
Taylor-Couette 流れの安定性 

 

����� 

����	
�������������������� !"#$%�&�'(�)*�+

,-./�012�$%3�456789:;<&:�=>$?>@��ABC"D EF>�

1�GHI*J�	KL�MN%�OPQ�R�S� EJTUV�WX�YZ[\>�]1$�

>^_]`a Ebcd1�efg�hJij�1k$JlmE1�no�p$q<Prp��s

tuvw8C"D?>@xb3yz�Y{�|,E1� 

0
∂ ∂

+ + =
∂ ∂

r r zu u u

r r z
         (1) 

2 2 2

2 2 2

1 1θ ν
ρ

 ∂ ∂ ∂ ∂ ∂ ∂ ∂
+ + − = − + + − + ∂ ∂ ∂ ∂ ∂ ∂ ∂ 

r r r r r r r
r z

uu u u p u u u u
u u

t r z r r r r r r z
   (2) 

2 2

2 2 2

1θ θ θ θ θ θ θ θν
 ∂ ∂ ∂ ∂ ∂ ∂

+ + + = + − + ∂ ∂ ∂ ∂ ∂ ∂ 
r

r z

u u u u u u u u u
u u

t r z r r r r r z
    (3) 

2 2

2 2

1 1
ν

ρ
 ∂ ∂ ∂ ∂ ∂ ∂ ∂

+ + = − + + + − ∂ ∂ ∂ ∂ ∂ ∂ ∂ 
z z z z z z

r z

u u u p u u u
u u g

t r z z r r r z
    (4) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

�� �	
�� 

 

 

 

O
1r

z

r
2r

  

1Ω

2Ω

g 



}~������ 

st���CPQ�.���b2�$%3��z��WX./�1�k�$0�S�67$%3

��OPQ�:�*�R��1�  

�OPQ�:� 

( ) ( )2 22 2
1 2 2 12 2 1 1

2 2 2 2

1 2 1 2

1
θ

Ω ΩΩ Ω −−
= − +

− −

r rr r
u r r

r r r r r
      (5) 

��V� 

( )
2

0, θρ
ρ= − +∫

u
p r z dr gz p

r
        (6) 

�:;�V$b������b3��S�67$�+����$%3�yz�Y{�|��  

( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( )

, , ' , , , , , ' , , , , , ' , , ,

, , , ' , ,

θ θ= + = =

= +

r zu r z t u r v r z t u r z t u r z t u r z t w r z t

p r z t p r z p r z t
  (7) 

�+������./%3����1$�yz�Prp�1� 

' ' '
0

∂ ∂
+ + =

∂ ∂
u u w

r r z
         (8) 

2 2

2 2 2

2 '' 1 ' ' 1 ' ' ' θν
ρ

 ∂ ∂ ∂ ∂ ∂
= − + + − + + ∂ ∂ ∂ ∂ ∂ 

u vu p u u u u

t r r r r r z r
     (9) 

2 2

2 2 2

' ' 1 ' ' '
'θ θν

 ∂ ∂ ∂ ∂  = + − + − +   ∂ ∂ ∂ ∂   

du uv v v v v
u

t r r r r z dr r
     (10) 

2 2

2 2

' 1 ' ' 1 ' '
ν

ρ
 ∂ ∂ ∂ ∂ ∂

= − + + + ∂ ∂ ∂ ∂ ∂ 

w p w w w

t z r r r z
      (11) 

kk��`a E� 01�¡¢{CPQ�O£�¤¥%3��:;�V�¦�+§��*y

z��8¨©ª�$«¬ª���@�®12�$�1�kk��a�CPQ¯��¡Z°��s�

¬¨<��¡Z±²�$�1� 

( ) ( ) ( ) ( )
( )exp

' ' ' '
= = = = +
ɶ ɶɶ ɶ

u v w p
iaz st

u r v r w r p r
      (12) 

 

��³´µ¶· 

.a¸�n¹º�*Prp�yz�Y{�]1� 

�S��:� 

( ) ( )22

2 2

1 1

1 1
θ

η µµ η
η η

−−
= +

− −
U R R

R
       (13) 

�¨©ª��§�Prp� 

0*DU ikW+ =ɶ ɶ          (14) 



( )2 2
* Re θ

Ω= − + − +ɶ ɶ ɶ ɶ
U

SU DP DD k U V
R

       (15) 

( ) ( )2

* *ReΩ θ= − −ɶ ɶ ɶSV DD k V DU U        (16) 

( )2

*= − + −ɶ ɶ ɶSW ikP D D k W         (17) 

kk��.a¸��»Y¼.a¸��yz�Y{��,E1�½|�,���¾st¿À 2r $1

2�$�1� 

( ) ( )
2 1 2 1 2 1

2

1 2 1 2
2 *2

2 1 2

, ,
, , , , , ,

1
, , , , , ,

θ
θ

Ω

Ω Ω ρνΩ

Ω Ω
η µ

ν Ω ν

= = = =

= = = = = ≡ ≡ +

ɶ ɶɶ ɶ
ɶ ɶ ɶ ɶ

u v wur p
R U U V W P

r r r

r r s d d
Re k r a S D D

r dR dR Rr

  (18) 

ÁÂÃÄ��yz�$»Z�¡1� 

( )
( )

: 0 Inner wall

1: 0 Outer wall

η = = = =


= = = =

ɶ ɶ ɶ

ɶ ɶ ɶ

R U V W

R U V W
       (19) 

Chandrasekar
[1]
�]mb��	��Å�ÆÇ��È��yz�`��.a¸�ÉÊ�1� 

( ) ( )
( )

( ) ( )
( )

42 4 2
21 1

2 22
2 2

1 1 4 1 1 44 1
4 ,

11 1
Ω

µ µ η µ µΩ µ η
κ

ν µη η

− − − − −
= = =

−− −

r
Ta Re    (20) 

kk���S = 0$%3�	��È1�kE��[\>��YZij�1`a EJ>^_]h�

¡1k$ËÌ�1�p(14)-(17)�n¹º�*Prp�ÁÂÍÎÏ�-�¡��3��Ð���Y

{]=a¸�ÑÅÒÓ�ÔÕÖxb3�×UØ*Ù�YZÚ'�%�kÊVÛÜÝ�Å$%3

®�$0�×¹] ΩRe ÞÈ]Jm�¦¨©ª��Í_�ÞÈ��k�$0��Vß�1�È

�à�áâãä$%3� HSMACÙxb��|���¿Àå η = 0.5�"�1�ÕÖæ� 201��

mE��Íçèéê���µ > 0.25�ßë���Rayleigh�ì>ÃÄím�º�\>�¡1���

	éê��Chandrasekar�éê$îï=ð%3b1���	éê�PJ�bñE�ABå�»b32

òóôbõfÜ��ö1k$$]���Chandrasekar�÷ø���ùÂ¯���]-�ùÂ¯�ú

û�¡1¯��"ü�1õfÜ��J�,E3b1ýþ�¡1�����	��mE�õfÜ��

�PJòó+,È�Í�%�k$�ÿN�¡1$¤®mE1������� µ = 08¾4stJ�

ô@���������� µ = -0.58¾4stJ�4st�¿*�¬�:��AB@��/�éê

��� 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

�Ð  ¿ÀPQ�=a¸ÑÅÒÓ�ÔÕÖ$¦���>¯æ 

 

 

|�  �	éê�å� (η = 0.5) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 本解析（201 grids） Chandrasekar
[1]

 

κ µ 臨界波数 臨界 Ta 数 波数 Ta 数 

0 1/4 6.286 15316 6.4 15332 

0.4 1/6 6.293 19518 6.4 19542 

0.6 2/17 6.299 22617 6.4 22644 

1.0 0 6.325 33062 6.4 33100 

4/3 -1/8 6.403 53210 6.4 53280 

1.6 -1/4 6.715 98520 6.4 99072 

1.8 -4/11 7.819 197715 7.8 199540 

1.9 -9/21 8.733 288761 8.6 293630 

2.0 -1/2 9.602 417734 9.6 428650 
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� 3 ¦¨©ª�8η = 0.5, µ = 0, k = 6.325@ 

 

� 4 `¯�*�\�ª���/�8η = 0.5, µ = 0, k = 6.325@ 
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� 5 ¦¨©ª�8η = 0.5, µ = -0.5, k = 9.602@ 

 

� 6 `¯�*�\�ª���/�8η = 0.5, µ = -0.5, k = 9.602@ 
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