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U√
gL
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= U
� ∗, � = L � ∗, t = LU−1t∗, p = U2p∗,

/
= g
/ ∗.
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∂x
+
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= 0,
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∂t
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∂(uu)
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+
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+
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φ( � , t)
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φ( � , t) =
1

T

∫ t+T

t

φ( � , τ)dτ , T0 << T << T1,

"
φ′( � , t)

k�&4 )"%8 G *-&( )"�,.k% )*-��d%"7�C&("%, φ( � , t)
Ti�D )"%K7&�,.':&�8+*-$%S!&D )"�"78CKX�NML�!8; #" � "��V0#&�M- )8Ak

 )"7�F0#*- F�w':&!�
φ( � , t) = φ( � , t) + φ′( � , t),
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∂ui
∂xi

= 0,
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∂ui
∂t

+
∂(uiuj)

∂xj
= − ∂p

∂xi
+

∂

∂xj
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ν
∂ui
∂xj

− u′iu
′
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σij ≈ −pδij + νDij − u′iu
′
j,
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Dij
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(
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∂xj
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κ

ε
.
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∇ · � = 0,
� ��H � �8!

∂
�
∂t

+ ∇ · ( ��� ) = −∇pe +
1

Re
∇2 � +

1

Fr2

/
+

1

Re
∇ · (νt � ),

� ��H � �!

∂κ

∂t
+ ∇ · (κ � ) =

1

Re
∇ ·
(

(1 + νt
σκ

)

∇κ
)

+
v − ε,

� ��H � ��!

∂ε

∂t
+ ∇ · (ε � ) =

1

Re
∇ ·
(

(1 + νt
σε

)

∇ε
)

+ (C1ε

v − C2εε)/Tt,
� ��H � ��!

Tt =
κ

ε
,
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νt = CµκTt.
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∂ui
∂xi

= 0,
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∂ui
∂t

+
∂(uiuj)

∂xj
= −∂pe

∂xi
+

1

Re

∂

∂xj

(

∂ui
∂xj

)

+
1

Fr2
gi +

1

Re

∂

∂xj
(νtDij) , i = 1, 2,

� ��H�� � !

∂κ

∂t
+
∂(κuj)

∂xj
=

1

Re

∂

∂xj

(

(1 + νt
σκ

) ∂κ

∂xj

)

+ νtDij
∂ui
∂xj

− ε,
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∂ε

∂t
+
∂(εuj)

∂xj
=

1

Re

∂

∂xj

(

(1 + νt
σε

) ∂ε

∂xj

)

+ (C1ενtDij
∂ui
∂xj

− C2εε)/Tt,
� ��H��
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κ

ε
,
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νt = CµκTt.
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∂x
+
∂v

∂y
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∂u

∂t
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∂x
+

1
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(

∂2u

∂x2
+
∂2u

∂y2

)

+
1

Fr2
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2
∂
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(
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∂u
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)

+
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∂y

(
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(∂u

∂y
+
∂v

∂x
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)]
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∂v

∂t
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∂y
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1
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(

∂2v

∂x2
+
∂2v

∂y2

)

+
1

Fr2
gy

+
1
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[

2
∂

∂y

(
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∂v

∂y

)

+
∂

∂x

(
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(∂u

∂y
+
∂v

∂x

)
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,
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∂κ

∂t
= CONV (κ) +

1

Re

[

∂

∂x

(

(1 + νt
σκ

)∂κ

∂x

)

+
∂

∂y

(

(1 + νt
σκ

)∂κ

∂y

)]

+P − ε,
� ��H�����!

∂ε

∂t
= CONV (ε) +

1

Re

[

∂

∂x

(

(1 + νt
σε

)∂ε

∂x

)

+
∂

∂y

(

(1 + νt
σε

)∂ε

∂y

)]

+(C1εP − C2εε)/Tt,
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Tt =
κ

ε
,

� ��H�� � !

νt = CµκTt,
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P = νt

[

2

(

∂u

∂x

)2

+ 2

(

∂v

∂y

)2

+

(

∂u

∂y
+
∂v

∂x

)2
]

,
� ��H�����!

"%, a@6#"
Cµ = 0, 09

T
C1ε = 1, 44

T
C2ε = 1, 92

T
σκ = 1, 0

"
σε = 1, 3

T
� = (∇ � ) + (∇ � )T kA&1�"%0#8C&��Z )"Y )"7bc&��+,��N$-1@"%8i,�k7 )*-&R" v
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T
(φ = u, v, κ
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CONV (u) = −
(

∂(uu)

∂x
+
∂(uv)

∂y

)

,

CONV (v) = −
(

∂(vv)

∂y
+
∂(vu)

∂x

)

,

CONV (κ) = −
(

∂(κu)

∂x
+
∂(κv)

∂y

)

,

CONV (ε) = −
(

∂(εu)

∂x
+
∂(εv)

∂y

)

.
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∂u

∂x
+
∂v

∂y
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∂u

∂t
= CONV (u) − ∂pe

∂x
+

1
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[

∂

∂y

(

∂u

∂y
− ∂v

∂x

)

+ 2
∂

∂x

(
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∂u

∂x

)
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(
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(∂u

∂y
+
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∂x

)
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+
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,
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∂v

∂t
= CONV (v) − ∂pe

∂y
− 1

Re

[

∂

∂x

(

∂u

∂y
− ∂v

∂x

)

− 2
∂

∂y

(

νt
∂v

∂y

)

− ∂

∂x

(

νt

(∂u

∂y
+
∂v

∂x

)
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+
gy
Fr2

,
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∂κ

∂t
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1

Re

[

∂

∂x

(

(1 + νt
σκ

)∂κ

∂x

)

+
∂

∂y

(

(1 + νt
σκ

)∂κ

∂y
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+P − ε,
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∂ε

∂t
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1
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∂

∂x

(

(1 + νt
σε

) ∂ε

∂x
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∂

∂y

(

(1 + νt
σε

)∂ε

∂y
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+(C1εP − C2εε)/Tt.
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∣
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∣
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ûi+ 1

2
,j 6∈ [0, 1],

10ui+ 1

2
,j − 9ui+ 1

2
,j−1

8+"
0 6 ûi+ 1
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2
,j < 1.

�
z s + � t�� �e�

ui+ 1

2
,j+ 1

2

=



















ui+ 1

2
,j

8+"
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2
,j 6 1.

�
���`z � +`�

ui+ 1

2
,j− 1

2

=



















ui+ 1

2
,j

8+"
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2
,j 6 5/6,

ui+ 1

2
,j−1

8+"
5/6 < ûi+ 1
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ū1 > 0

�

� � ���f� t �

κi+ 1

2
,j =























κi,j
8+"

κ̂i,j 6∈ [0, 1],
10κi,j − 9κi−1,j

8+"
0 6 κ̂i,j < 3/74,

1
8
(3κi+1,j + 6κi,j − κi−1,j)

8+"
3/74 6 κ̂i,j < 1/2,

1, 5κi,j − 0, 5κi−1,j

8+"
1/2 6 κ̂i,j < 2/3,

κi+1,j

8+"
2/3 6 κ̂i,j 6 1.

�
���lz � +`�

κi+ 1

2
,j =















κi,j
8+"

κ̂i,j 6∈ [0, 1],
2κi,j − κi−1,j

8+"
0 < κ̂i,j < 3/10,

1
8
(3κi+1,j + 6κi,j − κi−1,j)

8+"
3/10 6 κ̂i,j 6 5/6,

κi+1,j

8+"
5/6 < κ̂i,j < 1.

�
z s + � t � �e�

κi+ 1

2
,j =















κi,j
8C"

κ̂i,j 6∈ [0, 1],
1
4
(7κi,j − 3κi−1,j)

8C"
0 < κ̂i,j < 3/8,

1
8
(3κi+1,j + 6κi,j − κi−1,j)

8C"
3/8 6 κ̂i,j 6 3/4,

1
4
(3κi+1,j + κi,j)

8C"
3/4 < κ̂i,j < 1."%,�aB6)"

κ̂i,j =
κi,j − κi−1,j

κi+1,j − κi−1,j

.

	 �



� ����� � ��� � � � � �
	 ��� ��������� ��	���� � � �

• �5'#�C&*.V*-,��!$-1@"%8o'F�N���
κi+ 1

2
,j

TFaB6F�!0# )&
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