
回転澱み点流れ 

 

 

���������	
���� Navier-Stokes ������������������

 	
���!"#$%&'$(�� 	
)�*+&,-./012#3
�45���

7689:;	
�<=>
�?
�@��A+0
&� , ,u v w�?
B
�CD�E�

G�E�'�E�FHI2�%&), 

( ), 0, 2 0= = = − >u ar v w az a      (1) 

'$(!JKLM� Navier-Stokes�NO����� 

2 2 2

2 2 2

1 1
ν

ρ
 ∂ ∂ ∂ ∂ ∂ ∂

+ − = − + + − + ∂ ∂ ∂ ∂ ∂ ∂ 

u u v p u u u u
u w
r z r r r r r r z

   (2) 

2 2

2 2 2

1
ν

 ∂ ∂ ∂ ∂ ∂
+ + = + − + ∂ ∂ ∂ ∂ ∂ 

v v uv v v v v
u w
r z r r r r r z

    (3) 

2 2

2 2

1 1
ν

ρ
 ∂ ∂ ∂ ∂ ∂ ∂

+ = − + + + ∂ ∂ ∂ ∂ ∂ ∂ 

w w p w w w
u w
r z z r r r z

    (4) 

�A+0
&,PQR�ST�45#UV� 0∂ ∂ =w r XIW%&YZ���%&, 

�(4)� r�[2%&\�#]^@��_&, 

2

0
∂ ∂ ∂ ∂ ∂   = = =   ∂ ∂ ∂ ∂ ∂ ∂   

p p p

r z r z z r
      (5) 

\���`a%&�\b��CD�E��cdeX z�E#fg�=V�Vh\��i&,

kj^� 

( ) ( )
,∂

=
∂

p r z
f r

r
       (6) 

�=&,@#��(2), (3)�l@mg%&#i�^�no�]h#l@mfp�qr, 

, , , ,= = = = =
a a a a a

r z u v w
R Z U V W
r z u v w

    (7) 

tsu�l@mfp�v��wx�oyz+u a Xyr{�X|}~��v%,�(7)�

�(2)#�����%&�� 

[ ]
�

[ ]
�

[ ]
�

[ ]
�

2 2 2 2

2 2 22 2 2

1 24 3

1ν ν
ρ

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

a a a a a

a a a aa a a a

U w r U v V r p U U U r U
U W
R z u Z R r r u R R R R Zu u z u

 (8) 

�(3)#�����%&�� 



[ ]
�

[ ]
�

[ ]
�

2 2

22 2 2

1 2 3

1ν ν ∂ ∂ ∂ ∂ ∂
+ + = + − + ∂ ∂ ∂ ∂ ∂ 

a a a

a a a a a a

V w r V UV V V V r V
U W
R z u Z R r u R R R R Zz u

 

PQ�� 

0 : 0,

: , 0, 2

ω= = = =


→ ∞ = = = −

z u w v r

z u ar v w az
     (9) 

#kV�{l@mg%&, 

[ ]
�

[ ]
�

[ ]
�

5

6 7

0 : 0,

: , 0, 2

ω = = = =



 → ∞ = = = −




a

a

a a

a a

r
Z U W V R

v

ar az
Z U R V W Z

u w

    (10) 

l@mFH�� 

( )
2

2 2
, , , , , , , , , ,

ν ν ω 
=  

 

a a a a a a a

a a a a a a aa a a

w r r v r ar az
U V W f R Z

z u r u v u wz u u
   (11) 

\
]^�[1]/0[7]��l@m�#kV��|}~�����Vr, 

[4] = 1, [6] = 1�qr\�#]^� = =a a au v ar     (12) 

[3] = 1�qr\�#]^��(12)�����
ν ν

= =a
a

a

r
z

u a
   (13) 

[1] = 1�qr\�#]^��(12)(13)�����
ν

ν
⋅

= = =aa a
a

a a

a arz u
w a

r r
 (14) 

[2] � 
2

1ν ν
= ≡

a a a
r u Rear

��#�/&X\\�l��) 

[6] � 1
ν

ν
= =a

a

az a

w aa
 

[5] � 
ω ω

=a
a

r

v a
        (15) 

[7] � 1
ν

ν
= =a

a

az a

w aa
 

>0#�R = 1�q��YZ���%&,kj^��(7)�@��]h#q��+0
&, 



( ) ( ) ( ) ( ) ( ) ( ), ,
, , ,η η η η

ν ν
= = ≡ = = =

a

u r z v r z w zz a
Z z U V W
z ar ar a

 (16) 

�(16)�������(2)������&, 

( ) η
η

∂ ∂ ∂ ∂
= = + = + =

∂ ∂ ∂ ∂
u U dU

arU aU ar aU ar aU
r r r d r

 

( ) η
η η ν

∂ ∂ ∂
= = =

∂ ∂ ∂
u dU dU a

arU ar ar
z z d z d

 

( )
2

2
0

η
η

∂ ∂ ∂ ∂ ∂ ∂ = = = = = ∂ ∂ ∂ ∂ ∂ ∂ 

u u U dU
aU a a

r r r r r d r
 

1 ∂
=

∂
u aU

r r r
 

2
− = −
u aU

r r
 

2 2 2 2

2 2 2η ν ν η ν ν η

 ∂ ∂ ∂ ∂ = = = =    ∂ ∂ ∂ ∂   

u u dU a a d U a a r d U
ar ar

z z z z d d d
 

( )22
2 2− = − = −

arVv
a rV

r r
 

\
0��(2)#���� 

2 2
2 2

2

1
ν ν

η ν ρ ν η
∂

⋅ + ⋅ − = − +
∂

dU a p a r d U
arU aU a W ar a rV

d r d
 

����@��_&, 

( )
�

2
2 2

2 2

function of function of

1

η η ρ
∂

+ − − = − ≡ −
∂

����������� �����

f r

R

z r

dU d U p
U W V P

d d a r r
    (17) 

�x� z��p�i^�wx� r��p�i&/0����?
B
Xp�=�
�=0

=V,wx#v>
&l@m�CD�E�cde�@���%&, 

( )
2 2 2

1
const.

ρ ρ ρ
∂

≡ = = =
∂

p

R

kf rp
P

a r r a r a
     (18) 

\\�� pk ����i^�PQRT�7689:;	���/0��&\�X��&,

�(18)� r��2���@��]h#�c2�X r��p� z��p������ >
&

\�Xv>
&, 

( ) ( )2

2

1
,

2

∂
= ⇒ = +

∂ p p

p
k r p r z k r p z

r
     (19) 



��� pk ���&,7689:;45#U�&CD�E�NO����@��A+0
&, 

∂ ∂
+

∂ ∂
u u

u w
r z

−
v

2

1

ρ
∂

= −
∂
p

r r
 

\
#��(1)U]¡(19)������ 

1

ρ
⋅ = − par a k r   kj^

2ρ= −pk a      (20) 

l@m�cde���(18)/0 

2

2 2
1

ρ
ρ ρ

−
= = = −p

R

k a
P

a a
       (21) 

��j&,���r�E�NO���� 

2
2 2

2
1

η η
+ − = +
dU d U

U W V
d d

      (22) 

¤¢#��G�E�NO���� 

2

2
2

η η
+ =
dV d V

UV W
d d

       (23) 

j�£¥����¦K#no�]h#_0
&, 

2 0
η

+ =
dW

U
d

        (24) 

 

¥V���(4)� z �E�NO������c���&��§�#¨�
&X�}*j�#

v%, ( ) ( )2 ρ ν η=p z a P �q��� 

2

2η η η
= − +

dW dP d W
W
d d d

       (25) 

�_&,©ª«#�l@m����no�¬^�i&, 

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )2 2

, , , , ,

1
, ,

2

η η η
ν

ν η ρ ρ ν η

= = ⋅ = ⋅

= ⋅ = − + ⋅

a
z u r z ar U v r z ar V

w z a W p r z a r a P

   (26) 

 

 

 

 

 



p��j�� 

no�£W[2����®¯°=±��r, 

2 ' 0+ =U W     W���& 

2 2' 1 '' 0− − + + + =U WU V U   U���& 

2 ' '' 0− − + =UV WV V    V���& 

21
'

2
= − +P W W    P���& 

B. C.  

0 : 0,

: 1, 0

ωωη

η

= = =


→∞ =

= ≡

=

V a VU W

U V
 

=U��(10)�PQ��#UV�� : 2η η→ ∞ = −W �=&X�\
�PQ�����A

+&\����=V, 

 

p�²³#]^_0
��FHI2����ηX12#t�r=&�� 2 2η≅ − +W C �i

&�%&���(24)�´j+µ¶·>�no�]h#=&, 

( )1
0 0

0

1 1
2

ν ν ν
δ η η

∞
∞ ∞   = − = − = + =      ∫ ∫

u W
dz U d C

ar a a a
  (27) 

 

�¸�¹ 

¼º�!"���FH ωV #$%&µ¶·>��p C��»#j��&,!"���XFr

=&��µ¶·>X½r=^� ωV = 5�H�¾¿ 0�=^� ωV = 10��À����&,Á

»#���FHI2�v%,ÁÂ#��µ¶·>XÃÄ#=&��� ωV  = 5.094)�ÅÆg

�¢Ç�v%, 

 

�»  

ωV  C 

0 0.5689 

1 0.5231 

3 0.3687 

5 0.1019 

10 -0.8810 

 



η

U

0 0.4 0.8 1.2 1.6 2 2.4 2.8 3.2
0

0.25

0.5

0.75

1

1.25

1.5

1.75

2

0

1

3

5

10

η

V

0 0.5 1 1.5 2
0

1

2

3

4

5

6

7

8

9

10

1

3

5

10

η

W

0 1 2 3
-7

-6

-5

-4

-3

-2

-1

0

0

1

3

5

10

 

Á» ���� 	
�CD�E�G�E�'�EFH)�²³�¹ 

R

0.6 0.7 0.8 0.9

 

ÁÂ ���� 	
�ÅÆg�ÈÉ� Stokes	É�Ê�ÇË.FHÌÍÎ;) 


