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Abstract : In this paper, we have derived a priori estimates which are required to discuss the temporal 

behavior of the spatially spherosymmetric solution to the 3-dimensional compressible Burgers equation.
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1.  Presentation of the problem

The final settlement of the time-global problem of the solution for the compressible Navier-Stokes 

equations,

1.1  

as yet, seems to be too far for us to attain. Here  is the density,  is the velocity vector, 

 is the absolute temperature,  is the heat conductivity,  is the 

 is the gas constant,  

is the constipatim function.  In addition, ,  and   are positive constants.

model system of 1.1  which has the following form,

1.2  

We call the system of equations 1.2  ” 3-dimensional compressible Burgers equations”.

Hereafter, we consider the initial-boundary value problem for 1.2  in ,  where

   and  with given conditions,



1.2  

The notations used are conventional e.g. 1 , so that we do not make any particular comment on them, 

unless necessity arises.  

Without proof see 1  and 2 , we state

Theorem 1.1.  There exists a unique solution  which belongs to

Moreover, noting the properties of  and   and  have form

1.3  

where  and  satisfy

1.3

1.3

Here we note that  is positive, being expressed as

1.4  

with  

1.4

and with 

1.4

We note that
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1.5  

Hereafter, we shall discuss the problem 1.2 1.2  mainly from a stand point of blowup or non-

blowup, while we make in the following sections the Assumption A  :

Besides 

2.  Fundamental lemmas

We prepare some lemmas in order to discuss our problem.

Lemma 2.1.  Let another condition on  be added to 1.2 , i.e.,

2.1  

and let for some  satisfy 1.2 1.2 it 

holds that

2.2  

Proof.     If  takes its positive maximum value at  then it holds that

2.3  

which is a contradiction. On the other hand, if  takes its negative minimum value at

  then it holds that

2.3

which is a contradiction. Thus, by 1.2 2.1 , 2.3  and 2.3

From Lemma 2.1 follows that, if blow-up occurs in 1.2 1.2 1.3 1.2

in   In order to consider this, we introduce 

2.4

2.5  



2.5  

where  is the same as in Lemma 2.1.

Lemma 2.2.  Let  be non-negative and the premise be the same as in Lemma2.1. Then  is non-

negative.

Proof.    If  takes its negative minimum value at then

2.6  

Remark 2.1.    Assumption A  guarantees the existence of  which is equal to

Lemma 2.3.    Let  satisfy 2.5 2.5 '. Then =  

following equation :

2.7  

2.7

Proof. 2.5  and suitably substituting  into the resulting equation, 

we have 2.7

Lemma 2.4.    Let  be as in the lemma above, yet with additional conditions on , i.e.,

2.8  

Then we have

2.9  

Proof.  by  where  is a constant such that   

Then 

2.10
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and

2.10

If  takes its positive maximum at  then

2.11  

which is a contradiction, and if  takes its negative minimum at  then

2.11

which is a contradiction. Hence, we have an inequality  obtaining 2.9

Remark 2.2.    We note that there holds a relation

2.12  

which follows from the behavior of  in the equality 2.5  near 

2.12

i.e.

2.12

The equality 2.12  does not take its negative minimum at

2.12 . 

Now, let  be as in the preceding lemmas. Here, we express 1.3 1.3 ' by the - characteristic 

coordinates  in the following way : 

2.13  

2.13

In the same way, 2.5 2.5 ' are expressed as below :



2.14  

2.14

From 2.14 2.14 , we have

2.15  

Lemma 2.5.    For  in 2.13 , we have

2.16  

where

2.16

Proof.    We note that

2.17  

By integration in  we have

2.17

 

Nextly, by integration in  over  it holds that

2.17

 

By  we obtain

2.17

from which comes 2.16
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Lemma 2.6.    The estimate 

2.18  

holds, where

2.18

Proof.    From 

2.19  

is obtained.  Hence, from Lemma 2.5 and 2.19 , we have the equality

2.20  

 

Because of Lemma 2.4,  and 2.15  Consequently, 

we obtain 

2.21  

  

Lemma 2.7.     is expressed as below :

2.22  

where  is such that

2.22

from which follows an easy estimation of 

Proof.



Lemma 2.8.    Let  be as in Theorem 1.1. Then, it holds that

2.23  

Proof.    We put 

2.24  

Taking account of 1.3 1.3 ', we have a relation

2.25  

  

from which comes an equality

2.25

where we remark that

2.25

By the maximum value principle,  takes its minimum value at  Therefore, on the basis 

of its non-positivity, it holds that

2.26  

which is equivalent to 2.23
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