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Abstract. Upper and lower bounds of rates of decay in time are studied for non-

stationary Navier-Stokes flows in Rn with the aid of Besov spaces in which the solutions

exist for all time. It is shown that there is a Besov space, with norm k � k, in which the

solution uðtÞ satisfies the estimate 0 < ca kuðtÞka c 0 for all tb 0 provided the initial

velocity satisfies suitable moment conditions. Our argument is then applied to the

analysis of flows with cyclic symmetry, introduced by Brandolese [3], and it is shown

that these flows decay more rapidly in space and time than proved in [3]. However, the

existence of a lower bound as mentioned above remains open for such flows.

1. Introduction and results

This paper continues the previous works [4, 8, 9, 11] on the asymptotic

behavior as t ! y of nonstationary Navier-Stokes flows u ¼ ðujÞnj¼1 in Rn,

nb 2, which are governed by the integral equation:

uðtÞ ¼ e�tAa�
ð t
0

e�ðt�sÞAP‘ � ðun uÞðsÞds; tb 0:ðIEÞ

Here, ‘ ¼ ðq1; . . . ; qnÞ, qj ¼ q=qxj, ‘ � ðun uÞ ¼ ð
P

j qjðujukÞÞ
n
k¼1; u ¼ ðujÞnj¼1 is

unknown velocity and a ¼ ðajÞnj¼1 is a given initial velocity, both of which are

required to satisfy the divergence-free condition

‘ � u ¼ 0; ‘ � a ¼ 0:

A ¼ �D is the Laplacian on Rn, e�tAa ¼ Et � a is the convolution with the heat

kernel

EtðxÞ ¼ ð4ptÞ�n=2
e�jxj2=4t;
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