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Fig. 1. Schematic of the different stages of filter ripening 
process 
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1 FRS (Filter Ripening Sequence) 
2 Additional collector 
3 Backwash remnant particles 
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NTUq��-NTU|���4,�V ."�3�

&; Q�- �� *0�**'�D �:��:�./0�]�' * J1�/ �� a- ��� %2 ��� �1�F 1#�
* B� � ��O�'� 
�3�a- ������ 1�� H;#a- ���� *�'�� o.�' �� 1"����

J��� %1 
#�� "#a- ./ $F +��� ̀ �� "��0 1��� 1�#<��"�0 <�.�8 4
��� �,' W:��0 ��M�- *�' ¤.
� &��#�2�J� ��� *�S
� "���#*�C�.� +�: W

��� �� .�.�F �# ��] ��� W:�j�] 4#�.��- 	1�.�/ $F�L.�S��
ETSW��� %�� 1�#�� W:��0 ��� *0 4�#�� .�/ $F +�&���� &�.�-

10 R�9 �� ¤.
��%��S:���¤.�
� &���� &�.� � *�0 ��3� K"F *)���
*,: �J�1 
 �1�F *�� ���$' �� �:#P�� �� .��� W:��0 "�'��� *�0 �# 4

1 Extended Terminal Subfluidization Wash (ETSW) 
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*� 1 $� 5�$�'� 1 ����] 
� ��S:�� &�.��� �# �1�� ED��F 6��-��� 4
��#./ $F +�M��.��3� K"�F K��Q 3� *� L��3� 1�� �.��-���,C"

K"��0 �:�J�V��"��#�� "#H; *
91� �� ./ $F +/0�K��� W:�0
 �.���- L���3� 1��� � �.��F�!�� <��"��0"�.��/ $F 1��?� �� K"��'�,�

"L.S�� ��#�2J� ./ $F &��
 "#W#¤.�
� &���� <��"�0 
� �- "��
 .�.F * 3�0 

F�F����hG��
 �! �8��� 2�n(P� e't�  6�
? 6!� X m�!

�n(P� C�� 

�� *
91� U�� ./ $F 
��.: ��1� ��7#� +�>- �W#�3 <��� 4�� 

��"C &�10 �.
J 
� 1 $� �� K��Q 3� �.F�� .*
91� X�� H; 2��' 

*� �.: *J�V� �� .�.F R": 
� 4#� *
91� (9 &"F �.
J ��: �"C 

K"F �� %1 /�� H; ���.M3 �� �"C &"F �.
J �:�� .�3� ����9 

�
0 (9�1� U�� �X��%+�>- X
Y �� ��7#� �� "��0 ��- *�
91� �� 

X.3 �.
J %./ $F ��: �"C K"F 
� 1 
�J s��D "'.F.��� 1��a- ��
W#��
; 1: ¤.
� &���� *$#�O� � %X.3 *
91� �� ./ $F� %�&�.�-

��#./ $F +�M��*� �� *� *� .���; �3� ���&; (���
; *0#W��: 1��
������]#�1��F %<.
#O9 ����O�Q���-�*� ����O�'� o.��' "���'�� *��'�D

* B� 
�3�] %�Q�- W��1F � *#J 1 $� ��,' �� 1 
�"�:� &�/' "'�.-
� ���:1 ����] &�2�#��� &.m,:���� %H;������H; <��"�0 %

J 
� (�!��� 1 
#Q�- 6�*�!�� *'�D�U.� ��u�U��9 �� ����3
a-���� %�3� 1#��
; "#W�:�� 1��#J 6�O9 1 
��O��1�F �� �#�

� ' �- �.F X�7'� ���?#*� i
��! K"�; �3���O� �#."F�� * F�� �� *$
�1���#�1F ��7#%���? ���
;#W�:�� 1��J���:1 
�#�� *�0 �# 6

� ./ $F 
���X�7'� "'.F"F�PD 
� ���1F#J &.��'.� ����:1 

R18 1^' �1� ."F�&;K���3 ���0 *0 �� �.�F 1�-�� ��:
�� �� &�.�-

�1F#��
; X�7'� �� &.��'.� �#W��: �� K��"�� %�"� �#M� +��� *��
�M' �� � �10 EB/� �# !� ��"�O� ����� �� &; Z�#*�� 
�� 6��3�

.���; 
*� ���&; (,- H; *0 �� �1�� 2��� K��Q �3� .�/ $F��.�F%&���


$� ./ $F�'Y.� .�3� +M� ���.�/ $F *�3�1] &"F�L.�S��
� H; �J� �": A�3��.F(Mcglohorn 2003) �1�� .�B�/-�E

H; *�
91� �� ./ $F &��
 <"� �/0�:���� �.�C� 	�� *�3 %e(
K
�"'� ��1�C�1D <��"0�./ $F H;cuU"�� 
� K��Q �3� ( ��:�

�#��V�c�h*��� ( ,��/b <�.��8�J wP��3 <��"��0 U1�� �0 ��.1�� 

U"� �:��#V���1� K"F *)����J��:1 
�#� k"8�&��
 �� *0 "�0


�3����F %./ $F�"�:�  � (��0(Bhargava & Ojha 1989).
�� %.��/ $F X.��3 *��
91� ����#��� K��� W:���0 .��/ $F +�� �.��F

,'�� &�.-U"� 
�:��#V��.�10 K��Q 3���K��Q 3� 
� <��"0 i�3 

4#>'; 2�'�,' &�.- &��
 ���"9 �� *� �3� ���;c(��� &; 4#� +: 

�3� *0 �� �M '� �%./ $F <�'�3.' ����$� <��"0 ���#
 K�.�� �
&��S�� K�� �F� �� &; �.�C� 4���b .���� K�T �3� �#��: �� ���M '� 

./ $F ���R�8 H; &"F d'Y�� K"F �&��
 Z�!� �� �� ��� D� 

�� "'����.K
�"�'� � �"� �� �� �,�/b U1� �0 ���S:�� 4#1� M� �1���
*� .�3� ./ $F &��
 ��M '� �� ./ $F H; �C�1D <��"0 (����

 ��� W#�2�J� .�/ $F &���
 <"�� %./ $F +#�� W:�0 ��- � "���#
�'��
 ����? &�2��� 6�# *� %./ $F H; �C�1D <��"0 *0 "�31�

$F &��
 .�F�� ":�.D *���� ./ �1����#�� 4�#� *�� "�#*�C.- *� S' 4
� ' *0 �10#*� i� �� K"�; �3�#Q��- E �B� W:�j] 4�*H; *�'�D

�1��� � ���3� +��!��1��C�����#Q���- �� 	�� 4�**��'�D ���:��#%1��T
��
;#W�:��#� <�.8 K����� "�.�1 

F�K��� �hn(P� C�� �G��
 �! �8��� u�P�)� 6!� X m�!

 m��v,�� ,�p �! 6X U(��! �c) 

�� &���; �3� *� 
� "�� �# .�/ $F +�M��M� 5��$�'� %*����1�� *���
J��:1 
�Y 6-#*3�� "�- *��
�<Y���� e�u�3� *�3��� (��! 
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
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E%1 $� 5�$�'�Ub.�/ $F ��13��� 1� � A�$9 1�� L.�S��
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%A�S� ρw$'���0 A$9 1� H; * �%A��S� 1 � 1� X1�.
d60K
�"�'� 
���"'� ��3� "'1��3 ���J����*��0g��.���� �� 1 ��$� ��.��� &
� "��8��

��%1 � A$91� ":�g'�? ���7� 1� 1 � A$9 1� (O? H� F �� � *µ

�#
.S��$#� * #������0 A��$91� 6�'�? �� 1�� � 1��� X1�.��
������3� *
(Qasim et al. 2000) ������� �� *��0 �.P'���,: .e�uK":���/�

���.F%� 1� K�>� 1 $� 5�$�'���� &�2#��:1 ����] *� %./ $F +�#
���Tb &.m,:�� �#
.S�$#*�'�� o.�' � H; *  "����* �$��� 1 �$�

��Tb *0 �7'; 
� .�3��� �#
.S$#' H; *  �� ���� ��� 2�a- H; ��� 1
��"�0%�� ' &�.-�*'�� 1 ����] �� *0 �J1� *7 "�������� � 1 �$��

�:�. 0�J %H;�#a- *0 "� $:��� %�M'; �� 1���
� *�� �� 5��$�'� &�2�
#�� 6#a- U�3 U.� �� ./ $F ���? +��� 1�� � ":�#5��$�'� 1T
M��� *�#,' ��7��1���� .�.F#�� 4#�� "#a- �� ./ $F +��� ���� 1�H;

*'�� o.' �"���a- U�3 U.� �� 1 $����� K��.�,: 5��$�'� ��- "�0 1
�1F#M� ��!�� *��."'�,� 

F�L��(G�� w�=�
 2�n(P� �! ��x(
 � ! <9� ?� f!�J(�� 

a-���� 1�(���F *�0 �3� 4S,� 	�� "�b 
� ./ $F �,]:(����
�� U1 �0�1� 
�#�,] &�10 	.��D � 4F�� Z�:[c
� K��Q 3� (H

a � ��� �,]�1qc1� 
� (s#1C Z#��� ���0 &�|1� 
� (� ��#�F Z�1
�� U1 �0�}��(SF ."F��q�a�� &�/' *\ ":��1���� U1 �0�
� %

�,] &�10 	.��D � 4F�� �3� K"F K��Q 3� ��"� �� �:.�#(�,� 4
�] �� �,] &��"'���#�2J� �� k1� R1�� � K���; 4#� W�� ."�:� �# 4

�1'� R1���(SF ��q�a*� �2J� <�.8#�,' �,] ": W#K��� W
.�3� K"F �� (SFq�b�1���� U1 �0�a � ��� �,] 
��K��Q 3� 1

K"F �Z���P- �J� ���.,' �� �,] ���.,'#�: � *� J���R>�-� *�'.�
�1'� � H;�' �.C� *��.�3� K"�� �� (SFq�c�1����� U1 �0�
�

F��� 1�� *0 K"F K��Q 3� d]#�� H; R>�-� ���� (,� 4�� �.�F
�#S/� �'� *� H; R>-� 4��� 1� �'� 1]��� ���.,'�EB/�

F �� .�3� K"F (Sq�dF 
� K��Q 3� ����� %1�� *�0 K"F U1 �0 �# 4
' 	����2J� �� 2#*�� (S�F �� � K�.�� K�1�,: k1� R1�� W<�.�8

�2��J�#���,' "��: W#(S��F �� *��0 �.P'���,: ����� .���3� K"��F K��� Wq

1 Stop/start control 
2 Variable speed control 
3 Bypass control 
4 Throttle control 

` *� �3� EB/����,] 
� K��Q 3� 
� 1��:�a � ��� ��� 1�#*�'.� 4
	�� �1'� R>-� �� �:����� ."� �$: K�1�,: H; ��1�#M� 4�*�� 1�-#4

�,] 
� K��Q 3� %	�� �:�a �����a- �� 1���� 1�#��3� .�/ $F +
(ABB 2013) . 

Fig. 2. Different discharge control methods employed 
and the corresponding energy and water losses 

#=���	�� 
� K��Q 3� R>-� &�2�� � ��� U1 �0 �� &.��'.� ��:

�M'; �� H; � ��1'� 

��1!1��*��/- &��2,: 3�-�,��S�� *��/- �#����S��,] �� �:
��"��#��:�#� ��#� ��7�p>,� *0 "�0 �,] *��/- ` �� �:�4S,� 1

���� ��� .�
�3#+M� (8� "-�9>8� � H�B '� �� 1-��1� ����<�1�?
�#�,] .�J1� 1^' �� *��/ ��' U.8� 1T �:�#�3 *��/- *0�-�,��S�

�,] " *� %"��0 ��V�� �� ��:�*���/�~""� �$: X.�3.�(Taebi & 

Chamani 2006) 1� 
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5 Homologous pumps 

(a) (b) 

(c) (d) 
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Q���%�,]H%�,] ":P� �.-.��1 S�� &�.-n�.-.��1 S�� ���
��."F�� � 
� K��Q 3� �� �# �� ������ 4������ &�.�-���:���� ��,]

a ����� 1: �� �� 1�.�10 +3�(SFh��:��� �� �� ��,] ���.,'�
� &�/' �
 B�����.�,' ��3� EB�/� (S�F �� *0 �.P'�,: .":�

*� �,] ��� W:�0 �� �,] 
�.� <�.8�
�! ���.,' �����] �.D�#4
*PO' 1: �� � K"�; ��^�- (��!�a- �� .�3� +��� ��� 1����.�,' &�.-

 �"�9 &��"�'�� �� ��,] ���.�,' �� �� ��"� �J� �� .�.�,' Z��P�� 1N0
(SFh�:���.,'����� .�3� K"F EB/� &��"'�� +:�K"�F *)���

(SF ��h�1���,] �:�1�2#�1� � K�.� 201� 
���,] �:��#1�T
T'.Tb .�3� <��Q � ���.,'�a-��%��� �� �,] ���.,' 1������ h%

��t@- �� "�#��"�0 (Fazeli 2009).

Fig. 3. Schematic curve for a variable speed pump at 
different speeds 

#=�%�-�,F��
 B� ��:��� �� 1�a � ��� �,] 6# ����� 6

�1����# D� �� �� 4��a � ��� ��,] 4 �F�� �� �� �� +�: 1�� &�.�- �� &�2
M� 5�$�'��*� �� *� � +: � ���; �3�#
,����. �3� &��� ��� *0 4�*��

� %�,]#� 4�M� 5�$�'� &�2�.��F�� *�T' ���? U�3 U.� �� �� *� *��
4#� -1-�J ¤.�
� &���� A��� ��O-�� &; �1�S
,� � R��9 1� 
�#."���


,����. 3��� K��� �,] *� *0�M� 5��$�'� U�3 U.� �� �- �.F�*��
1� 
� ���� *T' ���? ��#����� Ze�u*�� �3��;#U�3 U.� �� ."

a- �� ���*�'�� o.' �� 1"����a- � 1 �$� ��� 1�����%H;Vs��1�3)
*- /'���a- (1 $� <������ 1��1���� ."�0#4Ub��)�#
� (.�/ $F +

1�#a ���� �,] Z��� 1#a- "��� ��- "��0 1E�)��M� 5��$�'� &�2�(*��
!�� ���?���M�- <��"0 � ¤.
� &���� W:�0 ."'�,�#�S�R�"�:� 
�

�,] 
� K��Q 3� �:�a � ����./ $F �� 1�J L.�S���.��3� 1� 

�.
C�1�� 
� k1�� � H; R1��� W:��0 � 1 �$� W�F.C 
�#1�T

��� �,] 
� K��Q 3� R�":� a � �� .�/ $F �� 1�J��� *�0 K�.�� 1� 

V.- *�����."F ":�.D K��� w

��/���x(
 � ! <9� ?� f!�J(�� �� �(P� s��- ?� 2��3�G- 

�1���.
C�1�Y 
� 1 �$� &"�F "�
� 
� �#*�*�T' X��T�: �� K"�'���
./ $F��� ./ $F U�� *
91� �� %L.S��#"F�����; *� �:1�
���

` �� ."'.F�� 1#� <�.8 4�Y 4#*T' *�F 1 $� � K"'����*
�8�J ��
"]#� "�;#(SF �� *0 �.P'�,: ."}� 1��� ��3� EB/� �#"] 4�#K"

� k�Q-��J 1 �$� " Q�"��b �� 1� 
#"] � ��$SF "�:�.D *�PO' 4�#K"
pY.,�� .�� J� ":�.D k�Q-� WF.C *����2: (#�3; � *��A��:�#*�0

 ��F &�1��0 * ��$� � 
������,] *��� �:1 ���:���� ���� .��/ $F��� "���0
$�����Q�- 
��**�'�D *�
91� �� ��: �1).�
� � ��,] %.�/ $F U��
*� �� ��"�� ���� "8 �� "8 <�.8�"] � "'.�F �# k��Q-� W�F.C K"
 ���"� J�(Susumu 2000) ��,] . ��:�a � ��� �� �� 1�� "��'�.- �# 4

(S�/� *���'1� 4 J1�� ���� � K�1�0 (�9 �� ���^�- (���! 
��*��� K"�F +
T $:;�&; &�"� � "'.F ��"� ���� *03; �,]��� A�"�WF.C 
�

�.
C 1 $��1��,'#"�.

Fig. 4. Boiling at the filter bed surface  due to high and 
sudden air or water discharge during the wash off process 

#=�.��.: �'�M��' � ��#
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w�=�
 2�n(P� 

1��� {�����u��1��'� R1���� "��8������:�.-.��1 S����� &���MC
�#K�T $ �:�� R18 ��l,]�� *0 �.F�
� Wt�*� 5.�1� &; "8��
-@��3� H; 4.3 
� .���#�'>0 <�����P� 1T�M- *�� 1�7�� *�0 ��*

�- (,����. 3���2: 4#*��:��#K�T $ �:���3.- ��l,]HIE[K"�F
� &�/'�2: o.,7� 
� *0 ":�#*�� ��:�K��� �1�S
,�q�� %�
� W��

�1�'� R1��� *�� 5.��1� "8����� ��W
�ht*�� 5.��1� "�8��
2:#*��:�*T' �����#�� K�T $��� ."�F�� ���9�2: *�0#��"�9� *��

�#
� 1 ,0 %K�T $ut2: (0 
� "8��#� *�#(���F �� K�T $ ��� �.�F 
(Fazeli 2009)�� W:�0 �� .#H; R1�� %1D; *
91� �� ./ $F +
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, 	-��K��,F 1 
�J ��J <��B/��*�Q�- +! H; *'�D 

(W#��
; &��
 ��)
Table 1. Technical specifications of Filter No. 6 

operated at Qom Water Treatment Plant (at test time)   
MeasureTechnical specifications of Filter No. 6

0.23Nozzle drop constantKn
0.00025Sum of valve drop constantsK

26.4pump discharge pipe length (m)Lp
1particle shape factorφ

0.0008effective size (m)d10
66filter cross-section area (m2)A

997.675water density (kg/m3)ρW
0.000951absolute water viscosity (N.s/m3)Μ

0.001pipe roughness coefficient (m)Z
0.45pump discharge pipe diameter (m)Dp
2.1static head loss (m)hst
0.4porosity ratioe
1bed depth (m)L

9.81gravity (kg/m3)(m/s2)g
2650particle densityρS

0.0012 Mesh size of a standard sieve passing 60% 
of the sand material weight (m) d60

��
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a=3.327   b=0.97   c=2.1 

)e�(HT = 3.327 * (3600)2 *Q2+0.97*3600*Q+2.1 
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1 Filtration Rate (FR) 
2 Filtration Run Time (FRT) 
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Fig. 5. Washing regimes tested in the third stage of filter drainage 
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Fig. 6. Filter ripening period after washing at different expansion rates 
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Fig. 7. Effects of type of bed grading and water temperature on optimum washing regime 
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