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��� �� ��(������ 	��� ��� ���� ��� �� �������� ��		���� �������! 	��� ��� ���	�� ��������	���

�(	����� ��� 	�� ��������� ��������� ��� 	�������� �� ��������)�� 	� �	��� �������	��������
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����� dF loc 
� 	�� ��� �
� �	�� Φ 
� ����

��� ����� ���	�� νWater 
� 	�� (
�� �	
� �
����
	� �� ��	�� DFractal 
� 	�� ���	�� �
 ���
������

ρF loc0 
� 	�� ����
	� �� 	�� �
 �� �����
��� ��	
���� ��� ρWater 
� 	�� ����
	� �� ��	�� $����

����&��� 
�� ����� �� �� ��� %�	����� �,./.� ���	 � ��� ���0�
��	 ����� 	� 45/Re����

���� Re 
� 	�� 1������� �� ��� 2������ 	�� ��� ���0�
��	 �� ������ 
� ����� 	� 24/Re���

�� �� 
�� ����
	
���� 	�� ����� �� 	�� ��� ����� ���	� Φ 
� 	�(�� 	� �� 345*3���	

��� ���	�� �
 ���
�� 
� � �
	
��� ��� �	� 
� ����
�
�� ��� �����
�� 6��(
� �,.7/���


��	� 
��� 	��	 ���� �
	� 	�� ���	��	 ��
�	� ���� � ���	�� �
 ���
�� �� *�,� ��� �������

�
	� 	��� ���	��	 ��
�	� ���� � ���	�� �
 ���
�� �� *�,.� )� ��	 �	 ��� �*++�� ����� 	��	���

	�� ���	�� �
 ���
�� �� �� ���� ���� ����� �� ,�.+ 	� *�*+� 8��
� �	 ��� �*++4� ���	���

������ �� 	�� ���	�� �
 ���
�� ���
�� �� ,�"" 	� *�4" �� �������	�� ��	��� ����
����

/

Page 7 of 32

Mary Ann Liebert, Inc., 140 Huguenot Street, New Rochelle, NY 10801

Environmental Engineering Science

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

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

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

!���� �� ����	��� ���� ���� ��� ������������ ��	���������� ��� ���������� �� �"����� ������	���

��������� �� ��# ��� �	�� ����������� $�� ����� �� ��� %�� ������	 ��������� �� ��������		����

&���� 	��������

$�� �������	 ����	��� "�	����� �� � %�� �	����� ��'� � ��������	��� ���	���� ������� �� ����

&�������� %��� �� �!������ !� ����� ��� ��������� �� ���"��������	 ����� �	��� ��� ���	�������

$�� �������	 "�	����� ��� 	������ ���������� �� 	�����	� �����������	 �� ��� ����	������� �����	

�� ���"���� $�� �������	 "�	����� VTα ��'� ��� ���	��� �� ��� ��!� ����	�� �� ���������(���

VTα = VT sinα 
 ���


'���� α �� ��� ���	� !��'��� ��� ���������	 ��� ��� ���	���� ��!� ��� VT �� ��� �������	���
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���+ 5%,��	


: ��'������-#���� ���� ����
�� ��� �������� ��
�� �
� �
�
���� ����� 5�

�� �����-�	�


���� ������ �� �� ���� ���� �� ;� �#$% );�(� �#$% �� :�, ��� ��
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TABLE 1. CONFIGURATION OF THE FLOC ROLL-UP EXPERIMENTS. 
 

Tube Geometry Flow Rate Incline Velocity Velocity gradient 

ID (mm) Length (m) (mL/min) Vα (mm/s) at tube wall (s
-1

) 

6.35 0.12 1.90 1.00 1.26 

6.35 0.24 3.79 1.99 2.51 

6.35 0.40 6.18 3.25 4.10 

6.35 0.62 9.49 4.99 6.29 

6.35 0.65 14.44 7.60 9.57 

6.35 1.15 17.37 9.14 11.52 

6.35 1.20 18.18 9.57 12.06 

6.35 1.83 27.53 14.49 18.25 

9.53 0.36 8.54 2.00 1.68 

9.53 0.93 21.34 4.99 4.19 

 

  Velocity gradient at tube wall calculated with Equation (3). 

ID, inner diameter. 
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FIG. 1.  Schematic of the system geometry and conditions experienced by a floc on the bottom 

surface of a tube or plate settler. 

 

FIG. 2.  Theoretical tube settler slide capture velocities (VSlide) for tubes of three different inner 

diameters. Here, the slide capture velocity is the minimum terminal settling velocity of a floc that 

will be retained on a surface inclined at α = 60° because of a balance between gravity forces and 

fluid drag. The floc parameters assumed for this calculation were: DFractal = 2.3, dFloc0 = 1 µm, Φ 

= 45/24, and ρFloc0 = 2624 kg/m
3
. 

 

FIG 3.  Apparatus to prepare influent water for the experimental treatment system, with aeration, 

temperature control, clay addition, and influent turbidity sampling. 

 

FIG. 4.  Bench-scale water treatment apparatus, including an alum dosing pump, a rapid mix 

tube, a hydraulic tube flocculator, a sedimentation column with a floc blanket, and a tube settler. 

Turbidity was monitored above the floc blanket and after the tube settler. 

 

FIG. 5.  Example of influent turbidity, floc blanket effluent, and tube settler effluent data from a 

control experiment. Region A shows the time interval for floc blanket formation, and Region B 

shows subsequent steady-state performance. 

 

FIG. 6.  Log turbidity removal pC* for the overall treatment system and for the floc blanket, as a 

function of the velocity gradient at the wall of the tube settler. 
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FIG. 7.  The effect of the ratio of VSlide to VSettle on tube settler performance. Performance 

deteriorates when VSlide is greater than VSettle. 

 

FIG. 8.  Minimum spacing for plate settlers to avoid floc roll-up, calculated as a function of 

upflow velocity under four different scenarios. 
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FIG. 1.  Schematic of the system geometry and conditions experienced by a floc on the bottom surface of a 
tube or plate settler.  

141x165mm (150 x 150 DPI)  
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FIG. 2.  Theoretical tube settler slide capture velocities for tubes of three different inner diameters.  
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FIG 3.  Apparatus to prepare influent water for the experimental treatment system, with aeration, 
temperature control, clay addition, and influent turbidity sampling.  

213x112mm (150 x 150 DPI)  
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FIG. 4.  Bench-scale water treatment apparatus, including an alum dosing pump, a rapid mix tube, a 
hydraulic tube flocculator, a sedimentation column with a floc blanket, and a tube settler.  
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FIG. 5.  Example of influent turbidity, floc blanket effluent, and tube settler effluent data from a control 

experiment.  

249x182mm (150 x 150 DPI)  

 

 

Page 29 of 32

Mary Ann Liebert, Inc., 140 Huguenot Street, New Rochelle, NY 10801

Environmental Engineering Science

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

  

 

 

FIG. 6.  Log turbidity removal pC* for the overall treatment system and for the floc blanket, as a function of 
the velocity gradient at the wall of the tube settler.  

215x177mm (150 x 150 DPI)  
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FIG. 7.  The effect of the ratio of VSlide to VSettle on tube settler performance.  
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FIG. 8.  Minimum spacing for plate settlers to avoid floc roll-up, calculated as a function of upflow velocity 
under four different scenarios.  
203x173mm (150 x 150 DPI)  
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