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τ
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√
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τ
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γ̇
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þ��	�#����� ;bþµý/� !�þ������ ü���� þ����
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�#���£ÿ#���D��þvÿ����������*I	
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γ̇c
&����,ý%þ�
��¤þjý5���

γ̇c ≡

(

τR,fd − τ0ref
Kref

)1/n

,
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?*�¤þvÿ�þ
τ0ref

���¶ý
Kref

�£ÿ�þ0���¤þ�;���� 
¤þ��³ü�$
τ0
���¶ý

K
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¤ÿ�þIýJÿ�ü��51J+ !�þ������,ü�$
�6$°übÿ#�rþ@1����������rþ��

τR,fd ≡ −[τrx(R)]fd = −

(

dp

dx

)

fd

R

2
=

∆p

Lfd

R

2
,
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R
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8'�¤þ9�����£ÿ#���D��þvÿ����������=;J�����rü	��� ��+(���%���¤ü	�
þ��5���

ηc ≡ η(γ̇c) =
τR,fd

γ̇c
.
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γ̇′ ≡
γ̇

γ̇c
, η′ ≡

η

ηc
.
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η′ =

{

r′0/γ̇
′ + (1− r′0)γ̇

′
n−1 � $

τ ′ > r′0
&

∞
ü����¤þvÿ�?*���
þ�& W)��b

?*�¤þvÿ�þ

τ ′ ≡
τ

τR,fd
,
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r′0 ≡
r0

R
=

τ0ref
τR,fd

.
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ÿ�þ���� ü��S&����¤ÿ�þvþ0!�übÿ�þ6I	
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τ ′ =
τ

τR
=

r

R
= r′ = η′γ̇′.
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γ̇′ =

(

r′ − r′0
1− r′0

)1/n
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u′ =

{

n
n+1

(1− r′0)
− 1

n

[

(1− r′0)
n+1

n − (r′ − r′0)
n+1

n

] � $
r′ > r′0

&
n

n+1
(1− r′0)

� $
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2

R2
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0

u0rdr +
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urdr

]
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1
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n

2n+ 1
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2
−

n
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3

]
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γ̇c =
u
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=

u

R
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[

1
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n
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2
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n
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∂u′

∂x′
+

1

r′
∂(r′v′)

∂r′
= 0,
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v′
∂u′

∂r′
+ u′

∂u′

∂x′
= −

∂p′

∂x′
+

2u′

Re

[

1

r′
∂

∂r′

(

η′r′
∂u′

∂r′

)

+
∂

∂x′

(

η′
∂u′

∂x′
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∂v′

∂r′
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= −
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∂

∂r′
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(η′r′v′)

)

+
∂
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&
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&
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2ρuR
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=
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(

u′R
u

)n
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u′(r′, 0) = u′, v′(r′, 0) = 0,
∂u′

∂x′
(r′, L′) = 0,

∂v′

∂x′
(r′, L′) = 0,
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