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���D  

>�; ��� �� � ?@ �A� 6��B� C�5 ���D �E=�; F�G��� �/D ���� C�-���I /; ��.� ��8 ���J�.���� ���� �KL 6��; � �MN �/D �; �@ ���MD  O�M�� ��5   9@�M� �

4@����@ P@� 4Q�1�� ���8�;�; �; .��P� 6��� �.�� 4@����@ 4@ 6��� SL��1 ���� � S��6��� /; �KL��� �; ����� �.�. ����P�5�@ T���� ������	 5�M@   3M/�

U�����2V :� ��W �C���� ����D5�@ P71 �N�� ����D� ���D  ��D4� ���D �E=�; ���� �KL �;- ���I     .�M.� ��M8 �MQ��� ?�M�XP@Y  /; �MKL� �M�    AM� 6�MB� ��

.��; 6�2��.� ��� �� ��8�Z [�G\� ?�� �P� �;�� ;�> ]��K�� ��8 ��>�.�  .����  

�E,1 :-���G -�*/; �KL���� ������	5�@ T������)-� ���D �E=�; F�G���- ���I.  

 
Investigation of the Effect of Two-phase Flow Parameters on Determining Solid-liquid 

Slurry Transport Pipes Optimal Diameter 
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Abstract 
 In some copper, iron and zinc mines, the pipelines are used to transport the solid-liquid mixtures. In this case, the pipeline diameter 
is important in order to reduce energy consumption and costs. Therefore, the optimal diameter must be determined to minimize the 
sum of the aforementioned costs. Therefore, diagrams of the influence of significant parameters for slurry solid-liquid pipe diameter 
e.g. density of solid, size of solid particles, volumetric fraction of solid and dynamic viscosity have been represented. So, the optimal 
diameter of Sungun copper mine has been investigated, and the results are in good agreement with those obtained from the 
manufactured model.  
Keywords:Optimal diameter, effective parameters, transportation of solid-liquid mixtures. 
 

1 - ���;�   

     ���4@�E� 5�@  ^�K> �E=�; F�G������D-  I���YS��8 ���4@ 5�@

����� ������PB� �  ����6��� � � �_� `P	 (5��D ���4@) ��8�;��.  

    6������ 6����P@ � ]1 [���� ���4@`P	 � �@�@  ���4@ 6���c �;

 ���4@ ������ ������.�c �; 5���/2� � ��PB� �� ���� � �d� ���4@ 6��

� �- �U���. ���4���   6����P@ �]2 [� ������ ���4@ S� �� 5�@

���� ������. 5�@F�G���  �KL 
�.� �; �6��� I;�� C� �K> f���� �F��.

����@ ����.   

     g��. 6����P@ � 6��E�  � ] 4�3 [���8 5�@ ���/; 5C�. �1��= �

���� 5��; �� 5�@F�G��� ���D �E=�; -  I������U�� �-��. 5���	  �

6����P@ ]5 [ ��T�� �-���>�; �� �C���� F�= ?�P:� � ���:d 5��-

���� �Pc� �- �U� �� �@��. 3�.  6����P@ �]6 [ ���4@ 5O��� 5�@

iP	O� ���� ��PB� � ����� ��@  �U� �� ����� �-. ���4@ ?��XP@ 5�@

iP	 j��L � ��PB�O� j��N �; ���; ��8 �� �- �U� �� 6��C C� �B;��.   

      ��[�G\�  �T� �d�1 5�@������	��C ��8 �.��;�.�:  �C����

��W 5�@ ���D ����D (���2V)A�D ����D (���D)�P71 �N�� �

���8 F�= ��D4� �`P	 6������ � ���4@ [�,���D�� 5�@.  �;

C� ���J�.� ?�� ������	 �@ � ��.�\� �E=�; F�G��� ^�K> �E� ���4@

[�,� C� A	��8 SN�1 ���/; �KL 5��- �.� �� �; �7��

� �N  ���D � 5O��� 9@�����4@ �@����8 ?��XP@ . [�L� ?��B� �;

������	��)-��T�� 5�@  ^�K> 5��; ���/; �KL ��/� j��T� �.��; �

���D �E=�; F�G���- . A� 6�B� I���� 6�2�.�.� ��8 ?��B�  

  

2-  -�8H)   

      [�G\� ?�� ���d� �5�@  �.� ��8 �� �- �U� �� ��C]6[:  

1- �@ � � F�_�� C� �8���@ ���� ���@  ��8 �� �- ������

.�.�  

2- ��k 6���D 3�O�?2P@1 .�.� ��8 �� �- �U� �� 

3- �;�T ��c �C���� �; 6���D �c�. m/s 2/0= VC  ��,�;

�c�. C� ���.� ���,� )V=Vd +VC(. 

4-  g�P� �� ���� mK. �� 5�;C �8� n��F�.��/; 5�@5����; 

���� C�  o�  �;�T�.� ��8. 

5- ������	�� 5�@ 6��C �; ���; �@ �� ?�2���� ��= �;5  F�.

 �� �- �U� �� �;�T ��; 0���8 �.�.  

  

2 -1-  I�� -E&�, :��2  

      �MM.��� �MM���B�- ��MM���n1  5��MM;F��MM.   j��MMN �MM; �MMK;��

)1( �� p��B���8 ]7[: 

                                                           
1 heterogeneous 
2 pumpine energy model  
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     6 �� ��  f  �r��KN� f��dl ���� F�= )m( �v  F��. �c�.

���� �� )m/s( �g 9���- <��8 )m/s2(  �D  ���� �KL)m (�� -

 .�8�;  

     �E=�; 5��; ���D-  �C���� �; I���j��J�� ��W ������D 5�@ C�

stN� ����B� ��8 �����
2

 ���J�.���8 ��) �K;�� ��2( �� s�K��8 �

]8[.  

)2(      ∆ℎ� = ∆ℎ� + 2			(���.�)	��	∆ℎ�	                                                  
      �� ?�� �K;��hf∆  �I��� 6���D �Ec �; ���� F�= �1�� �; �@ � �

k  ������ ����B� �� stN� I;��φi ���8 �8� n�� )m/year( � 

Cv �E=�; �� ���D �P71 �N���� .�8�;  

     ) �K;��3�� �c�. (�@� �� 6�,� �� ���,�] 6 .[  

 )3(  �� = 1.87(	��)	�/�(	2�� ��� � )!.�  
     ) �K;�� ��3 (Lρ ) I��� ���2Vkg/m3�( sρ  ���D ���2V

)kg/m3(  �d ��W �KL) ��8 I�C�� ���D 5�@μm�� (.�8�;  

      ���G�Cv  ���D �D��> ���D �;� u.�� ����� ��)kg/s( �

 �K;��)4( .��8 ��.�\�  I��� �P71 6���D n��)m3/s ( �K;�� ��

)5.�.� ��8 ���� 9��P� (  

)4(  "� =	#�$���%�4  

)5(  '( = )#�$�4 * (1 − ��) 
     S� �P71 6���D n�� (4v� 6���� o�  �; )m3/s(  j��N �;

) �K;��6( �� s�K���8:   

)6(  '	 = ",%,	 + '( 

     �� �c�. ?�8�� �; � ���,����2V �� 4�� f��d 6�����	 )CD( 

 ��) �K;�� C�7( .��� �.�  

)7(   �� =	 $-./ (1 + 0��Re) 
     ) �K;�� ��7 (Re ���D �E=�; C������ ��c ���@� 6�,�-  I���

��.�8�; ) �K;��8 C������ ��c (���D �E=�;- I���  �� ���1 F�1 ��

�� 6�,�.�@�  

)8(  Re = ��34�5   

     ) �K;�� ��8 (µ ) �D4�Pa.s � (Vo �� �c�.) ���,�m/s (

��.�8�; ���,� �� �c�.3  ��) �K;��9 (6��;��8�.�.  

)9(  

  

0.1	 < 	89	 < 	10 

: = ; 3.6>(�(%� − %()!.$?)	%(!.$@A
�!.?$

 

 

BC
D
CE 	F < :																									�G = �(%� − %()F$18>
F > 	:								�G =			 0.2(�

%� − %(%( 	)!.@$	F�.�?
I >%(J!.-�

									 

  

     ) �K;�� �� S� 6������10�.� ��8 s�K� (] 10-9[. ��W �T� 5�@

6������ ���� j��N �; `P	 6������ �; ���D4  �� �- �U� ��

�� .��8  

                                                                                    
3 Darcy- weisbach  
1Durand 
2 Settling 

)10(  ɳKɳL = ER	ɳN	ɳL = ɳ 

     ) �K;�� ��10 (ɳ  �S� 6������ ���@� 6�,�mɳ  ������ 6������sɳ 

 ����D 5��; `P	 6������wɳ  � < 5��; `P	 6������ER  ����

�� 6������.�8�;  

  

2 -2- :�� ����*  

     `P	 5O���  j��N �;) �K;�� C�11( �� ?��B���8 :  

)11(  

 OPQ = %(�∑ ∆ℎ�,�∆PTU∆T�V�W  

     ) �K;�� ��11 (tT  � `P	 5O���t∆ �EN�  ����C 5�@5 ���. ��-

.�8�; `P	 5O��� ���4@ ) �K;�� C�12 (�� ?��B���8:  

)12(  

 �XGYZ[ = %(�∑ ��,�∆ℎ�,�∆PTU∆T�V�W  

     ) �K;�� ��12 (C1  6��� �1�� �; 5O��� w�_� ������. ���4@

 `P	 �E�.� �; ��8 ���J�.�)£/w( ��.�8�; ����� ���4@ ����  �K;�� C�

)13( �� ?��B���8:  

)13(  �\]^_� = �$#�P X̀'  

     ) �K;�� ��13 ( C2 ���� (A�D)���� 6C� �1���; ���� ���4@

)£/N �(t ) ���� ���:dm � (pϒ  x�_:� 6C� ���� A�D 5��;

)N/m3( ��.�8�; ����� ���4@ ���� ) �K;�� C� ���14�� 4�� ( 6���

:��� ��.�\�  

)14(  �\]^_� = �a�$#�$ X̀' = 4�a�$ X̀�  

     ) �K;�� ��14 (Cc �� ��,  n�� 5��; ����d.�8�; ��PB� ���4@ 

���� ) �K;�� C�15( �� ��.�\���8:  

)15(  �[ZX]�[ = �b[Z]c' d e(P�)TU∆T
�V�  

     ) �K;�� ��15 (Cbreak ���� ���8 ���4@  �N(t)  ���8 n��

��.�8�; Cbreak �� ���8 F�= �; ���;�� .�8�; �; ���8 F�=

�� ��J- ���=P�1� �� ��8 ����� ��D� ���� f��:� F� ���G�

)m/break9( � �� F�PB� ��= �;ID��  ���8 F�= 5��; ���J�.�

����8 ]4.[ ���8 n�� ) �K;�� C�16�� ?��B� (��8:  

)16(  e(P�) = e(P�)9f(TghTi) 
     ) �K;�� ��16( t1  6��Cy��B� � N(t1) ����� ���8 n��� φ  n��

�� ���8 �8�.�8�;  z�PB� ����� ���8 n�� ���G�

)break/km/year  04/0(  ����8 �8� n��           

)1/year 07/0 (�� o�  ��8]4[.  

     �E� ���4@ ���D �E=�; 371 �1�� �; ���� F�= �1�� �;-  �� I���

F�.��/; 5�@5����;  ����) �K;�� ��17�� ���� 6�,� (.��8  

)17(  �TGT]j = �XGYZ[ + �\]^_� + �[ZX]�[ 
  

2 -3- �787 J85K ����' &56   

      ���/; �KL 6��� �.� �; 5��;) �K;�� [�=18( ���4@ C� �; �@


�.� � �- [�,� �KL��8 �  ���� ���L �JN �; 5�����.� ��8 �.  

)18(  F�TGT]jF� = 0 

                                                                                    
3 ER 

)1(  ℎ� = k	lm$2��  
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3 - L��+� ���&' 1 M!'  

 3 -1 - .8N�8� O� .�3� -,&' ����' &56 4��3)  

     ���4@ [�,� C� ���J�.� �; ���/; �KL �@ ?��B���8 �� j��N �� .

���4@ [�,� 6�8 0��4� 0��4� ���/; �KL �; 4�� �KL ��JN �; �@

����8 F�G��� ^�K> ���/; �KL �1��= 5��; C��� ���� j�ct=� .

 F��D �� 6�2�. A� 6�B� �E=�;1  �; �D�� �; ���;� .�.� ��8 ��W

������	������	 ?�� �.��; �; � ��8 |:,� ��)-��T�� 5�@ �� �@ ���/�

�K�� �� �.� ��� �.� �; ���/; �KL ��8 ��>�. ���P� �; �;�> ]�

����4�/7� ���> �/D .j� �.�\� 6���E2�� ��,� ����; ^�;�� 5�@ 

.�.� ��8 g�7�� ���	 
�.� �; ���4@ ���4@ [�,� ����P� �; �D�� �; -

 S�8 �� �@1  ���1 F�G��� u> ���/; �KL466  �.� �; ��� �E��

�� .��  

  
 >	1- ����* P+Q� �;�;R �8!� �' �6S) �5;� 
&56 T��, &' �*

����' &56 ���*2 .�Q�  				
 :1��1- .8N�� O� .�3� �R,&9 U�=S9,  

 

3 -2-&+�,��� ����' &56 &' �,VW &�(�) -�*  

3 -2-1-  �/,��,��X-�*  ���� 
      �C��MM����W5�MM@    ������MM	 ?����T�MM� C� �MM�� �MM��D  5��MM; �MM@

   �MM� �MM��/; �MMKL ?�MM�B�.�MM8�;  �C��MM����W5�MM@   �C�MM; �� �MM��D

200-1 �MMM������� �MMM.��; ��MMM8.�MMM.�    �C��MMM�� 9��4MMM � �MMM;

��W5�MM@  �MM��D �MM; MMK;�� [MM�=� )9� (    S�MM8 [MM�= �MM7��� ��

2 �� 9@�� 4�� ���/; �KL�;��.  

>	2-  �/,��, &�(�)��X-�*  �/,��, �21�!� �2 
����' &56 &' ����

��X-�* 200-1 &+�1&��  

  

2 -2-2- �7�ND  ���� 
     V���MM2   4MM�� �MM��D ��  �MM� �T�MM� �MM��/; �MMKL <�MM:���.�MM8�; 

�X���V 5��� ?@  �  �M� AM�    ?�M8�� �M;V  ��M,�; ���M2    �M; ��M��

����g�MM��1  �MM.�� �  9��4MM � }MMc�;  ���MM,� �MM� �c�MM. ��MMc � 

� C�MM����� 4MM��  9@�MM��MM��D �MM;�  f��MMd ��MM�	 �MM��MM8� � � ��

 �7����� 9@�� �� ���/; �KL@�� �) S�83( .  

 >	3- ����' &56 &' ���� �7�ND &�(�) J85K :�;+�, ��9�' ���� - 

<���  

  

3 -2-3-  ���R �#�2��9�'  
     � �; �E=�; �P71 �N����� ��T�� ���/; �KL <�:�����\� .���)- 

?�; ���D �N �� �� ���8 ���� ���v� 5� ���- �; �P71 �N �� 

%60-10  .���- ���L (���D) �P71 �N�� 9��4 � �;�E=�; LK ���/; �

�� 9@���;�� ) S�84(.  5�KL �f.��� �P71 �N �� <�:��� �;

�� <�:��� ���� 5��; ���/;�� ��� ��8 6��C 5����; ��/;  �.� ?�P�

 ���1 ?�� 5��; �;�:��� �KL �7��� �� ���� ���v� �P71 �N �� ?��

�P� ���/;.�8�� �@��> �	 �� �� 5O��� j�JE� � �8�;  

                                                           
1 Aluminium 
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��

/;
 �

K
L

)
��

�
(

���2V���D ( g�-�E���;���fB�� )

A�?@
5��

�.��
g�������

���G� ������	 

0.100  mm d 
0.008  pa/s µ  

1000  kg/m3 Lρ  
2750  kg/m3  sρ  
2.290  m/s V  
0.200  m/s  VC  
50 %  Cw 
0.033 Cc 
0.100 £/N  C2  
2.680  £  C1,1 
0.334  m3/s Q 
2.820 S 
0.00609 mm  ε  
78480  N/m3 X̀ 
9          m Lb  
0.950 ER 
0.025  m/year  EW 
0.600 wɳ  
0.900 mɳ  
0.513 ɳ  
0.040 break/km/year   e(P�) 
0.07   1/year φ  
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 >	4- ����' &56 &' ���R �#�2 &�(�) ��9�' :�;+�, J85K ���� - 

<���  

  

3 -2-4 -  &�(�)Y��7  &56 &'����'  
     �D4�  �E=�; �; �T�� �E��c�� ���/; �KL <�:��� .�8�; ���1 ��

�E�  S�8 �; �D�� �; �5  9��4 ��D4�  ���/; �KL 9��4 � �; �7��

����8 . �T��D4�  ������\� 0/08 − 0/0001	Pa.s �.��; 

.�.� ��8  

  
 S�85-  ��T���D4�  ���/; �KL �;^�K> F�G��� �E=�; ���D- I���  
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