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M�+ ���	
��� $�	
����	� � � � � � � � � � � � � � � � � � � � � � � � HH+
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N�I �����
��� $����	� /��������	 �
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8�K )��� ������� � /����	 � � � � � � � � � � � � � � � � � � � � � � IIK
8�+ )��� ������� ;������� 0��� � � � � � � � � � � � � � � � � � � � IKM
8�M )��� ������� � ������ $�����	 � � � � � � � � � � � � � � � � � IMK
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Screen

1.201.001.001.001.35
5 Velocity profiles

C01-C03

C04+C05 (S=0)

62 Electrodes
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5 Velocity profiles
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5 Velocity profiles

62 Electrodes
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6 Velocity profiles

A07-A09

������ ���	 07���
���	
� ��	I�� ��� ���
�� 5 �
	� ���
	
��� �� �����
	�
���6����

3"� ' %� 2� %� 2� � ��� "�
	�� _RW _ Æ$W _�U�%�W _ Æ$W _�U�%�W _RW _%?��W _%�?�W
8PN +�J+ HI�H P�LLLM HH�P H�PP+H K�++O P�P+ML P�PPPMP
8PO +�J+ HP�K P�LLLN HH�O H�PPKL K�HPM P�P+HI P�PPPJK
8PL +�J+ HP�M P�LLLM HH�P H�PPMN +�MM+ P�PJPJ P�PPPNH

����� ���	 07���
���	
� �
�
��	��� 5 ���
���

IMN



0 1 2 3 4

u [cm/s]

k [cm
2
/s
2
] / c

s
 [%]

z [cm]

-2  0  2  4  6  8 10 12 14
 0

10

20

30

40

50

60

70

80

��� �B*�� ���

0 1 2 3 4

u [cm/s]

k [cm
2
/s
2
] / c

s
 [%]

z [cm]

-2  0  2  4  6  8 10 12 14
 0

10

20

30

40

50

60

70

80

��� �B��� ���

0 1 2 3 4

u [cm/s]

k [cm
2
/s
2
] / c

s
 [%]

z [cm]

-2  0  2  4  6  8 10 12 14
 0

10

20

30

40

50

60

70

80

��� �B,�� ���

0 1 2 3 4

u [cm/s]

k [cm
2
/s
2
] / c

s
 [%]

z [cm]

-2  0  2  4  6  8 10 12 14
 0

10

20

30

40

50

60

70

80

��� �BF�� ���

0 1 2 3 4

u [cm/s]

k [cm
2
/s
2
] / c

s
 [%]

z [cm]

-2  0  2  4  6  8 10 12 14
 0

10

20

30

40

50

60

70

80

��� �B1�� ���

0 1 2 3 4

u [cm/s]

k [cm
2
/s
2
] / c

s
 [%]

z [cm]

-2  0  2  4  6  8 10 12 14
 0

10

20

30

40

50

60

70

80

��� �B>*� ���

������ ��
	 =��	
�
� ���6��� �� �����	�� �����
	� � ����
� �
��� ��
�
����� �����
	� ������� �����	�� ������	�
	
�� �� ��
����
�
��� 
�� 	��!����	 "
��	
� ������ � ��
�����		�� �
��� ��
�7���
���	 5�3�

IMO



;
��
��
��


��
��
��

$
��
��
��


��
��
��

�

�

*

�
�
�
�

*
�
�
�

*
�
�
�
?*

�

*

*
�
�
�

*
�
�
�
?*

�
�

$
�

	�
�
W

_�
�
W

_�
�
U�
W
_�
�
W
_�
�
U�
W

	�
�

_�
�
W

_�
�
U�
W

_�
�
U�
W

	�
�

_R
W

	�
�

HI
P

J�
NH

+�
JO

H�
OH

J�
++

H�
KO

J�
PI
6�
HP
7

+�
OM
6�
+7

N�
PO
6�
HP
7
H�
+J
6�
J7
H�
+M
O

P�
MP

II
P

J�
ON

+�
NI

H�
OH

J�
OI

H�
++

O�
PK
6�
HN
7

+�
++
6�
J7

J�
MN
6�
+7

H�
+O
6�
I7
P�
LP
K

P�
+L

KI
P

L�
+K

+�
PJ

I�
+H

J�
IP

H�
MK

L�
LN
6�
J7

+�
HM
6�
I7

J�
PJ
6�
I7

H�
+J
6�
+7
P�
JI
J

P�
+O

+I
P

HP
�N
O

K�
JI

H�
OH

M�
+M

H�
MH

HH
�N
H
6�
L7

K�
L+
6�
L7

M�
OJ
6�
O7

H�
+L
6�
H7
P�
+N
J

P�
+O

MI
P

HI
�+
O

K�
MO

K�
PI

M�
H+

H�
++

HK
�+
M
6�
O7

K�
NO
6�
J7

M�
JP
6�
L7

H�
+O
6�
K7
P�
KN
N

P�
+N

JH
P

HJ
�K
O

I�
LM

I�
+H

+�
JN

H�
MO

H+
�O
O
6�
L7
K�
JN
6�
I+
7
M�
KM
6�
HM
7
H�
+J
6�
O7
P�
KH
L

P�
+N

�
�
��
�
�
�

	
&
��
�

�

�
��
��
�
�

��
��
�

�
�
��
�
�
�
	�
�

�
	�
��

�
�

��
��
��
�
�7
�
��

�
��
	
5
�3
�

IML



1
0

2
0

3
0

4
0

5
0

6
0

7
0

8
0

9
0

1
0
0

1
1
0

1
2
0

1
3
0

1
4
0

1
5
0

1
6
0

1
7
0

x [cm]t [s]  →

m
b
 [mg/cm

2
] d

b
 [mm]

 - 100 200 300 400 500 600

10
1

10
2

10
3

0.15

1.50

15.0

��� 8�
����� �����	
�� �� �����
	
���

1
0

2
0

3
0

4
0

5
0

6
0

7
0

8
0

9
0

1
0
0

1
1
0

1
2
0

1
3
0

1
4
0

1
5
0

1
6
0

1
7
0

x [cm]t [s]  →

 - 100 200 300 400 500 600

10
1

10
2

10
3

0.15

1.50

15.0

��� &����	�� �����	
�� �� �����
	
���

������ ���	 &���
�
��� �� ��
����� 
�� �����	�� �����	
�� �� 	��
���
���	 �����
	
�� 
� �7���
���	 5�3�

IJP



x [cm]

m
b
 [mg/cm

2
] d

b
 [mm]

 - 100 200 300 400 500 600

10
1

10
2

10
3

d
16

d
50

d
84

0.15

1.50

15.0

������ ���	 �����
	
�� 	�
�"���� �� 	���� ��

� �
��� ��� ��� 
�� ���

	 	�� ��� �� �7���
���	 5�3 ��B*3� ���

IJH



0 1 2 3 4

u [cm/s]

k [cm
2
/s
2
] / c

s
 [%]

z [cm]

-2  0  2  4  6  8 10 12 14
 0

10

20

30

40

50

60

70

80

��� �B*�� ���

0 1 2 3 4

u [cm/s]

k [cm
2
/s
2
] / c

s
 [%]

z [cm]

-2  0  2  4  6  8 10 12 14
 0

10

20

30

40

50

60

70

80

��� �B��� ���

0 1 2 3 4

u [cm/s]

k [cm
2
/s
2
] / c

s
 [%]

z [cm]

-2  0  2  4  6  8 10 12 14
 0

10

20

30

40

50

60

70

80

��� �B,�� ���

0 1 2 3 4

u [cm/s]

k [cm
2
/s
2
] / c

s
 [%]

z [cm]

-2  0  2  4  6  8 10 12 14
 0

10

20

30

40

50

60

70

80

��� �BF�� ���

0 1 2 3 4

u [cm/s]

k [cm
2
/s
2
] / c

s
 [%]

z [cm]

-2  0  2  4  6  8 10 12 14
 0

10

20

30

40

50

60

70

80

��� �B1�� ���

0 1 2 3 4

u [cm/s]

k [cm
2
/s
2
] / c

s
 [%]

z [cm]

-2  0  2  4  6  8 10 12 14
 0

10

20

30

40

50

60

70

80

��� �B>*� ���

������ ��
	 =��	
�
� ���6��� �� �����	�� �����
	� � ����
� �
��� ��
�
����� �����
	� ������� �����	�� ������	�
	
�� �� ��
����
�
��� 
�� 	��!����	 "
��	
� ������ � ��
�����		�� �
��� ��
�7���
���	 5�@�

IJI



;
��
��
��


��
��
��

$
��
��
��


��
��
��

�

�

*

�
�
�
�

*
�
�
�

*
�
�
�
?*

�

*

*
�
�
�

*
�
�
�
?*

�
�

$
�

	�
�
W

_�
�
W

_�
�
U�
W
_�
�
W
_�
�
U�
W

	�
�

_�
�
W

_�
�
U�
W

_�
�
U�
W

	�
�

_R
W

	�
�

HI
P

O�
+K

M�
+K

I�
+H

N�
ML

H�
+P

J�
MO
6�
II
7

M�
IL
6�
K7

N�
+J
6�
I7

H�
+H
6�
H7
H�
MH
I

P�
+N

II
P

L�
+M

M�
HN

H�
OH

N�
NM

H�
MP

O�
MI
6�
HP
7

+�
LH
6�
M7

N�
HI
6�
O7

H�
+M
6�
K7
P�
LO
N

P�
+J

KI
P

HH
�K
N

+�
MH

I�
+H

N�
HL

H�
ML

HP
�+
+
6�
O7

+�
JH
6�
I7

J�
NL
6�
J7

H�
+N
6�
O7
P�
NP
P

P�
+J

+I
P

HI
�P
O

+�
MI

I�
+H

J�
LL

H�
MM

HI
�P
K
6�
P7

+�
KL
6�
K7

J�
+L
6�
N7

H�
+O
6�
+7
P�
MM
P

P�
+J

MI
P

HI
�L
I

+�
H+

H�
OH

J�
IP

H�
MP

HK
�O
K
6�
N7

+�
IH
6�
I7

J�
HO
6�
P7

H�
+N
6�
I7
P�
+K
O

P�
+M

JH
P

HM
�H
H

K�
JJ

H�
OH

M�
+N

H�
+L

HM
�+
I
6�
I7
+�
PO
6�
HH
7
M�
LL
6�
HP
7
H�
+N
6�
I7
P�
KJ
O

P�
+M

�
�
��
�
�
��
	
&
��
�

�

�
��
��
�
�

��
��
�

�
�
��
�
�
�
	�
�

�
	�
��

�
��

�
�

�
�
�

7

�
�
�
�

��
��
��
�
�7
�
��

�
��
	
5
�@
�

IJK



3
0

4
0

5
0

6
0

7
0

8
0

9
0

1
0
0

1
1
0

1
2
0

1
3
0

1
4
0

1
5
0

1
6
0

1
7
0

x [cm]t [s]  →

m
b
 [mg/cm

2
] d

b
 [mm]

 - 100 200 300 400 500 600

10
1

10
2

10
3

0.15

1.50

15.0

��� 8�
����� �����	
�� �� �����
	
���

1
0

2
0

3
0

4
0

5
0

6
0

7
0

8
0

9
0

1
0
0

1
1
0

1
2
0

1
3
0

1
4
0

1
5
0

1
6
0

1
7
0

x [cm]t [s]  →

 - 100 200 300 400 500 600

10
1

10
2

10
3

0.15

1.50

15.0

��� &����	�� �����	
�� �� �����
	
���

������ ���	 &���
�
��� �� ��
����� 
�� �����	�� �����	
�� �� 	��
���
���	 �����
	
�� 
� �7���
���	 5�@�

IJ+



x [cm]

m
b
 [mg/cm

2
] d

b
 [mm]

 - 100 200 300 400 500 600

10
1

10
2

10
3

d
16

d
50

d
84

0.15

1.50

15.0

������ ���	 �����
	
�� 	�
�"���� �� 	���� ��

� �
��� ��� ��� 
�� ���

	 	�� ��� �� �7���
���	 5�@ ��B*3� ���

IJM



0 1 2 3 4

u [cm/s]

k [cm
2
/s
2
] / c

s
 [%]

z [cm]

-2  0  2  4  6  8 10 12 14
 0

10

20

30

40

50

60

70

80

��� �B*�� ���

0 1 2 3 4

u [cm/s]

k [cm
2
/s
2
] / c

s
 [%]

z [cm]

-2  0  2  4  6  8 10 12 14
 0

10

20

30

40

50

60

70

80

��� �B��� ���

0 1 2 3 4

u [cm/s]

k [cm
2
/s
2
] / c

s
 [%]

z [cm]

-2  0  2  4  6  8 10 12 14
 0

10

20

30

40

50

60

70

80

��� �B,�� ��

0 1 2 3 4

u [cm/s]

k [cm
2
/s
2
] / c

s
 [%]

z [cm]

-2  0  2  4  6  8 10 12 14
 0

10

20

30

40

50

60

70

80

��� �BF�� ���

0 1 2 3 4

u [cm/s]

k [cm
2
/s
2
] / c

s
 [%]

z [cm]

-2  0  2  4  6  8 10 12 14
 0

10

20

30

40

50

60

70

80

��� �B1�� ���

0 1 2 3 4

u [cm/s]

k [cm
2
/s
2
] / c

s
 [%]

z [cm]

-2  0  2  4  6  8 10 12 14
 0

10

20

30

40

50

60

70

80

��� �B>*� ���

������ ���	 =��	
�
� ���6��� �� �����	�� �����
	� � ����
� �
��� ��
�
����� �����
	� ������� �����	�� ������	�
	
�� �� ��
����
�
��� 
�� 	��!����	 "
��	
� ������ � ��
�����		�� �
��� ��
�7���
���	 5�+�

IJJ



;
��
��
��


��
��
��

$
��
��
��


��
��
��

�

�

*

�
�
�
�

*
�
�
�

*
�
�
�
?*

�

*

*
�
�
�

*
�
�
�
?*

�
�

$
�

	�
�
W

_�
�
W

_�
�
U�
W
_�
�
W
_�
�
U�
W

	�
�

_�
�
W

_�
�
U�
W

_�
�
U�
W

	�
�

_R
W

	�
�

HI
P

O�
PL

J�
+M

I�
+H

O�
LJ

H�
KL

J�
HI
6�
I+
7
J�
KO
6�
H7
O�
LO
6�
P7

H�
+H
6�
H7
I�
KH
H

P�
+J

II
P

O�
+N

J�
IM

H�
OH

L�
HH

H�
+J

N�
LH
6�
N7

M�
LN
6�
+7
O�
N+
6�
+7

H�
+J
6�
P7
H�
M+
+

P�
+M

KI
P

L�
LN

M�
+O

H�
OH

O�
KO

H�
MK

L�
JJ
6�
K7

M�
J+
6�
K7
O�
IH
6�
I7
H�
+J
6�
M7
H�
HH
L

P�
+M

+I
P

HH
�I
+

M�
IO

H�
OH

O�
KP

H�
MN

HH
�H
L
6�
P7

M�
KL
6�
I7
N�
LO
6�
+7
H�
+O
6�
J7
P�
OO
P

P�
+M

MI
P

HH
�L
M

M�
HH

I�
+H

N�
+N

H�
+J

HI
�L
P
6�
O7

M�
HL
6�
I7
N�
N+
6�
+7

H�
+L
6�
I7
P�
JL
L

P�
++

JH
P

HK
�O
I

+�
NL

I�
+H

J�
OI

H�
+I

H+
�I
N
6�
K7

M�
P+
6�
M7
N�
+I
6�
L7

H�
+N
6�
K7
P�
ML
M

P�
++

�
�
��
�
�
��
	
&
��
�

�

�
��
��
�
�

��
��
�

�
�
��
�
�
�
	�
�

�
	�
��

�
��

�
�

�
�
�

7

�
�
�
�

��
��
��
�
�7
�
��

�
��
	
5
�+
�

IJN



1
0

2
0

3
0

4
0

5
0

6
0

7
0

8
0

9
0

1
0
0

1
1
0

1
2
0

1
3
0

1
4
0

x [cm]t [s]  →

 - 100 200 300 400 500 600

10
1

10
2

10
3

0.15

1.50

15.0

������ ���	 &����	�� �����
	
�� �����	
�� �� �7���
���	 5�+�

x [cm]

m
b
 [mg/cm

2
] d

b
 [mm]

 - 100 200 300 400 500 600

10
1

10
2

10
3

d
16

d
50

d
84

0.15

1.50

15.0

������ ����	 �����
	
�� 	�
�"���� �� 	���� ��

� �
��� ��� ��� 
�� ���

	 	�� ��� �� �7���
���	 5�+ ��B*F� ���

IJO



(�� "#�$ ���� �
 ������#�

5.00

Solid
Obstacle

1.201.001.003.00
4 Velocity profiles

B05

B03 (S=0)

6.86

������ ����	 07���
���	
� ��	I�� ��� ���
�� ? �
	� ���
	
��� �� �����
	�
���6����

3"� ' %� 2� %� 2� � ��� "�
	�� _RW _ Æ$W _�U�%�W _ Æ$W _�U�%�W _RW _%?��W _%�?�W
�PK  HH�L P�LLLN HK�K H�PPKP I�+KI P�PKIK P�PPPNH
�PM +�J+ HH�J P�LLLJ HK�J H�PPKI I�JKN P�PKMP P�PPPOK

����� ��
	 07���
���	
� �
�
��	��� ? ���
���

IJL



0 1 2 3 4

u [cm/s]

k [cm
2
/s
2
] / c

s
 [%]

z [cm]

-2  0  2  4  6  8 10 12 14
 0

10

20

30

40

50

60

70

80

��� �B*�� ���

0 1 2 3 4

u [cm/s]

k [cm
2
/s
2
] / c

s
 [%]

z [cm]

-2  0  2  4  6  8 10 12 14
 0

10

20

30

40

50

60

70

80

��� �B��� ���

0 1 2 3 4

u [cm/s]

k [cm
2
/s
2
] / c

s
 [%]

z [cm]

-2  0  2  4  6  8 10 12 14
 0

10

20

30

40

50

60

70

80

��� �B,�� ���

0 1 2 3 4

u [cm/s]

k [cm
2
/s
2
] / c

s
 [%]

z [cm]

-2  0  2  4  6  8 10 12 14
 0

10

20

30

40

50

60

70

80

��� �B>�� ���

������ ���
	 =��	
�
� ���6��� �� �����	�� �����
	� � ����
� �
��� ��
�
����� �����
	� ������� �����	�� ������	�
	
�� �� ��
����
�
��� 
�� 	��!����	 "
��	
� ������ � ��
�����		�� �
��� ��
�7���
���	 ?�,�

INP



;
��
��
��


��
��
��

$
��
��
��


��
��
��

�

�

*

�
�
�
�

*
�
�
�

*
�
�
�
?*

�

*

*
�
�
�

*
�
�
�
?*

�
�

$
�

	�
�
W

_�
�
W

_�
�
U�
W
_�
�
W
_�
�
U�
W

	�
�

_�
�
W

_�
�
U�
W

_�
�
U�
W

	�
�

_R
W

	�
�

HI
P

L�
IN

K�
N+

K�
PO

+�
LH

H�
KH

O�
II
6�
HH
7

K�
LO
6�
J7

M�
+K
6�
HH
7

H�
KJ
6�
+7

H�
+O
J

H�
PI

II
P

L�
OI

+�
HM

I�
+J

M�
MJ

H�
K+

L�
O+
6�
P7

K�
MP
6�
HJ
7

M�
PM
6�
L7

H�
++
6�
O7

H�
PO
N

H�
HJ

KI
P

HH
�J
O

K�
MM

I�
+J

M�
PM

H�
+I

HP
�L
+
6�
J7

K�
HO
6�
HP
7

+�
JM
6�
O7

H�
+J
6�
K7

P�
OH
L

H�
HO

JI
P

IH
�I
+

H�
+K

I�
+J

I�
IM

H�
MN

KM
�K
J
6�
JJ
7
P�
NK
6�
+L
7
H�
MI
6�
KI
7
I�
PO
6�
KI
7
P�
P+
I

K�
JL

�
�
��
�
�
��
	
&
��
�

�

�
��
��
�
�

��
��
�

�
�
��
�
�
�
	�
�

�
	�
��

�
��

�
�

�
�
�

7

�
�
�
�

��
��
��
�
�7
�
��

�
��
	
?
�,
�

INH



O
b
st
a
c
le

∆t
 [
1
0
 s
] 
 →

x [cm]

m
b
 [mg/cm

2
] d

b
 [mm]

 - 100 200 300 400 500 600

10
1

10
2

10
3

0.15

1.50

15.0

��� 8�
����� �����	
�� �� �����
	
���

O
b
st
a
c
le

∆t
 [
1
0
 s
] 
 →

x [cm]

m
b
 [mg/cm

2
] d

b
 [mm]

 - 100 200 300 400 500 600

10
1

10
2

10
3

0.15

1.50

15.0

��� &����	�� �����	
�� �� �����
	
���

������ ����	 &���
�
��� �� ��
����� 
�� �����	�� �����	
�� �� 	��
���
���	 �����
	
�� 
� �7���
���	 ?�,�

INI



x [cm]

m
b
 [mg/cm

2
] d

b
 [mm]

 - 100 200 300 400 500 600

10
1

10
2

10
3

d
16

d
50

d
84

0.15

1.50

15.0

������ ����	 �����
	
�� 	�
�"���� �� 	���� ��

� �
��� ��� ��� 
�� ���

	 	�� ��� �� �7���
���	 ?�, ��B1F� ���

INK



0 1 2 3 4

u [cm/s]

k [cm
2
/s
2
] / c

s
 [%]

z [cm]

-2  0  2  4  6  8 10 12 14
 0

10

20

30

40

50

60

70

80

��� �B*�� ���

0 1 2 3 4

u [cm/s]

k [cm
2
/s
2
] / c

s
 [%]

z [cm]

-2  0  2  4  6  8 10 12 14
 0

10

20

30

40

50

60

70

80

��� �B��� ���

0 1 2 3 4

u [cm/s]

k [cm
2
/s
2
] / c

s
 [%]

z [cm]

-2  0  2  4  6  8 10 12 14
 0

10

20

30

40

50

60

70

80

��� �B,�� ���

0 1 2 3 4

u [cm/s]

k [cm
2
/s
2
] / c

s
 [%]

z [cm]

-2  0  2  4  6  8 10 12 14
 0

10

20

30

40

50

60

70

80

��� �B>�� ���

������ ���
	 =��	
�
� ���6��� �� �����	�� �����
	� � ����
� �
��� ��
�
����� �����
	� ������� �����	�� ������	�
	
�� �� ��
����
�
��� 
�� 	��!����	 "
��	
� ������ � ��
�����		�� �
��� ��
�7���
���	 ?�1�

IN+



;
��
��
��


��
��
��

$
��
��
��


��
��
��

�

�

*

�
�
�
�

*
�
�
�

*
�
�
�
?*

�

*

*
�
�
�

*
�
�
�
?*

�
�

$
�

	�
�
W

_�
�
W

_�
�
U�
W
_�
�
W
_�
�
U�
W

	�
�

_�
�
W

_�
�
U�
W

_�
�
U�
W

	�
�

_R
W

	�
�

HI
P

N�
OJ

M�
LI

I�
+H

N�
LI

H�
K+

N�
JL
6�
I7

M�
NN
6�
K7

O�
HI
6�
K7

H�
+H
6�
M7
H�
++
+

P�
++

II
P

L�
HN

M�
LK

I�
+H

O�
+M

H�
+I

L�
MP
6�
+7

M�
+J
6�
O7

O�
PP
6�
M7

H�
+N
6�
K7
H�
PI
P

P�
+K

KI
P

L�
+N

M�
JL

H�
OH

O�
KO

H�
+N

HH
�K
K
6�
IP
7

M�
HN
6�
L7

N�
JN
6�
O7

H�
+O
6�
H7
P�
NJ
M

P�
+K

JI
P

H+
�P
P

K�
JL

K�
JI

M�
IJ

H�
+K

HK
�N
I
6�
I7

+�
IL
6�
HJ
7
J�
KJ
6�
IH
7
H�
+O
6�
+7
P�
K+
L

P�
K+

�
�
��
�
�
��
	
&
��
�

�

�
��
��
�
�

��
��
�

�
�
��
�
�
�
	�
�

�
	�
��

�
��

�
�

�
�
�

7

�
�
�
�

��
��
��
�
�7
�
��

�
��
	
?
�1
�

INM



O
b
st
a
c
le

∆t
 [
1
0
 s
] 
 →

x [cm]

m
b
 [mg/cm

2
] d

b
 [mm]

 - 100 200 300 400 500 600

10
1

10
2

10
3

0.15

1.50

15.0

��� 8�
����� �����	
�� �� �����
	
���

O
b
st
a
c
le

∆t
 [
1
0
 s
] 
 →

x [cm]

m
b
 [mg/cm

2
] d

b
 [mm]

 - 100 200 300 400 500 600

10
1

10
2

10
3

0.15

1.50

15.0

��� &����	�� �����	
�� �� �����
	
���

������ ����	 &���
�
��� �� ��
����� 
�� �����	�� �����	
�� �� 	��
���
���	 �����
	
�� 
� �7���
���	 ?�1�

INJ



x [cm]

m
b
 [mg/cm

2
] d

b
 [mm]

 - 100 200 300 400 500 600

10
1

10
2

10
3

d
16

d
50

d
84

0.15

1.50

15.0

������ ����	 �����
	
�� 	�
�"���� �� 	���� ��

� �
��� ��� ��� 
�� ���

	 	�� ��� �� �7���
���	 ?�1 ��B,>� ���

INN



INO



(�� "#�$ � ���� � 
����


5.05

Screen

1.201.001.001.001.35
5 Velocity profiles

C03

C04 (S=0)

6.85

������ ����	 07���
���	
� ��	I�� ��� ���
�� & �
	� ���
	
��� �� �����
	�
���6����

3"� ' %� 2� %� 2� � ��� "�
	�� _RW _ Æ$W _�U�%�W _ Æ$W _�U�%�W _RW _%?��W _%�?�W
$PK +�J+ HH�I P�LLLM HP�M H�PP+P K�ILI P�P+KO P�PPPJO
$P+  HP�L P�LLLN HH�P H�PPKK I�JJO P�PKM+ P�PPPJM

����� ���	 07���
���	
� �
�
��	��� & ���
���

INL



0 1 2 3 4

u [cm/s]

k [cm
2
/s
2
] / c

s
 [%]

z [cm]

-2  0  2  4  6  8 10 12 14
 0

10

20

30

40

50

60

70

80

��� �B*�� ���

0 1 2 3 4

u [cm/s]

k [cm
2
/s
2
] / c

s
 [%]

z [cm]

-2  0  2  4  6  8 10 12 14
 0

10

20

30

40

50

60

70

80

��� �B��� ���

0 1 2 3 4

u [cm/s]

k [cm
2
/s
2
] / c

s
 [%]

z [cm]

-2  0  2  4  6  8 10 12 14
 0

10

20

30

40

50

60

70

80

��� �B,�� ���

0 1 2 3 4

u [cm/s]

k [cm
2
/s
2
] / c

s
 [%]

z [cm]

-2  0  2  4  6  8 10 12 14
 0

10

20

30

40

50

60

70

80

��� �BF�� ���

0 1 2 3 4

u [cm/s]

k [cm
2
/s
2
] / c

s
 [%]

z [cm]

-2  0  2  4  6  8 10 12 14
 0

10

20

30

40

50

60

70

80

��� �B111 ���

������ ����	 =��	
�
� ���6��� �� �����	�� �����
	� � ����
� �
��� ��
�
����� �����
	� ������� �����	�� ������	�
	
�� �� ��
����
�
��� 
�� 	��!����	 "
��	
� ������ � ��
�����		�� �
��� ��
�7���
���	 &�,�

IOP



;
��
��
��


��
��
��

$
��
��
��


��
��
��

�

�

*

�
�
�
�

*
�
�
�

*
�
�
�
?*

�

*

*
�
�
�

*
�
�
�
?*

�
�

$
�

	�
�
W

_�
�
W

_�
�
U�
W
_�
�
W
_�
�
U�
W

	�
�

_�
�
W

_�
�
U�
W

_�
�
U�
W

	�
�

_R
W

	�
�

HI
P

N�
HP

M�
KN

H�
OH

N�
KL

H�
KO

J�
MO
6�
N7

M�
JJ
6�
M7

O�
PP
6�
O7

H�
+H
6�
K7
H�
JJ
N

P�
+M

II
P

N�
OP

M�
KL

H�
OH

N�
NI

H�
+K

O�
++
6�
O7

M�
IO
6�
I7

N�
ON
6�
I7

H�
+L
6�
+7
H�
HH
H

P�
+M

KI
P

O�
NJ

M�
PM

H�
OH

N�
NH

H�
MK

HP
�I
H
6�
HN
7

+�
LJ
6�
I7

N�
KN
6�
+7
H�
+L
6�
K7
P�
OH
H

P�
+M

+I
P

O�
KM

+�
+K

H�
OH

J�
KO

H�
++

HH
�H
P
6�
KK
7

+�
NP
6�
J7

J�
JP
6�
K7
H�
+P
6�
I7
P�
JL
H

P�
+J

MM
M

HH
�J
N

K�
PN

K�
PI

+�
II

H�
KN

HP
�I
L
6�
HI
7
K�
KL
6�
HP
7
+�
++
6�
M7
H�
KH
6�
M7
P�
MK
L

P�
J+

�
�
��
�
�
��
	
&
��
�

�

�
��
��
�
�

��
��
�

�
�
��
�
�
�
	�
�

�
	�
��

�
��

�
�

�
�
�

7

�
�
�
�

��
��
��
�
�7
�
��

�
��
	
&
�,
�

IOH



S
c
re
e
n

∆t
 [
1
0
 s
] 
 →

x [cm]

m
b
 [mg/cm

2
] d

b
 [mm]

 - 100 200 300 400 500 600

10
1

10
2

10
3

0.15

1.50

15.0

��� 8�
����� �����	
�� �� �����
	
���

S
c
re
e
n

∆t
 [
1
0
 s
] 
 →

x [cm]

m
b
 [mg/cm

2
] d

b
 [mm]

 - 100 200 300 400 500 600

10
1

10
2

10
3

0.15

1.50

15.0

��� &����	�� �����	
�� �� �����
	
���

������ ��
�	 &���
�
��� �� ��
����� 
�� �����	�� �����	
�� �� 	��
���
���	 �����
	
�� 
� �7���
���	 &�,�

IOI



x [cm]

m
b
 [mg/cm

2
] d

b
 [mm]

 - 100 200 300 400 500 600

10
1

10
2

10
3

d
16

d
50

d
84

0.15

1.50

15.0

������ ��
�	 �����
	
�� 	�
�"���� �� 	���� ��

� �
��� ��� ��� 
�� ���

	 	�� ��� �� �7���
���	 &�, ��B1�� ���

IOK



0 1 2 3 4

u [cm/s]

k [cm
2
/s
2
] / c

s
 [%]

z [cm]

-2  0  2  4  6  8 10 12 14
 0

10

20

30

40

50

60

70

80

��� �B*�� ���

0 1 2 3 4

u [cm/s]

k [cm
2
/s
2
] / c

s
 [%]

z [cm]

-2  0  2  4  6  8 10 12 14
 0

10

20

30

40

50

60

70

80

��� �B��� ���

0 1 2 3 4

u [cm/s]

k [cm
2
/s
2
] / c

s
 [%]

z [cm]

-2  0  2  4  6  8 10 12 14
 0

10

20

30

40

50

60

70

80

��� �B,�� ���

0 1 2 3 4

u [cm/s]

k [cm
2
/s
2
] / c

s
 [%]

z [cm]

-2  0  2  4  6  8 10 12 14
 0

10

20

30

40

50

60

70

80

��� �BF�� ���

0 1 2 3 4

u [cm/s]

k [cm
2
/s
2
] / c

s
 [%]

z [cm]

-2  0  2  4  6  8 10 12 14
 0

10

20

30

40

50

60

70

80

��� �B111 ���

������ ��

	 =��	
�
� ���6��� �� �����	�� �����
	� � ����
� �
��� ��
�
����� �����
	� ������� �����	�� ������	�
	
�� �� ��
����
�
��� 
�� 	��!����	 "
��	
� ������ � ��
�����		�� �
��� ��
�7���
���	 &�F�

IO+



;
��
��
��


��
��
��

$
��
��
��


��
��
��

�

�

*

�
�
�
�

*
�
�
�

*
�
�
�
?*

�

*

*
�
�
�

*
�
�
�
?*

�
�

$
�

	�
�
W

_�
�
W

_�
�
U�
W
_�
�
W
_�
�
U�
W

	�
�

_�
�
W

_�
�
U�
W

_�
�
U�
W

	�
�

_R
W

	�
�

HI
P

N�
LJ

+�
MJ

I�
MP

J�
PL

H�
K+

N�
JO
6�
+7

K�
LH
6�
H+
7
M�
KP
6�
HK
7

H�
KJ
6�
H7

H�
MN
L

H�
PM

II
P

O�
JM

+�
KN

I�
MP

J�
HP

H�
+P

L�
+I
6�
L7

K�
+H
6�
II
7
+�
NI
6�
IK
7

H�
KO
6�
H7

H�
HH
+

H�
IP

KI
P

HP
�H
O

K�
LH

I�
MP

M�
JJ

H�
+M

HP
�N
J
6�
J7
K�
PH
6�
IK
7
+�
KM
6�
IK
7

H�
+M
6�
P7

P�
NN
H

H�
II

+I
P

HH
�+
P

K�
+L

I�
MP

M�
IK

H�
MP

HH
�I
+
6�
H7
I�
NK
6�
II
7
K�
LL
6�
I+
7

H�
+J
6�
I7

P�
JI
N

H�
IM

MM
M

HI
�J
K

I�
PH

I�
MP

K�
IJ

H�
JI

L�
KL
6�
IJ
7
H�
J+
6�
HO
7
I�
HM
6�
K+
7
H�
KH
6�
HL
7
P�
+I
L

H�
LL

�
�
��
�
�
��
�
	
&
��
�

�

�
��
��
�
�

��
��
�

�
�
��
�
�
�
	�
�

�
	�
��

�
��

�
�

�
�
�

7

�
�
�
�

��
��
��
�
�7
�
��

�
��
	
&
�F
�

IOM



S
c
re
e
n

∆t
 [
1
0
 s
] 
 →

x [cm]

m
b
 [mg/cm

2
] d

b
 [mm]

 - 100 200 300 400 500 600

10
1

10
2

10
3

0.15

1.50

15.0

��� 8�
����� �����	
�� �� �����
	
���

S
c
re
e
n

∆t
 [
1
0
 s
] 
 →

x [cm]

m
b
 [mg/cm

2
] d

b
 [mm]

 - 100 200 300 400 500 600

10
1

10
2

10
3

0.15

1.50

15.0

��� &����	�� �����	
�� �� �����
	
���

������ ��
�	 &���
�
��� �� ��
����� 
�� �����	�� �����	
�� �� 	��
���
���	 �����
	
�� 
� �7���
���	 &�F�

IOJ



x [cm]

m
b
 [mg/cm

2
] d

b
 [mm]

 - 100 200 300 400 500 600

10
1

10
2

10
3

d
16

d
50

d
84

0.15

1.50

15.0

������ ��
�	 �����
	
�� 	�
�"���� �� 	���� ��

� �
��� ��� ��� 
�� ���

	 	�� ��� �� �7���
���	 &�F ��B1@� ���

ION



IOO



(�% "#�$ ������ � &�� �	.����

5.15

Injection
nozzle

1.201.001.001.000.950.95

5 Velocity profiles

6.85

D04/E01

D02/E03 (S=0)

������ ��

	 07���
���	
� ��	I�� ��� ���
�� � 
�� 0 �
	� ���
	
��� ��
�����
	� ���6����

3"� ' %� 2� %� 2� � ��� "�
	�� _RW _ Æ$W _�U�%�W _ Æ$W _�U�%�W _RW _%?��W _%�?�W
#PI  HI�J P�LLL+ HH�I H�PPKI I�NJM P�PKJO P�PPPNK
#P+ +�J+ HI�+ P�LLLM HH�L H�PPKK I�OHO P�PKNM P�PPPOH
3PH +�J+ HK�J P�LLLI HI�I H�PPKK I�LLP P�PKLL P�PPPNO
3PK  HK�K P�LLL+ HI�J H�PPKK I�OLP P�PKOM P�PPPNI

����� ����	 07���
���	
� �
�
��	��� � 
�� 0 ���
���

IOL



0 1 2 3 4

u [cm/s]

k [cm
2
/s
2
] / c

s
 [%]

z [cm]

-2  0  2  4  6  8 10 12 14
 0

10

20

30

40

50

60

70

80

��� �B*�� ���

0 1 2 3 4

u [cm/s]

k [cm
2
/s
2
] / c

s
 [%]

z [cm]

-2  0  2  4  6  8 10 12 14
 0

10

20

30

40

50

60

70

80

��� �B��� ���

0 1 2 3 4

u [cm/s]

k [cm
2
/s
2
] / c

s
 [%]

z [cm]

-2  0  2  4  6  8 10 12 14
 0

10

20

30

40

50

60

70

80

��� �B,�� ���

0 1 2 3 4

u [cm/s]

k [cm
2
/s
2
] / c

s
 [%]

z [cm]

-2  0  2  4  6  8 10 12 14
 0

10

20

30

40

50

60

70

80

��� �BF�� ���

0 1 2 3 4

u [cm/s]

k [cm
2
/s
2
] / c

s
 [%]

z [cm]

-2  0  2  4  6  8 10 12 14
 0

10

20

30

40

50

60

70

80

��� �B>*� ���

������ ��
�	 =��	
�
� ���6��� �� �����	�� �����
	� � ����
� �
��� ��
�
����� �����
	� ������� �����	�� ������	�
	
�� �� ��
����
�
��� 
�� 	��!����	 "
��	
� ������ � ��
�����		�� �
��� ��
�7���
���	 &���

ILP



;
��
��
��


��
��
��

$
��
��
��


��
��
��

�

�

*

�
�
�
�

*
�
�
�

*
�
�
�
?*

�

*

*
�
�
�

*
�
�
�
?*

�
�

$
�

	�
�
W

_�
�
W

_�
�
U�
W
_�
�
W
_�
�
U�
W

	�
�

_�
�
W

_�
�
U�
W

_�
�
U�
W

	�
�

_R
W

	�
�

HI
P

N�
LH

M�
PH

H�
ON

J�
JM

H�
KK

O�
PO
6�
I7

+�
HL
6�
HJ
7
M�
NK
6�
H+
7

H�
KN
6�
K7

H�
NP
H

H�
P+

II
P

O�
OM

+�
L+

I�
MP

J�
JL

H�
KM

L�
N+
6�
HP
7

K�
JL
6�
IM
7
M�
KK
6�
IP
7

H�
++
6�
N7

H�
IM
I

H�
HL

KI
P

L�
NI

+�
OJ

K�
HI

J�
NJ

H�
KL

HH
�K
L
6�
HN
7
K�
KP
6�
KI
7
+�
LH
6�
IN
7

H�
+L
6�
N7

P�
LI
O

H�
IL

+I
P

L�
+I

+�
L+

I�
MP

J�
O+

H�
KO

	�

�

I�
JL
6�
+J
7
+�
JP
6�
KK
7
H�
NH
6�
I+
7
P�
JH
P

H�
LH

JH
P

HN
�K
K

I�
JJ

+�
KN

K�
+H

H�
IO

HK
�P
M
6�
IM
7

K�
HH
6�
HN
7
+�
KO
6�
IO
7
H�
+H
6�
HP
7
P�
+O
J

P�
ON

�
�
��
�
�
��


	
&
��
�

�

�
��
��
�
�

��
��
�

�
�
��
�
�
�
	�
�

�
	�
��

�
��

�
�

�
�
�

7

�
�
�
�

��
��
��
�
�7
�
��

�
��
	
�
��
�

ILH



D
if
fu
se
r

∆t
 [
1
0
 s
] 
 →

x [cm]

m
b
 [mg/cm

2
] d

b
 [mm]

 - 100 200 300 400 500 600

10
1

10
2

10
3

0.15

1.50

15.0

��� 8�
����� �����	
�� �� �����
	
���

D
if
fu
se
r

∆t
 [
1
0
 s
] 
 →

x [cm]

m
b
 [mg/cm

2
] d

b
 [mm]

 - 100 200 300 400 500 600

10
1

10
2

10
3

0.15

1.50

15.0

��� &����	�� �����	
�� �� �����
	
���

������ ��
�	 &���
�
��� �� ��
����� 
�� �����	�� �����	
�� �� 	��
���
���	 �����
	
�� 
� �7���
���	 ��� �
	� ��� 	������

 �������

ILI



x [cm]

m
b
 [mg/cm

2
] d

b
 [mm]

 - 100 200 300 400 500 600

10
1

10
2

10
3

d
16

d
50

d
84

0.15

1.50

15.0

������ ��
�	 �����
	
�� 	�
�"���� �� 	���� ��

� �
��� ��� ��� 
�� ���

	 	�� ��� �� �7���
���	 ��� ��B1,� ���

ILK



0 1 2 3 4

u [cm/s]

k [cm
2
/s
2
] / c

s
 [%]

z [cm]

-2  0  2  4  6  8 10 12 14
 0

10

20

30

40

50

60

70

80

��� �B*�� ���

0 1 2 3 4

u [cm/s]

k [cm
2
/s
2
] / c

s
 [%]

z [cm]

-2  0  2  4  6  8 10 12 14
 0

10

20

30

40

50

60

70

80

��� �B��� ���

0 1 2 3 4

u [cm/s]

k [cm
2
/s
2
] / c

s
 [%]

z [cm]

-2  0  2  4  6  8 10 12 14
 0

10

20

30

40

50

60

70

80

��� �B,�� ���

0 1 2 3 4

u [cm/s]

k [cm
2
/s
2
] / c

s
 [%]

z [cm]

-2  0  2  4  6  8 10 12 14
 0

10

20

30

40

50

60

70

80

��� �BF�� ���

0 1 2 3 4

u [cm/s]

k [cm
2
/s
2
] / c

s
 [%]

z [cm]

-2  0  2  4  6  8 10 12 14
 0

10

20

30

40

50

60

70

80

��� �B>*� ���

������ ��
�	 =��	
�
� ���6��� �� �����	�� �����
	� � ����
� �
��� ��
�
����� �����
	� ������� �����	�� ������	�
	
�� �� ��
����
�
��� 
�� 	��!����	 "
��	
� ������ � ��
�����		�� �
��� ��
�7���
���	 ��F�

IL+



;
��
��
��


��
��
��

$
��
��
��


��
��
��

�

�

*

�
�
�
�

*
�
�
�

*
�
�
�
?*

�

*

*
�
�
�

*
�
�
�
?*

�
�

$
�

	�
�
W

_�
�
W

_�
�
U�
W
_�
�
W
_�
�
U�
W

	�
�

_�
�
W

_�
�
U�
W

_�
�
U�
W

	�
�

_R
W

	�
�

HI
P

N�
ML

J�
+M

I�
+M

O�
NI

H�
KM

N�
MJ
6�
P7

M�
OI
6�
HP
7

O�
IP
6�
J7

H�
+H
6�
+7
H�
MH
J

P�
+M

II
P

O�
MJ

M�
LN

I�
+M

O�
+M

H�
+I

L�
KJ
6�
L7

M�
MI
6�
O7

O�
HP
6�
+7

H�
+N
6�
+7
H�
PJ
+

P�
+K

KI
P

L�
HP

M�
LL

H�
O+

O�
OK

H�
+N

HH
�I
N
6�
I+
7
M�
IH
6�
HK
7
N�
NN
6�
HI
7
H�
+L
6�
H7
P�
NL
H

P�
++

+I
P

HP
�+
L

M�
IH

H�
O+

N�
LH

H�
MI

HK
�P
P
6�
I+
7

+�
LJ
6�
M7

N�
+H
6�
J7

H�
+L
6�
I7
P�
JH
O

P�
+K

JH
P

H+
�M
H

K�
++

+�
IL

+�
KI

H�
IJ

HN
�M
L
6�
IH
7
+�
MK
6�
KI
7

J�
HM
6�
+I
7
H�
KJ
6�
O7
P�
+K
H

P�
+L

�
�
��
�
�
��
�
	
&
��
�

�

�
��
��
�
�

��
��
�

�
�
��
�
�
�
	�
�

�
	�
��

�
��

�
�

�
�
�

7

�
�
�
�

��
��
��
�
�7
�
��

�
��
	
�
�F
�

ILM



D
if
fu
se
r

∆t
 [
1
0
 s
] 
 →

x [cm]

m
b
 [mg/cm

2
] d

b
 [mm]

 - 100 200 300 400 500 600

10
1

10
2

10
3

0.15

1.50

15.0

��� 8�
����� �����	
�� �� �����
	
���

D
if
fu
se
r

∆t
 [
1
0
 s
] 
 →

x [cm]

m
b
 [mg/cm

2
] d

b
 [mm]

 - 100 200 300 400 500 600

10
1

10
2

10
3

0.15

1.50

15.0

��� &����	�� �����	
�� �� �����
	
���

������ ����	 &���
�
��� �� ��
����� 
�� �����	�� �����	
�� �� 	��
���
���	 �����
	
�� 
� �7���
���	 ��F�

ILJ



x [cm]

m
b
 [mg/cm

2
] d

b
 [mm]

 - 100 200 300 400 500 600

10
1

10
2

10
3

d
16

d
50

d
84

0.15

1.50

15.0

������ ����	 �����
	
�� 	�
�"���� �� 	���� ��

� �
��� ��� ��� 
�� ���

	 	�� ��� �� �7���
���	 ��F ��BF1� ���

ILN



0 1 2 3 4

u [cm/s]

k [cm
2
/s
2
] / c

s
 [%]

z [cm]

-2  0  2  4  6  8 10 12 14
 0

10

20

30

40

50

60

70

80

��� �B*�� ���

0 1 2 3 4

u [cm/s]

k [cm
2
/s
2
] / c

s
 [%]

z [cm]

-2  0  2  4  6  8 10 12 14
 0

10

20

30

40

50

60

70

80

��� �B��� ���

0 1 2 3 4

u [cm/s]

k [cm
2
/s
2
] / c

s
 [%]

z [cm]

-2  0  2  4  6  8 10 12 14
 0

10

20

30

40

50

60

70

80

��� �B,�� ���

0 1 2 3 4

u [cm/s]

k [cm
2
/s
2
] / c

s
 [%]

z [cm]

-2  0  2  4  6  8 10 12 14
 0

10

20

30

40

50

60

70

80

��� �BF�� ���

0 1 2 3 4

u [cm/s]

k [cm
2
/s
2
] / c

s
 [%]

z [cm]

-2  0  2  4  6  8 10 12 14
 0

10

20

30

40

50

60

70

80

��� �B>*� ���

������ ���
	 =��	
�
� ���6��� �� �����	�� �����
	� � ����
� �
��� ��
�
����� �����
	� ������� �����	�� ������	�
	
�� �� ��
����
�
��� 
�� 	��!����	 "
��	
� ������ � ��
�����		�� �
��� ��
�7���
���	 0�*�

ILO



;
��
��
��


��
��
��

$
��
��
��


��
��
��

�

�

*

�
�
�
�

*
�
�
�

*
�
�
�
?*

�

*

*
�
�
�

*
�
�
�
?*

�
�

$
�

	�
�
W

_�
�
W

_�
�
U�
W
_�
�
W
_�
�
U�
W

	�
�

_�
�
W

_�
�
U�
W

_�
�
U�
W

	�
�

_R
W

	�
�

HI
P

N�
N+

M�
OM

H�
O+

O�
P+

H�
KN

N�
IO
6�
J7

M�
OK
6�
P7

O�
IK
6�
I7

H�
+H
6�
K7

H�
MO
N

P�
+M

II
P

L�
PL

M�
+I

I�
+M

O�
PH

H�
+O

L�
HK
6�
P7

M�
MP
6�
H7

O�
PK
6�
P7

H�
+J
6�
H7

H�
HP
I

P�
++

KI
P

L�
MK

M�
IL

H�
O+

N�
LM

H�
MP

HH
�P
I
6�
HJ
7

M�
HO
6�
I7

N�
NK
6�
K7

H�
+L
6�
H7

P�
OH
+

P�
+M

+I
P

L�
MO

+�
JI

I�
+M

J�
JP

H�
+K

HN
�I
K
6�
OP
7

+�
+P
6�
M7

N�
+M
6�
HK
7
H�
JL
6�
HL
7
P�
MM
H

P�
JM

JH
P

IH
�P
P

K�
HL

I�
+M

+�
PJ

H�
IN

HN
�P
N
6�
HL
7
+�
KI
6�
KM
7
M�
LN
6�
+N
7

H�
KO
6�
L7

P�
KI
+

P�
+P

�
�
��
�
�
��
�
	
&
��
�

�

�
��
��
�
�

��
��
�

�
�
��
�
�
�
	�
�

�
	�
��

�
��

�
�

�
�
�

7

�
�
�
�

��
��
��
�
�7
�
��

�
��
	
0
�*
�

ILL



D
if
fu
se
r

∆t
 [
1
0
 s
] 
 →

x [cm]

m
b
 [mg/cm

2
] d

b
 [mm]

 - 100 200 300 400 500 600

10
1

10
2

10
3

0.15

1.50

15.0

��� 8�
����� �����	
�� �� �����
	
���

D
if
fu
se
r

∆t
 [
1
0
 s
] 
 →

x [cm]

m
b
 [mg/cm

2
] d

b
 [mm]

 - 100 200 300 400 500 600

10
1

10
2

10
3

0.15

1.50

15.0

��� &����	�� �����	
�� �� �����
	
���

������ ����	 &���
�
��� �� ��
����� 
�� �����	�� �����	
�� �� 	��
���
���	 �����
	
�� 
� �7���
���	 0�*�

KPP



x [cm]

m
b
 [mg/cm

2
] d

b
 [mm]

 - 100 200 300 400 500 600

10
1

10
2

10
3

d
16

d
50

d
84

0.15

1.50

15.0

������ ����	 �����
	
�� 	�
�"���� �� 	���� ��

� �
��� ��� ��� 
�� ���

	 	�� ��� �� �7���
���	 0�* ��BF�� ���

KPH



0 1 2 3 4

u [cm/s]

k [cm
2
/s
2
] / c

s
 [%]

z [cm]

-2  0  2  4  6  8 10 12 14
 0

10

20

30

40

50

60

70

80

��� �B*�� ���

0 1 2 3 4

u [cm/s]

k [cm
2
/s
2
] / c

s
 [%]

z [cm]

-2  0  2  4  6  8 10 12 14
 0

10

20

30

40

50

60

70

80

��� �B��� ���

0 1 2 3 4

u [cm/s]

k [cm
2
/s
2
] / c

s
 [%]

z [cm]

-2  0  2  4  6  8 10 12 14
 0

10

20

30

40

50

60

70

80

��� �B,�� ���

0 1 2 3 4

u [cm/s]

k [cm
2
/s
2
] / c

s
 [%]

z [cm]

-2  0  2  4  6  8 10 12 14
 0

10

20

30

40

50

60

70

80

��� �B>*� ���

������ ���
	 =��	
�
� ���6��� �� �����	�� �����
	� � ����
� �
��� ��
�
����� �����
	� ������� �����	�� ������	�
	
�� �� ��
����
�
��� 
�� 	��!����	 "
��	
� ������ � ��
�����		�� �
��� ��
�7���
���	 0�,�

KPI



;
��
��
��


��
��
��

$
��
��
��


��
��
��

�

�

*

�
�
�
�

*
�
�
�

*
�
�
�
?*

�

*

*
�
�
�

*
�
�
�
?*

�
�

$
�

	�
�
W

_�
�
W

_�
�
U�
W
_�
�
W
_�
�
U�
W

	�
�

_�
�
W

_�
�
U�
W

_�
�
U�
W

	�
�

_R
W

	�
�

HI
P

O�
OO

+�
MN

I�
MP

M�
L+

H�
KP

N�
LI
6�
HH
7

+�
IH
6�
O7

M�
NJ
6�
K7

H�
KN
6�
M7

H�
NN
M

H�
PJ

II
P

O�
JN

+�
LI

H�
ON

J�
MH

H�
KI

L�
JP
6�
HH
7

K�
JL
6�
IM
7
M�
KH
6�
HO
7

H�
++
6�
L7

H�
KP
P

H�
II

KI
P

L�
HN

+�
+N

I�
MP

J�
PH

H�
K+

H+
�M
N
6�
ML
7
I�
LJ
6�
K+
7
M�
PM
6�
HJ
7
H�
NH
6�
IN
7
P�
OI
H

H�
OI

JH
P

IH
�H
O

I�
IO

K�
N+

I�
LL

H�
KH

IJ
�P
O
6�
IK
7
H�
MK
6�
KK
7
I�
IL
6�
IK
7
H�
MP
6�
H+
7
P�
PO
+

H�
I+

�
�
��
�
�
��


	
&
��
�

�

�
��
��
�
�

��
��
�

�
�
��
�
�
�
	�
�

�
	�
��

�
��

�
�

�
�
�

7

�
�
�
�

��
��
��
�
�7
�
��

�
��
	
0
�,
�

KPK



D
if
fu
se
r

∆t
 [
1
0
 s
] 
 →

x [cm]

m
b
 [mg/cm

2
] d

b
 [mm]

 - 100 200 300 400 500 600

10
1

10
2

10
3

0.15

1.50

15.0

��� 8�
����� �����	
�� �� �����
	
���

D
if
fu
se
r

∆t
 [
1
0
 s
] 
 →

x [cm]

m
b
 [mg/cm

2
] d

b
 [mm]

 - 100 200 300 400 500 600

10
1

10
2

10
3

0.15

1.50

15.0

��� &����	�� �����	
�� �� �����
	
���

������ ����	 &���
�
��� �� ��
����� 
�� �����	�� �����	
�� �� 	��
���
���	 �����
	
�� 
� �7���
���	 0�,�

KP+



x [cm]

m
b
 [mg/cm

2
] d

b
 [mm]

 - 100 200 300 400 500 600

10
1

10
2

10
3

d
16

d
50

d
84

0.15

1.50

15.0

������ ����	 �����
	
�� 	�
�"���� �� 	���� ��

� �
��� ��� ��� 
�� ���

	 	�� ��� �� �7���
���	 0�, ��B1+� ���

KPM



KPJ



� ���
����� ������� ��������	�

	� 2�		� % ��� ��

4��	
�� �555

KPN



������ ���	 �����
	
�� �
	� ���	��� �
�� �� * �E� ��������� ���
���	
������	�
	
�� 
�	�� @ 	� �F ������

KPO



������ ��
	 �����
	
�� �
	� ���	��� �
�� �� * �E� ��������� ���
���	
������	�
	
�� 
�	�� �@ 	� FF ������

KPL



������ ���	 �����
	
�� �
	� ���	��� �
�� �� * �E� ��������� ���
���	
������	�
	
�� 
�	�� F@ 	� >F ������

KHP



������ ���	 �����
	
�� �
	� ���	��� �
�� �� * �E� ��������� ���
���	
������	�
	
�� 
�	�� >@ 	� @F ������

KHH



KHI



* ���
����� ������� ��������	�


��! � ��
������ *��

KHK



������ ���	 �����
	
�� �
	� ���	��� �
�� �� * �E� ��������� ���
���	
������	�
	
�� 
�� 	�� ��!������ �
� 
�	�� @ 	� �F ������

KH+



������ ��
	 �����
	
�� �
	� ���	��� �
�� �� * �E� ��������� ���
���	
������	�
	
�� 
�� 	�� ��!������ �
� 
�	�� �@ 	� FF ������

KHM



������ ���	 �����
	
�� �
	� ���	��� �
�� �� * �E� ��������� ���
���	
������	�
	
�� 
�� 	�� ��!������ �
� 
�	�� F@ 	� >� ������

KHJ



������ ���	 �����
	
�� �
	� ���	��� �
�� �� * �E� ��������� ���
���	
������	�
	
�� 
�� 	�� ��!������ �
� 
�	�� >@ 	� @F ������

KHN



Communications du Laboratoire de constructions hydrauliques 
Ecole Polytechnique Fédérale de Lausanne 
Editeur: Prof. R. Sinniger 
 

© 2003 - LCH-Communication 15 

 
N° 1 1986 W. H. Hager 

Discharge measurement structures 
N° 2 1988 N. V. Bretz 

Ressaut hydraulique forcé par seuil 
N° 3 1990 R. Bremen 

Expanding stilling basin 
N° 4 1996 Dr R. Bremen 

Ressaut hydraulique et bassins amortisseurs, aspects hydrauliques 
particuliers 

N° 5 1997 Compte-rendu du séminaire à l'EPFL 
Recherche dans le domaine des barrages, crues extrêmes 

 
Communications du Laboratoire de constructions hydrauliques 
Ecole Polytechnique Fédérale de Lausanne 
Editeur: Prof. Dr A. Schleiss 
 

 
N° 6 1998  et suivants, voir verso page titre 



Prof. Dr A. Schleiss 
Laboratoire de constructions hydrauliques - LCH 

EPFL, CH-1015 Lausanne 
http://lchwww.epfl.ch 

e-mail: secretariat.lch@epfl.ch 

 


	Table of Contents
	Abstract
	Resumé
	Zusammenfassung
	List of Symbols
	1 Introduction
	1.1 Reservoir Sedimentation Due to Turbidity Currents
	1.2 Measures Against Reservoir Sedimentation
	1.3 Scope and Organization of the Present Study

	2 Literature Review and Theoretical Background
	2.1 Description of Turbidity Currents
	2.2 Flow Over an Obstacle
	2.3 Flow Through a Screen
	2.4 Flow Across Multiple Jets
	2.5 Flow Through a Bubble Curtain
	2.6 Conclusions

	3 Experimental Installation and Test Procedure
	3.1 Description of the Experimental Installation
	3.2 Measuring Instrumentation
	3.3 Experimental Procedure
	3.4 Description of Experiments

	4 Experimental Results
	4.1 Continuously-Fed Turbidity Current
	4.2 Effect of an Obstacle
	4.3 Effect of a Screen
	4.4 Effect of Multiple Jets
	4.5 Effect of a Bubble Curtain
	4.6 Conclusions

	5 Description of the Numerical Model
	5.1 Generalities
	5.2 Model Equations
	5.3 Suspended Sediment Transport Models
	5.4 Boundary Conditions
	5.5 Commercial Flow-Solver CFX-4.4
	5.6 Modelling of Experiments

	6 Comparison of Physical Experiments and Numerical Simulations
	6.1 Continuously-Fed Turbidity Current
	6.2 Flow Over an Obstacle
	6.3 Flow Through a Screen
	6.4 Flow Across a Diffuser 
	6.5 Conclusions

	7 Case Study of Submerged Dams in Lake Grimsel
	7.1 Generalities
	7.2 Turbidity Current Simulation of Flood Event in October 2000
	7.3 Turbidity Current Passing Over Submerged Dams
	7.4 Conclusions

	8 Recommendations and Concluding Remarks
	8.1 Recommendations
	8.2 Concluding Remarks

	9 Summary and Further Work
	9.1 Summary
	9.2 Further Work

	Acknowledgements
	References
	A Experimental Data
	A.1 Continuously-Fed Turbidity Current
	A.2 Flow Over an Obstacle
	A.3 Flow Through a Screen
	A.4 Flow Through Multiple Jets
	A.5 Flow Through a Bubble Curtain

	B Comparison of Experimental and Numerical Results
	B.1 Continuously-Fed Turbidity Current
	B.2 Flow Over an Obstacle
	B.3 Flow Through a Screen
	B.4 Flow Across a Jet Diffuser

	C Turbidity Current Simulation of Flood Event in October 2000
	D Turbidity Current Simulation with a Submerged Dam



