r'®) =0 and | (u-V)8,|
< e|Vul foru € H(2()).

Remark 2. H“(B) and H)(B) stand for
Sobolev spaces. H,(B) and H,(B) mean sole-

First, we make assump-

and



