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dÌ·Z §  �ËY�§Y  ,dÌ ¼m  ½Á�§Y�Á�  |��  ,¾Ë�Ì�  [M  �]ZÀ»  �ÅZ¯  ¶Ì·{  Ä]  ÉZÅ{�Y|¿Zf�Y  �ÌÌ¤e  Á  Êf À�  ÉZÅ
  ,½M �^e Ä] Á [M ¥��» �ËY�§Y ,¹{�» Ê³|¿�Ä] Á ½ZÆm �{ d��� Ä] [M ½Y�v] |�� µZu �{ ½Y�ËY �{ �Â�y

ºf�Ì� �YÂ¿Y .d�Y ®¼¿ ÉZÅ �{ Ä¯ |¿�Y{ Y� {Ây �Zy ÉZËY�» Á \ËZ » ¹Y|¯�Å .d�Y Ã|� Ã{Z¨f�Y Á ÄfyZ� ÊËY{�
ºf�Ì� ¾ËY �j¯Y¥��» ½Y�Ì» ,ZÅ  Ê» [Z�u Ä] Ê�Z�Y ¶°�» ÓZ] É��¿YÃZ´f�{ \Ì¯�e .|ËM[M ÉZÅ¾Ë�Ì�  É�ÁZÀ§ Z] ¾¯

É�Â·ÂÀ°e �Y Ê°Ë ,cÂ�Y�§ÃZ´f�{ ¾ËY É��¿Y ¥��» dÌ �Á {Â^Æ] ÉY�] |Ë|m ÉZÅÊ» ZÅÄÌ^� ªÌ¬ve ¾ËY �{ .|�Z] -
  ÊeÓZÌ� É�Z�-  [M Ä¿Z»Z� Ê°Ì»ZÀË{¾Ë�Ì�¹�¿ ��Âe cÂ�Y�§ ¾¯  �Y�§YANSYSCFX  ¿Y �Y ¶�Zu lËZf¿ .d§�Ë~a ¹Zn

ÄÌ^��ËZ»�M lËZf¿ Z] É{|� É�Z�Äv� Ê]�ne ÉZÅ Á Ä¿Z»Z� Ä] É{Á�Á ¡Y{ ÉYÂÅ Ê°Ë µZÌ� �Â¿ Á{ .|¿|� É�Y~³
  Á [M �Zz] �Â¸z» ÉÁZu µZÌ� É�´Ë{NaCl  É{Á�Á ½YÂÀ� Ä]ÄÌ^� �{ Ä¿Z»Z� ÉZÅ ¥|Å .|¿|� ¦Ë� e É{|� É�Z�

Ô»Y ½Y�Ì» Ê���] ªÌ¬ve ¾ËY �Y Ê¸�Y[M Ä¿Z»Z� ÊmÁ�y �{ {ÂmÂ» s¾Ë�Ì� lËZf¿ Ä] ÄmÂe Z] Ä¯ {Â] cÂ�Y�§ ¾¯
  �Y|¬» Z^Ë�¬e ÊmÁ�y �{ sÔ»Y ¾ËY �Y|¬» É{|�2%    Ä] Ä¯ |� ÄnÌf¿ �Â�ÀÌ¼Å .{Â] [M �{ {ÂmÂ» ÄÌ·ÁY sÔ»Y ¶¯ �Y

[M ÄÀÌÆ] {�°¸¼� �Â�À»¾Ë�Ì�  �ÅZ¯ Ä¿Z»Z� Ä] É{Á�Á ¡Y{ ÉYÂÅ d��� �Y|¬» |ËZ] cÂ�Y�§ ¾¯ Ä] .|]ZËÄv� �Â�À» -
 Á [M �Zz] �Â¸z» ÉÁZu µZÌ� ÊmÁ�y Á É{Á�Á ÉZÅZ»{ �Y É�Y~³NaCl  ¶�Zu ÄnÌf¿ ¾Ì] ¥ÔfyY Ä¯ |� Ã{Z¨f�Y

ÄÌ^� �Y  �Y|¬» ,Ê]�ne �ËZ»�M �Y ¶�Zu ÄnÌf¿ Z] É{|� É�Z�15%  Ê» ½Z�¿ Z�y �Y|¬» ¾ËY Ä¯ |�Ê» Ä¯ |Å{  ½YÂe
ÄÌ^� lËZf¿ �Y  .{�¯ Ã{Z¨f�Y ½ZÀÌ¼�Y Z] É�Z�  
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 :Ä»|¬»  
  {Á|u ZÌ¿{ ��Y�� �{ .d�Y ¾Ì»� Ã�¯ ÉÁ� ½Z�¿Y ÉZ¬] Á Ê³|¿� ºf�Ì� ÉY�] É�Á�� {YÂ» �Y [M780    ½ÂÌ¸Ì»

  [M Ä] ¹{�» �Y �¨¿  Ê¿|Ì»Z�M [M dÌ¨Ì¯ Á |¿�Y|¿ Ê��f�{ º·Z� Ê¿|Ì»Z�M6/2  ¾ÌËZa ,�¨¿ {�ZÌ¸Ì» ÉZÅ{�Y|¿Zf�Y �Y �e
  {Y| e �Â�ÀÌ¼Å Á Ã{Â] Êf�Y|Æ]1/1    |¿�Y|¿ Y� {Ây Ê¿|Ì»Z�M [M dÌ¨Ì¯ {Â^Æ] ÉY�] ¹�Ó cZ¿Z°»Y ,¹{�» �Y �¨¿ {�ZÌ¸Ì»

[1]  . Ã�Æ]  Ê³{Â·M ,Ê Ì^� ¾Ë�Ì� [M �]ZÀ» �Y É�Y{�]Ã|ÀËÓMÁ�°Ì» ��Âe [M ÊÀÌ»��Ë� Á Êv�� �]ZÀ» ¶Ì·{ Ä] ZÅ
dÌ·Z § �ËY�§Y  ¾Ë�Ì� [M �]ZÀ» {Â^¼  ̄{ÂmÁ Z] �Â�ÀÌ¼Å ,É��ÁZ�¯ Á Ã|ÀÀ¯ ¥��» cÓÂ�v» ,d À� �{ Ê¿Z�¿Y ÉZÅ

Å{�Y|¿Zf�Y Á �ËY�� �ÌÌ¤e ¶Ì·{ Ä] ­Za Á º·Z� Ê¿|Ì»Z�M [M ÉY�] Z�Z¬e �ËY�§Y ,½ZÆm dÌ ¼m ½Á�§Y �Á� |�� Á ÉZ
 Á |Ë|m �]ZÀ» ½{�¯ Y|Ìa Á ¹{�» �ZÌ¿ {�Â» Ê¿|Ì»Z�M [M ¾Ì»Ze �Zv· �Y ¦¸fz» ¶¸» Á ¹{�» ½ZÌ» �{ ,¹{�» Ê³|¿�

Ã|¼� Ê¿Y�´¿ ,¾Ë�Ì� [M ¾Ë�´ËZm d�Y Ã{�¯ {ZnËY Y� ÉY  [2-3]  .�ÌaÊÀÌ]  µZ� Ze ZÅ2030  Ê» ½Z�¿ É{ÔÌ» Ä¯ |Å{
  {Á|u ,½ZÆm ¶¯ �{ [M ¥��» ÉY�] Z�Z¬e ½Y�Ì»40%    ��Zu µZu ��f�{ ¶]Z« ¾Ë�Ì� [M {ÂmÂ» �]ZÀ» �Y �f�Ì]

Ê»Ê» ½Z�¿ Y� ½M ¥��» c|� Ä¯ |�Z]  |Å{[4]  .½Z�¿Y ¾ËY�]ZÀ]®¼¿ Á [M ÄÌ¨�e ÉZÅ|ÀËM�§ �Y Ä¯ |Àf�Å �Â^n» ZÅ -
�{�Y|¿Zf�Y dÌ¨Ì¯ |u �{ �ZÌ¿ {�Â» Ê¿|Ì»Z�M [M ¾Ì»Ze �Â�À» Ä] (¾Ë�Ì� [M |Ë|m �^À» ½YÂÀ� Ä]) ZË�{ [M ÊËY{ 

Ê¸¬ÀÌ�u) |ÀÀ¯ Ã{Z¨f�Y ½|Ì»Z�M  ,½Y�Z°¼Å Á Â·1395[M .(¾Ë�Ì�¾¯ ºÅY�§  ¾Ë�Ì� [M ÄÌÆe ÉY�] Y� ½Z°»Y  ¾ËY ZÅ
Ê»  {Â] |ÅYÂz¿ ��f�{ �{...Á ÊeZ»|y ,Êf À� ,É��ÁZ�¯ �ZÌ¿ {�Â» [M c�Â� ¾ËY �Ì£ �{ ,|ÀÀ¯[5]  .  ½{�¯ Y|m

  ¥�� Ä] �ZÌ¿ Ä¯ d�Y É{Âz]{Ây �Ì£ |ÀËM�§ ®Ë [M �Y ®¼¿ ¹|� h�Z] {ZË� É��¿Y  ¥��» ,{�Y{  É{ZË� É��¿Y
[M �Y Ã{Z¨f�Y ��f�³ Á Ä �Âe¾Ë�Ì�¾¯�Á� �Y Ê°Ë .d�Y Ã|� ZÅ®¼¿ |ÀËM�§ �{ Ê§��» É��¿Y �ÅZ¯ ÉY�] ZÅ-

[M \Ì¯�e ,ÊËY{�¾Ë�Ì�  cÂ�Y�§ Z] ¾¯Ê»  |�Z][6]Ê»Z´ÀÅ .  Ä¯  ®¼¿ Á [M ÄÌ¨�e ÉZÅ|ÀËM�§ZË�{ [M ÊËY{�  Ä] 
®¼¯  É�Â·ÂÀ°e  |¿Â�Y�f·Y  ¹Zn¿Y  Ê»|¿�Ì³  ,h�Z]  dËÂ¬e  Ã{�Z]  ,�ÅZ¯  É��¿Y  ¶¯  Ê§��»  ZÅ|ÀËM�§  Á  ¾ÌÀr¼Å  ¹|� 
 {ZnËY  Ê³{Â·M  d�Ë� Ê�Ìv»  Ê» {Â�  .�{  ÉZÅ|ÀËM�§  ®¼¿ÊËY{�  [M  ZË�{  Ä]  ¶Ì·{  ¥��»  É��¿Y  É{ZË�  Ä¯  |¿�Y{  ,

É�Â·ÂÀ°e   |¿Â�Y�f·Y  Ä]  ¶Ì·{  dËÂ¬e   ËM�§|À  �Ìz^e   Á   �Ì�¬e   Ä]  Ä¸Ì�Á É  dËÂ¬e  µZ¬f¿Y  ¹�m  Á  c�Y�u  , h�Z]   d·ÂÆ�  
Ã{Z¨f�Y  �Y  É��¿Y  É|Ì��Ây  Ä]  ½YÂÀ�   �^À»  É��¿Y  Ê§��»  ÉZÅ|ÀËY�§  ®¼¿ÊËY{�  [M  ZË�{  Ã|�  Á  �{  ÄnÌf¿  ÄÀË�Å ÉZÅ 

[M  ¾Ë�Ì�ÊÀ¯  Y�  �ÅZ¯  Ê»|Å{  [7]Ä¼Ì¿ ÄÌuZ¿ �{ ½Y�ËY ¾f�Y{ �Y�« Á [M Ê¿ZÆm ½Y�v] ÄmÂe Z] .  ,®�y Á ®�y
[M �Y Ã{Z¨f�Y dÌ¼ÅY¾Ë�Ì�  .d�Y �Z°�M ½Z´¼Å �] ½M ÉÁ� �] �ÅÁ�a Á ¾¯  

  µZ��{2011   �{ ZË�{ [M ½|� Ã�Ì¼eY ½Y�Ì» ÉÁ��] [M ¦¸fz» ÉZÅZ»{ �ÌiZe ,ÊÅZ´�ËZ»�M �ZÌ¬» �{ ,É{ÔÌ»

É�Â�  �¿Z¯�§ �{ cÂ�Y�§ kYÂ»Y ®¼¯ Ä] �Ì¤f» ÉZÅ7/1  |� Ã{Y{ ½Z�¿ .d§�³ �Y�« �ËZ»�M {�Â» �e�ÅZ´»    Ä¯

Ã{Á|v» �{ [M Ã�Ì¼eY ÉY�] \�ZÀ» ÉZ»{  É�Â� É15    Ze35Ã{Á|v» �{ cÂ�Y�§ kYÂ»Y ��Âe  ,  É50    Ze65   Äm�{

Ê» �ÂÌ�¸� |�Z] [9] .  

  ÊeZ^�Zv»  cÓZÌ� ®Ì»ZÀË{ �Á� �Y  Ã{Z¨f�Y )CFD(   ÃY� ½{�¯ Y|Ìa  �Â�À»  Ä]   ÉZ�£ cÔ°�»  �§�  ÉY�]  ¶u
[M¾Ë�Ì�¾¯  c|� ,Z»{ ¶j») ÊËZ�£ ÉZÅ �f�Ì] Ä¯ d�Y �ËY�§Y µZu �{ c|� Ä] ,(...Á �Ì�¬e �Z� �ËY�§Y ,dÌ^�«

É�Z�·|»¶Ì¸ve  Á  ZÅºf�Ì�  ÉÁ�  �Á�  ¾ËY  Z]  Ä¯  ÊËZÅ �ËY��  É�Z�·|»  Ä¸Ì�Á  Ä]  d�Y  Äf§�³  ¹Zn¿Y  ÊËZ�£  ÉZÅ
 �»Zm c�Â� Ä] Á c�Y�u µZ¬f¿Y ,Ê°Ì»ZÀË{Á�|ÌÅÊ» ¹�m µZ¬f¿Y �eÌ¸ve Á ÄË�ne ½YÂÀ� Z] Ê�ÅÁ�a .|�Z]  É| ] Ä� ¶

CFD   ÄË~¤e µZ¿Z¯ ®Ë �{ dÌ^�« c|� Á Ê°Ì»ZÀË{Á�|ÌÅ[M É¾Ë�Ì�  �{ ½Z¬¬v» ��Âe Êf À� �Â° » �¼�Y ¾¯
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  µZ�2016  µZ¿Z¯ �{ ¹�m µZ¬f¿Y  Á cÓZÌ� ®Ì»ZÀË{ Ä¯ {Y{  ½Z�¿ lËZf¿  .d§�³ c�Â� É{ÔÌ»ÄË~¤e ÉZÅ[M É-
�¾Ë�ÌµZ¿Z¯ Ä]  d^�¿  �Â° » �¼�Y ¾¯] cÁZ¨f» t��» �Z] ÉZÅd¼�« {ÂmÁ d¸� Ä] cÁZ¨e  ¾ËY Á Ã{Â dve ÉZÅ

µZ¿Z¯ �{ �Z�§ÄË~¤e ÉZÅ[M É¾Ë�Ì�  �{ ¹�m µZ¬f¿Y Á �Z�§ d§Y ªÌ¬ve ¾ËY �{ ¾ÌÀr¼Å .d�Y �Â° » �¼�Y ¾¯
ÄË~¤e µZ¿Z¯d�Y Ã|� ½ZÌ] �Â° » �¼�Y É  [10]  µZ� �{ .2014  �Á� ,CFD    µZ¿Z¯ Ê°Ì»ZÀË{Á�|ÌÅ Ä ·Z�» �Â�À» Ä]

[M ®Ë ÄË~¤e�Ì�¾ËY|m Z] Ä¯ ÊËZ�£ ¾¯Ã|ÀÀ¯  �Y Ã{Z¨f�Y Z] .d§�³ �Y�«  Ã{Z¨f�Y {�Â» ,{Â] Ã|� �a  Ê³Y�´Ë� É
½ZË�m ,d��� ½Y|Ì» �{ ÉÂ�Ì] ÉZÅ�Ze ¾Ì] Ä¸�Z§ �iY ,ÊeZ^�Zv» cÓZÌ� ®Ì»ZÀË{ �Á�  ¶»YÂ� ,ZÅ  ��Âf» ­Z°��Y

 �ÅZ¯ Ä¯ |¿{�¯ cZ^iY lËZf¿ ¾ÌÀr¼Å .|¿|� Ã{Y{ ½Z�¿ Z�£ t�� ÉÁ��] Ê��] �Àe ¾ÌÀr¼Å Á �Z�§ d§Y ,Ê �Â» Á
  ÉÂ�Ì] ÉZÅ�Ze ¾Ì] Ä¸�Z§Ê» Z�£ t�� ÉÁ��] ¹�m µZ¬f¿Y �ËY�§Y �Â�ÀÌ¼Å Á Ê�y�q ÉZÅÂ´·Y �ËY�§Y h�Z] {Â�  

[11].  Ä ·Z�» �Â�À» Ä] Ê�ÅÁ�aÉZÅÂ´·Y �ÌiZe É  Äf�� Ä¯ Ã|ÀÀ¯ Y|m ÉÁZu �Â° » �¼�Y ÉZ�£ ÉÁ� �] ½ZË�m ÉZÅ
ÄËÁY� Z] Ã|ÀÀ¯ Y|m  µZ� �{ ,|¿{Â] Ã|� ºÌ�Àe É{Á�Á ½ZË�m Ä] d^�¿ ½Â³Z¿Â³ ÉZÅ2012   lËZf¿ .d�Y Ã|� ¹Zn¿Y

Ã|ÀÀ¯ Y|m ºÌ�Àe Ä¯ {Y{ ½Z�¿i ½ZË�m ÉZÅÂ´·Y |Ì·Âe ÉÁ� �] É{ZË� �ÌiZe ,½ZË�m dÆm Z] ÄË~¤e µZ¿Z¯ ÉZÅ  �{ ÄËÂ¿Z
µZ¿Z¯ ½ZÌ»ÄÀÌÆ] .d�Y Ã|ÀÀ¯Y|m ÉY�Y{ ÉZÅÃ|ÀÀ¯ Y|m dÆm É�Z�Ê» ÄË~¤e ÉZÅ  ½ZË�m ÉÂ´·Y |Ì·Âe h�Z] |¿YÂe

d�Y{ |ÅYÂy ÃY�¼Å Ä] Y� Z�£ {�°¸¼� �ËY�§Y Ä¯ {Â� Z�£ �{ [Â¸�»  [12]  µZ� �{ .2008   Ê�ÅÁ�a ½Z¬¬v» ,É{ÔÌ»
ÄÌ^�  ½YÂÀ�  Z]  Y�  É�Z�CFD   {  dÌ^�«  c|� Á  µZÌ�µZ¿Z¯  �ÄËÓ ÉY�Y{  ÉZÅ[M  �{  Ä¯ Ã|ÀÀ¯Y|m É¾Ë�Ì�¾¯ ZÅ

Ê» Ã{Z¨f�YÄÌ^� .|¿{Y{ ¹Zn¿Y ,|¿Â� Ä ·Z�» �Â�À» Ä] É�Z� [Â�� �ÅZ  ̄,Z�£ t�� ÉÁ��] Ê��] �Àe �ËY�§Y d¸� É
Ä¯ {Y{ ½Z�¿ lËZf¿ .d§�³ ¹Zn¿Y ,Z�£ ��Ze�� �{ ¹�m µZ¬f¿Y {�°¸¼� �] c�Z�¿ ¾ÌÀr¼Å Á Z�£ t�� ÉÁ��] ®¼¿   ÄËÓ

Ã|ÀÀ¯Y|mÄ�Â£ �Â¿ ®Ë Ä] d^�¿ ,½M �Y d�Z¨u Á Z�£ t�� �Y ®¼¿ [Â�� ¥~u �Zv· �Y Ê³Y�´Ë� É ½Á�¬» ,�Á -
Ä][M ÃZ´f�{ {�°¸¼� �ËY�§Y h�Z] ¾ÌÀr¼Å Á Ã{Â] Ä§��¾Ë�Ì�Ê» ¾¯ {Â�  [13].  Ä ·Z�»Ä] É�´Ë{ ÉÄÌ^� �Â�À»-
�  ºnu É�Zne ÃZ´f�{ ®Ë �{ ½ZË�m ÉZÅÂ´·Y É�ZÄf�� Ä¯ Ã|ÀÀ¯ Y|m ÉÁZu µZ¿Z¯ ÉY�Y{ {Á|v» Ã|ÀÀ¯ Y|m ÉZÅ

Ä¸�Z§ \�ZÀ» Á ªÌ«{ [Zzf¿Y Ä¯ {Y{ ½Z�¿ lËZf¿ .d§�³ ¹Zn¿Y ,|¿{Â] Ã|� ºÌ�Àe cÁZ¨f» \Ìe�e Ä� �{Äf�� É  ÉZÅ
½M ¶v» Á Ê���ÄÀÌÆ]  ÉY�] ,ZÅÄÌ^� Ä]  ÄmÂe  Z]  .d�Y ºÆ» �ZÌ�] Ã|ÀÀ¯ Y|m É�Z�[Â¸�» Ä�|ÀÅ ,É�Z�Z] �e    �Y�«

Ã|ÀÀ¯ Y|m ½{Y{Ä¸�Z§ �ÅZ¯ Á µZ¿Z¯ �{ ª¸ » c�Â� Ä] Ê��� ÉZÅÄ¸�Z§ �ÅZ¯ .d�Y ZÆ¿M ¾Ì] É½M ¾Ì] É ZÅ
µZ § ¦·Zz» ½ZË�m Á Ã|� ÄÀÌ�Ì]  Ê��] �Àe �ÅZ¯ h�Z]Ê» {ZnËY Y� É�e µZ¬f¿Y {Â^Æ] h�Z] d�Y ¾°¼» Ä¯ |À¯

¾Ì¼Å .{Â� LZ�£ t�� ÉÁ� �Y ¹�mZ§ �ÅZ¯ Ä¯ |� ÄnÌf¿ �Â�Ê» Ê��� Ä¸�  d§Y ÄmÂe ¶]Z« �ËY�§Y h�Z] |¿YÂe
ÄnÌf¿ �{ Á µZ¿Z¯ �Z�§ÄÀË�Å �ËY�§Y h�Z] ½M É {Â� ÊeZÌ¸¼� ÉZÅ[14]  Ê�ZË� µ|» Ê���] ½YÂÀ� dve Ê�ÅÁ�a .

Ä]  ®¼¯ Ä] Ã|»M d�{CFD  �Ìa ÉY�][M ®Ë �Zz] Êe�Y�u �Â��b¼¯ {�°¸¼� ÊÀÌ]¾Ë�Ì� Ã�iY  |Àq É�Ì�¬e ¾¯
)MED  µZ� �{ (2016   ºÌu� É�Â¿ ��Âe É{ÔÌ»ÊÅÂ¯ Á É{Z]M cZ�Ô�Y .d§�Ë~a ¹Zn¿Y ½ÔÌ³ ÃZ´�¿Y{ �{ Ê·Z¼¯

Ä]  Á  ¦¸fz»  É{�°¸¼�  ÉZÅ�f»Y�Za  �ÌiZe  .|¿|�  ÊnÀ��Z^f�Y  Êf À�  cZ�Ô�Y  Z]  Ê�ZË�  ºfË�Â´·Y  �Y  Ã|»M  d�{
�Y Ã|� ¶�Zu lËZf¿  Á |Àf§�³ �Y�«  Ä ·Z�» {�Â» �Â��b¼¯ ÊËM�Z¯ �{ Ê�|ÀÅ ÉZÅ�f»Y�Za  ) :Ä¯ |¿{Â] �Y�« ¾ËY1  (

Ä�]Y�ÄËZa �] ½{�¯ �Â¸z» Ã{�Z] Ä^�Zv» ÉY�] ÉY  É�Z�·|» ÉCFD  ) ,|»M d�{ Ä]2  Ä] �nÀ» ÄË~¤e ÉZ»{ �ËY�§Y (
 ®qÂ  ̄¾ÌÀr¼Å Á É{Á�Á ¶¯ �Zz] ½ZË�m d��� �ÅZ¯Ä¿ZÅ{ ½|� �eÊ» Ê�y c�Â� Ä] µ�Z¿ É) ,}Â�3 �ËY�§Y (

Y�§Y Ä] �nÀ» ÊËZÆ¿  µÂ�v» ½ZË�m d��� Á {Â� Ã{Z»M É�eÓZ]  Êe�Y�u �^À» Ze Ã|� ¶¯ �Zz]  ½ZË�m d��� �Ë
Ê» �Ì�¬e ½ZË�m d��� ¾f§� ÓZ] h�Z] ÄnÌf¿�{) ,{Â�4Ê] h�Z] Êe�Y�u �Â��b¼¯ �eÓZ] ­�v» �Zz] ÉZ»{ ( Ê¼�¿

Ê» �f�Ì] ( Êb·Zf¿M )) Á {Â�5ÄÌ^� ( É�Z�CFD  Ê»�m ��¯ ,µ�Z¿ ªË��e �Z£M �{ É�¯�» |ÀËM�§ �Â«Á Z] Ä¯ {Y{ ½Z�¿
Ê» �ËY�§Y É|Ì·Âe cY��« �Z � Á �ËZ»duZ�» ÄÌuZ¿ �{ �ËZ» �Z§ ¾ÌÀr¼Å ,|]ZËÄ] Êe�Y�u �Â��b¼¯ d]Zi  ¶»Z¯ �Â�
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Ê»  |Ë|aZ¿ {Â�[15] .  ÊeÓZÌ�  Ê°Ì»ZÀË{  É�Z�·|» 1Demister  [M  ®Ë¾Ë�Ì�Ä¸u�»  |Àq  É�Ì�¬e  ¾¯Y  ÉMSF   Ê�
.d§�³ �Y�« Ê���]  {�Â» Ê�ÅÁ�a     ®Ë ÊuY�� �ÅÁ�a ¾ËY �Y ¥|ÅDemister   {�°¸¼� Á º¯ �Z�§ d§Y Z] |Ë|m

�Ìa .{Â� c�Y�u µZ¬f¿Y ÉY�] �ZÌ¿ {�Â» t�� �ÅZ¯ h�Z] |¿YÂf] Ä¯ ÓZ] É�Z�Y|m  �]Ze �f�Ì»{ {�°¸¼� Ä¯ Ã|� ÊÀÌ]
ºÌ� ��«) ÊuY��Y�» ÉZ»{)ÊeZÌ¸¼� ÉZÅ�f»Y�Za Á (ZÅ  É�Z�·|» �Y Ã{Z¨f�Y Z]  ¥|Å ¾ËY Ä] ½|Ì�� .d�Y (¶uCFD 

Ã{Y{ �Â�ÀÌ¼Å Á Ê]�ne cZ�ËZ»�M Ä] ÄmÂe Z] Ä¸�Zu lËZf¿ .d§�³ �Y�« Ê���] {�Â»Ä] ÉZÅ  ÉZÅ|uYÁ �Y Ã{Z»M d�{
MSF  dv� ,±��] �Z¯ �ZÌ¬» Z]  É�Z�·|» Ä¯ |� ÄnÌf¿ .|¿|� ÊnÀ�CFD    d�Y �^f » ZÅ�f»Y�Za Ã{Á|v» Ê»Z¼e ÉY�]

Á  �Ìa  .d�Y Ã{Y{ ¹Zn¿Y dÌ «YÁ Ä] ®Ë{�¿ Ê¸Ìy ÊÀÌ]Demister  Ê¸^« Ä] ÄÌ^� Ä�|ÀÅ Z] |Ë|mºÌ� ��« Z] Ê·Á ZÅ ÉZÅ
�Ìa É�Z�Y|m Ã{�Z] Á �Z�§ d§Y ÉY�] ½M {�°¸¼� Á |� ÄfyZ� Á ÊuY�� {�Y|¿Zf�Y d·Zu �Y �f°qÂ¯  �{ .|� ÊÀÌ]

  ºÌ� ��« dËZÆ¿24/0  Ê¸Ì»  �Z�§ d§Y �ÅZ¯ �Â�À» Ä] �f»¶]Z«  �ÌiZe  ½Á|] É�Z�Y|m |ÀËM�§  Ã{�Z] ÉÁ� �] Ä�uÔ»
|� [Zzf¿Y[16]   .  

         [M Ê§��» É��¿Y �ÅZ¯ ÉY�] |Ë|m \Ì¯�e¾Ë�Ì�¾¯[M Á cÂ�Y�§ É�Â·ÂÀ°e \Ì¯�e ,ZÅ¾Ë�Ì�Ê» ¾¯ -
¾Ë|] .|�Z][M �Â�À»¾Ë�Ì�d�Y Ã|� ÄfyZ� Á ÊuY�� ��|» dÌ]�e ÃZ´�¿Y{ �{ ÊeÂ�Y�§ ¾¯[17]   .  

       �ËZ»�M {Y| e �ÅZ¯ ,|À¿Z» Ê§Y|ÅY ¾f§�³ ��¿ �{ Z]ÄÀË�Å �ÅZ¯ Á ZÅ Ä¿Z»Z� �Y ÊmÁ�y sÔ»Y ½Y�Ì» Ê���] ,ZÅ
[M¾Ë�Ì�É{Á�Á d��� ¶j» ZÅ�f»Y�Za Ê� ] ÉY�] ÄÀÌÆ] d·Zu ®Ë Ä] ½|Ì�� �Â�ÀÌ¼Å Á cÂ�Y�§ ¾¯   ¡Y{ ÉYÂÅ

[M Ä¿Z»Z� {�°¸¼� {Â^Æ] �Â�À» Ä] ...Á¾Ë�Ì��Y�§ ¾¯,cÂ  Ä¿Z»Z� ¾ËY.d§�³ �Y�« ÊeÓZÌ� Ê°Ì»ZÀË{ ¶Ì¸ve {�Â»  
  

�Á� Á {YÂ» ZÅ  
         µÁ�Z»  �Y  ªÌ¬ve  ¾ËY �{CFD  ¹�¿  |À¼e�|«  �Y�§YANSYS 15.0     d¯�� ÄfyZ�ANSYS Inc.    .d�Y  Ã|� Ã{Z¨f�Y

[M Ä¿Z»Z� Ä�|ÀÅ {ZnËY Á ÊuY�� �Â�À» Ä] ¾ÌÀr¼Å¾Ë�Ì�¹�¿ �Y cÂ�Y�§ ¾¯  �Y�§YSOLIDWORKS 2016 edition 64x  
ÄÌ^� �{ �ZÌ¿  {�Â»  Ä¨·Â» ¾Ì·ÁY .d�Y Ã|� Ã{Z¨f�Y  |ËZ] É|À] Ä°^� �Y  | ] .d�Y É|À] Ä°^� Á Ä�|ÀÅ ¾fyZ� É�Z�

]YÂe ¾ÌÀr¼Å Á ÄÌ·ÁY Á É��» �ËY��ÄÌ^� dÆm �ZÌ¿ {�Â» �  �Y�§Y ¹�¿ �b� .{Â� �Zv· É�Z�ANSYS CFX   cZ^�Zv»
ÄÌ^� �Y ¶�Zu lËZf¿ Á ¹Zn¿Y Ä¸X�» ¶Ì¸ve �Â�À» Ä] Y�¹�¿ ÄnÌf¿ d¼�« �{ É�Z� ªÌ¬ve �{ .d�Y Ê��f�{ ¶]Z« �Y�§Y

[M Ä¿Z»Z� ��Zu¾Ë�Ì�ÄÌ^� É{|� c�Â� Ä] cÂ�Y�§ ¾¯.|� É�Z�    
  

 Ä�|ÀÅ {ZnËY[M Ä¿Z»Z�¾Ë�Ì� ¾¯  
         Ä¿Z»Z� ÉY�] É| ] Ä� Ä�|ÀÅ Y|f]Y .d�Y ��¿ {�Â» Ä¿Z»Z� �Y É| ] Ä� Ä�|ÀÅ {ZnËY É{|� ¶Ì¸ve �{ Ä¸u�» ¾Ì·ÁY
[M¾Ë�Ì�¹�¿ ��Âe cÂ�Y�§ ¾¯  �Y�§YSOLIDWORKS    ¶°�) ,|� {ZnËY1 ��fz» c�Â� Ä] ��¿ {�Â» Ä¿Z»Z� Ä�|ÀÅ .(

Ê» Ã{Y{ tÌ�Âe] ÄmÂe Z] .{Â�) ¶°� Ä1d¼�« Ê»Z¼e ,(  Ä�Ì� �Àm �Y ZÅ10  Ê¸Ì»Ê» �f»  \ °» {Z ]Y .|À�Z]15*40*50 
Êf¿Z�  d¼�« .d�Y \ °» �f»2  [M ½�z» ,¶°� �{ Ã|� Ã{Y{ ½Z�¿¾Ë�Ì�  {Z ]Y Ä] ¾¯15*15  Êf¿Z�Ê» �]�» �f» .|�Z]

  d¼�« �Â�ÀÌ¼Å1[M É{Á�Á ,Ã�ËY{  ÄÌ·ÁY �Â�  ��« Ä]  ÉY5/2  Êf¿Z��ÀÌ¼Å ,�f»  d¼�« �Â3  Ä] ¡Y{ ÉYÂÅ É{Á�Á ,
Ã�ËY{ Ä¿Z»Z�  ��« Ä] ÉY9  Êf¿Z�  d¼�« ,Ä¿Z»Z� �Y ÊËZÆ¿ �Zz] ÊmÁ�y dËZÆ¿ �{ Á �f»5Ã�ËY{ ,  ��« Ä] ÉY6  Êf¿Z� �f»

Ê»  .|�Z]  
  

 
١- Demister are used to remove entrained brine droplets from flashed off vapor within the flashing stages of the multi 
stage flash desalination process (MSF)  
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 ¶°�1 Ã|� ÊuY�� Ä¿Z»Z� :[M É¾Ë�Ì� cÂ�Y�§ ¾¯  

  
  

ÄÌ^� �{ Ã|� Ã{Z¨f�Y Ä¿Z»Z� Ä�|ÀÅ:É�Z�  
       ÄÌ^� |ÀËM�§ ÊfuY� �Â�À» Ä] [M Ä¿Z»Z� Ä�|ÀÅ ,É�Z�¾Ë�Ì�) ¶°� c�Â� Ä] ¾¯2¹�¿ ��Âe (  �Y�§Ysolidworks  

ÄÌ^� d¼�« �{ ��¿{�Â» Ä¿Z»Z� ÊmÁ�y Á ZÅ É{Á�Á ÊuYÂ¿ �¬§ Ä¯ |� ÊuY�� .{Â� Ã{Z¨f�Y É�Z�  

  
 ¶°�2[M Ä¿Z»Z� :¾Ë�Ì� |ÀËM�§ �{ Ã{Z¨f�Y {�Â» cÂ�Y�§ ¾¯ÄÌ^�É�Z�  

  É|À] �»  
[M µ|» ¶Ì¸ve Á ÄË�ne �Y ¶^«¾Ë�Ì�¶u d¼�« �{ Ã|� {ZnËY cÂ�Y�§ ¾¯ �³ANSYS CFX  �» �ZfyZ� {ZnËY

ÄÌ^� ¹Zn¿Y �Â�À» Ä] .d�Y É�Á��Ä°^� dÌ¨Ì¯ ,ªÌ«{ É�Z�  �{ d«{ ¾Ì] µ{Z e {ZnËY ÉY�] .d�Y ºÆ» Ê¸Ìy É|À]
ÄÌ^�ÄÌ^� ½Z»� Á É�Z�Ä°^� |ËZ] É�Z�] É|À]  Ä�|ÀÅ ½{Â] º�À» ¶Ì·{ Ä] ªÌ¬ve ¾ËY �{ .{�Ì´] ¹Zn¿Y ÄÀÌÆ] c�Â� Ä

µY�|Å Y�fe �Â¿ ½Z¼·Y �Y ,Ä¿Z»Z�1 ) ¶°� |� Ã{Z¨f�Y3 Ä] Y� �» º¯Y�e �Y|¬» ,d«{ �ËY�§Y ¶Ì·{ Ä] .(100%   .ºË|¿Z��
 {Y| e285978  .|»M {ÂmÁ Ä] ½Z¼·Y  

 
1- Tetra hederal 
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 ¶°�3�» : [M Ä¿Z»Z� É|À]¾Ë�Ì� Ä] cÂ�Y�§ ¾¯ÄÌ^� �Â�À»É�Z�  
É{|� ¶Ì¸ve �{ Ã|� Ã{Z¨f�Y cÓZÌ� �YÂy Á É��» �ËY��  

       ¹�¿ �{ �Y�§YANSYSCFX Ã{Z» ¹Z¿ Ä] ÉY1NaCl ) µÁ|m �{ Ã|� k�{ cZ�z�»1.|� ¦Ë� e (  
 µÁ|m1 �YÂy :NACL 

Ã{Z» �Â¿  Ê·Z´q  )3g/cm (  ) Ê·Â» ¹�mg/m(  ) Ã�ËÁ ÊËZ»�³ dÌ§��j/kg.k(  
NaCl 165/2  44/58  53/629  

  Á [M �Zz] �Y Ê�Â¸z» c�Â� Ä] Ä¯ �´Ë{ Ã{Z» ®Ë �b�NaCl É{Á�Á �Y Ê°Ë ½YÂÀ� Ä] ,d�Å �Zv· Ä¿Z»Z� ÉZÅ
Ê» ¡Y{ ÉYÂÅ c�Â� Ä] �Ì¿ Ä¯ É�´Ë{ µZÌ� .|�µZÌ� �ËY�� .|Ë{�³ Ê§Z�Y Ä¿Z»Z� Ä] ¹Á{ É{Á�Á ½YÂÀ� Ä] ,|�Z] -

 c�Â� Ä] �Ì¿ ��¿{�Â» Ä¿Z»Z� Ä] É{Á�Á ÉZÅ) µÁ|m2Ê» (.|�Z]  
 µÁ|m2µZÌ� �ËY�� :[M Ä¿Z»Z� Ä] É{Á�Á ÉZÅ¾Ë�Ì� cÂ�Y�§ ¾¯  

É{Á�Á  ) d���m/s (  ) É�Â^� ��¬»2m(  ) Z»{°C (  
 ¡Y{ ÉYÂÅ  5/3  0081/0  60  

�Zz] �Â¸z»  Á [MNaCl 3/0  00495/0  30  
) µÁ|m ¶°� Ä] ½|� Ã�Ì¼eY �Y ¶^« ÄÌ·ÁY �Â� [M �ËY�� �Â�ÀÌ¼Å3Ê» ( .|�Z]  

µÁ|m3Ä¿Z»Z� Ä] {Á�Á �Y ¶^« ÄÌ·ÁY �Â� [M �ËY�� :  
 µZÌ�   Z»{)°C (  [M �{ µÂ¸v» {YÂ» ½Y�Ì» )ppm(  

 ÄÌ·ÁY �Â� [M  25  15000  
       Á [M �Zz] É{Á�Á d��� Ä°ËY Ä] ÄmÂe Z]NaCl Ê» Ä¿Z»Z� Ä] ¡Y{ ÉYÂÅ É{Á�Á d��� �Y �f¼¯ �ZÌ�] ¹Z´ÀÅ ,|�Z]

 ½ZË�m ,ºÅ Ä] ½ZË�m Á{ {�Ây�]Ê´f¨�M Ã|� {ZnËY ÄËÓ ZË ¹Y�M c�Â� Ä] Á Äf�Y|¿ÉY Ê».|�Z]  
  

ÄÌ^� �{ Ã|� �Zv· cZÌ��§É�Z�  
ÄÌ^� dÆmªÌ«{ É�Z�[M Ä¿Z»Z� �e¾Ë�Ì� ��¿ �{ �Ë� c�Â� Ä] ÊeZÌ��§ ,�ÅÁ�a ¾ËY �{ Ã{Z¨f�Y {�Â» cÂ�Y�§ ¾¯
:|� Äf§�³  

• Ê] ��¿ {�Â» Ä¿Z»Z� Ê¿Á�Ì] t��.|� ��§ Á��{ 
•  ½ZË�mÄËÓ Á ¹Y�M Á [M �Zz] �Â¸z» µZÌ� {�Ây�] ÄÌuZ¿ �{ ÉYNaCl  .|� ��§ É{Á�Á ¡Y{ ÉYÂÅ µZÌ� Z] 
•  .|� ��§ �Ìv» ÉYÂÅ �Z�§ ,�Â�¿Y|À¯ Ä] ¶�f» ÊmÁ�y �Z�§ 

  
Äv�ÄÌ^� lËZf¿ Z] ÊÅZ´�ËZ»�M lËZf¿ É�Y~³ lËZf¿ ¶Ì¸ve Á É{|� É�Z�  

 
1 - sodium chlorides 
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       Ã{Y{ ÊnÀ��Z^f�Y �Â�À» Ä] ÊmÁ�y d¼�« �{ YÂÅ ÉZ»{  ��Âe É{|� É�Z� ÄÌ^� �Y ¶�Zu ÉZÅANSYSCFX ,
[M Ä¿Z»Z� ÊmÁ�y d¼�« �{ Z»{ .|� [Zzf¿Y¾Ë�Ì�Ê» ¶�f» �Â�¿Y|À¯ Ä] Ä¯ cÂ�Y�§ ¾¯¹�¿ ��Âe �Z^°Ë ,{Â� �Y�§Y

Ã�Y|¿Y lÀ�Z»{ ��Âe Ê]�ne �ËZ»�M ¾Ìu �´Ë{ �Z] ÁÃ|� É�Ì³  .|¿|� Ä�ËZ¬» ºÅZ] Á  
  

hv] Á lËZf¿  
       �Á� Á {YÂ» �z] �{ Ä¯ ½ZÀr¼Å[M Ä¿Z»Z� ªÌ¬ve ¾ËY �{ |� ½YÂÀ� ZÅ¾Ë�Ì�  ��Âe cÂ�Y�§ ¾¯ANSYS CFX 

Ê» �Ë� c�Â� Ä] É{|� ¶Ì¸ve �Y ¶�Zu lËZf¿ .|� �«YÁ ÊeÓZÌ� Ê°Ì»ZÀË{ ¶Ì¸ve {�Â»:|À�Z]  
 Z»{ �Ë�Âe  

         É�´Ë{ Á É{Á�Á ¡Y{ ÉYÂÅ Ê°Ë Ä¯ Ä¿Z»Z� Ä] YÂÅ É{Á�Á ÄÌuZ¿ Á{ �Å ÉZ»{ ,Ä¿Z»Z� ÉZ»{ �Ë�Âe ¶Ì¸ve ÉY�]
 Á [M �Zz] ¶»Z� É{Á�Á µZÌ�NaCl Ê»» Ä¿Z³Y|m c�Â� Ä] ,|�Z]Ê» �Y�« Ê���] {�Â .|¿�Ì³  
É{Á�Á ¡Y{ ÉYÂÅ ÉZ»{ �Ë�Âe  

       [M  Ä¿Z»Z�  Ä]  É{Á�Á  ¡Y{  ÉYÂÅ  ÉZ»{  �Ë�Âe ¾Ë�Ì�  Ä¿Z»Z�  Ä]  É{Á�Á  d¼�«  �{  Ä¯  cÂ�Y�§  ¾¯60    Äm�{
) ¶°� �{ ,{Â]  {Y�´Ìf¿Z�4 �{ Ä¯ d�Y �z�» ¶°� Ä]  ÄmÂe Z] .d�Y Ã|� Ã{Y{ ½Z�¿  d]Zi Ê¼nu Ê]{ ®Ë �{ (

� ÉÓZ] ÊuYÂ¿ Á [M �Zz] �Â¸z» ÉYÂÅ Á É{Á�Á ÉYÂÅ ¾ËY ¾Ì] Ê¸yY|e Ä¯ Ä¿Z»ZNaCl  É{Á�Á ÉZ»{ ,{�Y|¿ {ÂmÁ
Ê» d]Zi c�Â� Ä]Ê» Y|Ìa ¶yY|e ºÅZ] Ä¿Z»Z� Ä] É{Á�Á ÉYÂÅ Á{ ¾ËY Ä¯ Êf¼�« �{ Ê·Á .|¿Z» ÉYÂÅ ÉZ»{ ,|ÀÀ¯

Zz] �Â¸z» ÉYÂÅ É{Á�Á ®Ë�¿ ¾ÌËZa ÄÌuZ¿ �{ Á Ã|� º¯ Äf§� Äf§� É{Á�Á ¡Y{  Á [M �NaCl  ¾ÌËZa Ä] Z^Ë�¬e ¾Ë�e
Ê» {Ây |u .|��  

  
¶°�4É{Á�Á ¡Y{ ÉYÂÅ ÉZ»{ �Ë�Âe :  

  
 Á [M �Zz] �Â¸z» É{Á�Á ÉZ»{ �Ë�ÂeNaCl  

         Á [M �Zz] �Y Ê�Â¸z» c�Â� Ä] Ä¯ Ê·ZÌ� É{Á�Á ÉZ»{ �Ë�ÂeNaCl  Ê») ¶°� �{ |�Z]5 .d�Y Ã|� Ã{Y{ ½Z�¿ (
  ,¶�Zu lËZf¿ Ä] ÄmÂe Z]Ê» Ã|ÅZ�» �]Y�] Á d]Zi Z]�¬e ,É{Á�Á ¡Y{ ÉYÂÅ Z] {�Ây�] �Y ¶^« �Â¸z» ¾ËY ÉZ»{ Ä¯ {Â�

  ,{Ây ÄÌ·ÁY �Y|¬»30  Ê» {Y�´Ìf¿Z� Äm�{  ,É{Á�Á ¡Y{ ÉYÂÅ d¼�« Z] ¶yY|e ÄnÌf¿ �{ Á ½|� ®Ë{�¿ �Y | ] Á |�Z]
ÀÌ�Ì]  Ä]  �Â¸z»  ÉZ»{ ,¡Y{ ÉYÂÅ ¾ËY Z]  ��»  �{  Á  Äf§� ÓZ]  �Âz» ¾ËY  ÉZ»{  ®Ë{�¿  ÊÀ Ë  {Ây �Y|¬»  Ä50   Äm�{

Ê» {Y�´Ìf¿Z�        .|��  
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 ¶°�5 Á [M �Zz] �Â¸z» É{Á�Á µZÌ� ÉZ»{ �Ë�Âe :NaCl 

 Ê¼nu��¯  
          Ê¼nu ��¯�{ Ê¼Ì� ½ZÌ] ÉY�] d�¸£ �{ Ã{Z» ®Ë µÂ¸v» Ê» Ã{Z¨f�Y�Y d�Y c�Z^� Á {Â� ºnu  {Z»  Ã {�Â»

��¿ µÂ¸v» ¶¯ ºnu Ä]  d�Y | ] Ê] ÊfÌ¼¯ Ê¼nu ��¯ Ä¯)IUPAK( . Ê¼nu ��¯ Ä¿Z»Z� Ä] É{Á�Á µZÌ� Á{ ÉY�]
Ê» �ÌÌ¤e �Ë� c�Â� Ä].|À¯  

É{Á�Á ¡Y{ ÉYÂÅ Ê¼nu��¯  
         ¡Y{ ÉYÂÅ Ê¼nu ��¯[M Ä¿Z»Z� ¡Y{ É{Á�Á¾Ë�Ì�) ¶°� �{ cÂ�Y�§ ¾¯6  �Z�Y �] .d�Y Ã|� Ã{Y{ ½Z�¿ (

 Á [M �Zz] �Â¸z» ÉÁZu µZÌ� Z] ¶yY|e Ä¯ ÊuYÂ¿ �{ Ê¼nu ��¯ ,¶°� ¾ËY �Y ¶�Zu lËZf¿NaCl  �{ {�Y|¿ {ÂmÁ
Ê» Y|Ìa ¶yY|e ºÅZ] É{Á�Á µZÌ� Á{ ¾ËY Ä¯ ÊuYÂ¿ �{ �°��] Á Ã{Â] {Ây �Y|¬» ÄÀÌ�Ì],|ÀÀ¯   ¡Y{ ÉYÂÅ d�¸£

Ê» Y|Ìa �ÅZ¯ Ä¿Z»Z� Ä] É{Á�Á.|À¯  

  
 ¶°�6É{Á�Á ¡Y{ ÉYÂÅ Ê¼nu��¯ :  
 Á [M �Zz] �Â¸z» ÉÁZu µZÌ� Ê¼nu��¯NaCl  

         Á [M �Zz] ÉÁZu µZÌ� Ä] �Â]�» Ê¼nu ��¯NaCl  ) ¶°� �{7 ÄnÌf¿ ¾ËY ¶°� �Z�Y �] .d�Y Ã|� Ã{Y{ ½Z�¿ (
Ê» ¶�Zu  µZÌ� Ê¼nu ��¯ Ä¯ {Â�[M Ä¿Z»Z� Ä] {Ây É{Á�Á Ê°Ë{�¿ �{ ��¿ {�Â»¾Ë�Ì� �Y|¬» ÄÀÌ�Ì] cÂ�Y�§ ¾¯

 ¾Ë�f¼¯ ,µZÌ� Á{ ¾Ì] ��» �{ Á Ã|� º¯ lË�|e Ä] ,É{Á�Á ¡Y{ ÉYÂÅ Z] ¶yY|e Á ¾f§� ÓZ] �Y | ] Á Äf�Y{ Y� {Ây
Ê» �Y�« ºÅ Ê°Ë{�¿ �{ µZÌ� Á{ Êf«Á �a .d�Y Y�Y{ Y� {Ây d�¸£Z»�³ µ{Z e Ä] Ze |¿�Ì³  �Å d�¸£ �Y ,|À��] ÊË

Ê» Äf�Z¯ µZÌ� Á{ �Y ,ºÅ Ä] µZÌ� Á{ �Å ½|� ®Ë{�¿ ¹Z´ÀÅ Ä¯ Ã{Â] ©{Z� µZÌ� Á{�Å ÉY�] ºÌ¬f�» Ä�]Y� ¾ËY .{Â�
µZÌ� É{Á�Á Á ÄÌ·ÁY d�¸£Ê» Äf�Z¯ ZÅ.{Â�  
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 ¶°�7 Á [M �Zz] �Â¸z» ÉÁZu µZÌ� Ê¼nu��¯ :NaCl  

YÂÅ Ê·Z´q  
       ) ¶°�8·Z´q t�YÁ c�Â� Ä] (Ê» ½Z�¿ Ä¿Z»Z� ÊuYÂ¿ Ê»Z¼e �{ Y� Ä¿Z»Z� ¶yY{ ÉYÂÅ Ê �Zz] Ä¯ ÊuYÂ¿ �{ .|Å{

Ê¼¿ Y|Ìa ®¼¿ Z] Ê¸yY|e YÂÅÊ» {Ây Ê·Z´q ¾Ë�f¼¯ É�Y{ |À¯  Ä¯ ÊuYÂ¿ �{ Z»Y .|�Z]NaCl  Ê» Ê�Z« YÂÅ Z]  ,{Â�
|� �Â¸z» ¶¯ Ê·Z´q ¾f§� ÓZ] h�Z]  ,YÂÅ �Zz]  Ä] d^�¿  Ã{Z» ¾ËY  �f�Ì]  Ê·Z´q ¶Ì·{  Ä]  ¾Ë�f�Ì]  Z]  ÊuYÂ¿  �{ Á Ã

µÂ°·Â» ÉZÅNaCl .{�Y{ ÃY�¼Å Ä] �Â¸z» ÉY�] Y� �j¯Y|u Ê·Z´q ,  

  
 ¶°�8[M Ä¿Z»Z� ¶yY{ YÂÅ Ê·Z´q :¾Ë�Ì� cÂ�Y�§ ¾¯  

 Á [M �Zz] ÉÁZu µZÌ� d���NaCl  
      ) ¶°� �{9  Á [M �Zz] �Â¸z» d��� �Ë�Âe ÃÂv¿ (NaCl  [M Ä¿Z»Z� Ä] {Á�Á �Y �a¾Ë�Ì�  ½Z�¿ Y� cÂ�Y�§ ¾¯
Ê» {ÂmÁ Ä] É{Á�Á ¡Y{ ÉYÂÅ Á ��¿|» µZÌ� ¾Ì] Ê�ÔfyY Ä¯ Ê¿Z»� Ze É{Á�Á ÄÌ·ÁY d��� ,¶°� Ä] ÄmÂe Z] .|Å{

Ê» d]Zi ,Ã|»ZÌ¿Ê» ®Ë{�¿ �´Ë|¼Å Ä] µZÌ� Á{ Ä¯ lË�|e Ä] .|�Z] ¹Z´ÀÅ Á Äf§ZË �ËY�§Y ��¿ {�Â» µZÌ� d��� ,|¿Â� 
Ê» {Ây �Y|¬» ÄÀÌ�Ì] Ä] ¶»Z¯ �ÔfyYÊ» ©Z¨eY Ä¿Z»Z� Ä] ¡Y{ ÉYÂÅ É{Á�Á Ê°Ë{�¿ �{ ÄÀÌ�Ì] �Y|¬» ¾Ë .|�� Á |f§Y

Ê» �Á{ ÊËY|f]Y Á É{Á�Á ¶v» �Y µZÌ� Á{ �Å Ä¯ Äf§� Äf§�Ê» Äf�Z¯ ÄÀÌ�Ì] d��� �Y ,|¿Â�®Ë{�¿ �{ .{Â�  ÉZÅ
 Á [M �Zz] ÉÁZu µZÌ� d��� Z^Ë�¬e ÊmÁ�yNaCl  Ä]Ê» {Ây ÄÌ·ÁY �Y|¬» �Y �f�Ì] Á d]Zi d·Zu.|��  
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 ¶°�9 Á [M �Zz] ÉÁZu �Â¸z» µZÌ� d��� �Ë�Âe :NaCl 

 Á [M �Zz] �Â¸z» Ê¼nu ��¯NaCl  ÊmÁ�y �{  
         ªÌ¬ve ¾ËY �{ Ä¯ ,ÄÌ·ÁY É{Á�Á [M ¶yY{ �{ {ÂmÂ» sÔ»Y �Y|¬» Ä] ÄmÂe Z] ppm15000   Ê°Ì»ZÀË{ ¶Ì¸ve ,{Â]

Y{ ½Z�¿ ÊeÓZÌ� �Y|¬» ÊmÁ�y �{ Ä¯ {2 Ã{Z» |��{ ÉNaCl Ê» [M �Zz] ZË Á YÂÅ �Zz] ½M ÄÌ¬] Á Äf�Y{ {ÂmÁ  .|�Z]
  �Y|¬» ZÆÀe ,Y|f]Y �{ [M ¶yY{ {ÂmÂ» sÔ»Y �Y|¬» Z] Ä�ËZ¬» �{ Ä¯ppm  300  Ê» ÊmÁ�y {�YÁ sÔ»Y �Y|¬» ÊÀ Ë .|¿Â�

  Ä]  ®Ë{�¿ppm  14700   Ê» Y|m [M �Y Ä¿Z»Z� ¶yY{ �{ ÄÌ·ÁY  ½Y�Ì» Z] Ä�ËZ¬» �{  sÔ»Y) ¶°� .|¿Â�10 ��¯ ½Y�Ì» (
  Á [M �Zz] �Â¸z» Ê¼nuNaCl  Ê» ½Z�¿ ÊmÁ�y �{ Y�ÄnÌf¿ �{ Ä¯ |Å{  �Y É�ÌqZ¿ �ZÌ�] �Y|¬» �¬§ ,¶°� ¾ËY É

 Z] ÃY�¼Å [M �Zz] �Â¸z»NaCl [M Ä¿Z»Z� ÊmÁ�y �Y¾Ë�Ì� Â^� cÂ�Y�§ ¾¯Ê» �Â�¿Y|À¯ {�YÁ Á Ã{�¯ �.{Â�  

  
 ¶°�10 Á [M �Zz] �Â¸z» Ê¼nu ��¯ ½Y�Ì» :NaCl [M Ä¿Z»Z� ÊmÁ�y �{¾Ë�Ì�cÂ�Y�§ ¾¯  

 Á [M �Zz] �Â¸z» ÉZ»{NaCl  ÊmÁ�y �{  
       ) ¶°�11  Á [M �Zz] ÉÁZu É{Á�Á µZÌ� ÉZ»{ ½Y�Ì» (NaCl  [M Ä¿Z»Z� ÊmÁ�y d¼�« �{¾Ë�Ì� cÂ�Y�§ ¾¯

Ê» ½Z�¿ Y� É{|� Á Ã{Â] Ä¿Z»Z� Ä] É{Á�Á ¡Y{ ÉYÂÅ É{Á�Á ÉZ»{ Ä] ®Ë{�¿ Z^Ë�¬e ÊmÁ�y ÉZ»{ �Z�Y ¾ËY �] .|Å{
  ¾Ì] Z»57    Ze59  Ê» ½Z�¿ Y� {Y�´Ìf¿Z� Äm�{Ã{Y{ ÊnÀ��Z^f�Y �Z�Y ÊmÁ�y ÉZ»{ .|Å{ÄÌ^� �Y ¶�Zu ÉZÅ  Á É�Z�

Ã{Y{�ËZ»�M �Y ¶�Zu ÉZÅ �{ ÊmÁ�y ÉZ»{ .{Â] Ê]�ne ÉZÅ �ËZ»�M {Á|u Ê]�ne ÉZÅ48  Ze50  Ã|� d^i Äm�{
Ã�Y|¿Y ÉZ�y Ä  ̄.d�YÄÌ^� �Y ¶�Zu ÉZÅZ»{ ¾Ì´¿ZÌ» �Z�Y �] É�Ì³ �ËZ»�M Á É�Z�  Z^Ë�¬e ,Ê]�ne ÉZÅ15%  Ê» .|�Z]

ÄÌ^� ÉZÅ|ÀËM�§ �{ Ze Z�y É�Z�20% º�q ¶]Z«Ã{Y{ Á Ã{Â] Ê�ÂaÄÌ^� �Y ¶�Zu ÉZÅÊ» �^f » É�Z� .|À�Z]  

953



National Congress on Biosystems Engineering and Agricultural Mechanization th31 
Tehran, 15-17 September 2021 

 

١١ 
 

  
 ¶°�11 Á [M �Zz] �Â¸z» ÉZ»{ :NaCl  ÊmÁ�y �{ 

  
 ¾Ì�Ìa cZ¬Ì¬ve Z] Ä�ËZ¬»  

µÁ|m )4( , Ä�ËZ¬»ºf�Ì� É|Ì·Âe [M dÌ¨Ì¯®¼¿ ÉZÅ®¼¿ ÃZ´f�{ Á Ê¸�Y ÊËY{�cÂ�Y�§ ÊËY{�   ��Zu ªÌ¬ve)
Ê» ½Z�¿ Y� (ÊeZÌ¸¼� ÉZÅ�f»Y�Za ÄÀÌÆ] d·Zu �{ .|Å{  

  

  

  

 µÁ|m4ÃZ´f�{ ��Âe É|Ì·Âe [M dÌ¨Ì¯ : ÉZÅ®¼¿ �ÅÁ�a ¾ËY �{ Ã{Z¨f�Y {�Â» Ä¿Z»Z� Z] Ä�ËZ¬» Á ¹Â��» ÊËY{�
[10] .  

ED BWRO SWRO TVC MVC MED MSF USD 
(present 
work) 

Process 

Membrane Membrane Membrane Distillation Distillation Distillation Distillation Ultrasonic Classification 
150-500 300-500 400-50 2-50 2-50 2-50 2-50 500-550 Product water 

quality (ppm) 
  

Ê» Ã|ÅZ�»®¼¿ ÃZ´f�{ É|Ì·Âe [M dÌ¨Ì¯ Ä¯ {Â�  �f¼¯ ¹Â��» É�Ì�¬e ÉZÅ ºf�Ì� Ä] d^�¿ cÂ�Y�§ ÊËY{�
Ê»  ÄfyZ� ÊÅZ´�ËZ»�M �ZÌ¬» �{ ÃZ´f�{ ½Âq .|�Z] �Ì¿ �ÂeY�aY ÃZ^f�Y ,|¿YÂe Ê» �»Y ¾ËY ¶Ì·{ .|�Z] �Àm) {Â] Ã|�

 Ä] �Z¯ ¾ËY Ä°ÀËY ¶Ì·|] Z»Y .|�Ì» Ã{Y{ Â� d��� �Â�¿Y|À¯ É{Á�Á ÉY�n» Á �Ìz^e ½�z» Ä¸u�» �Å �{ |ËZ] ,(Ä�Ì�
 ±��] �ZÌ¬» �{ �³Y .|»M {ZË� É�Y|¬» É|Ì·Âe [M É�Â� ½Y�Ì» ¶Ì·{ ¾Ì¼Æ] ,{Â] ¶°�» ,ÃZ´f�{ ½{Â] Äf�] ¶Ì·{

  ÉY�] �Z¯{Ây Ê»�Ì¿Z°» ½YÂfÌ» ,{Â� ÄfyZ� �ËY�§Y Y� Ê¿|Ì»Z�M [M dÌ¨Ì¯ Á d§�³ ��¿�{ ÃZ´f�{ Ê¸yY{ ÉÂ�f��
Ã{Á|v» �{ ,�Ì¿  [M �{ µÂ¸v» |»Zm {YÂ» �Y|¬» ¾Ì¼Å �Z] ,µZu ¾ËY Z] .{Y{ �Â�ÀÌ¼Å .{�Y{ �Y�« Ê¿|Ì»Z�M [M É

ÃZ´f�{ É|Ì·Âe [M É�Â� ½Y�Ì» {Â�Ì» Ä�uÔ» ½Z�°Ë Z^Ë�¬e ªÌ¬ve ¾ËY �{ ��Zu ÃZ´f�{ Z] ,ÊËZ�£ ÉZÅÊ»  .|�Z] 
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ÄnÌf¿ hv] Á É�Ì³  

  
[M Ê°Ì»ZÀË{ ÊeÓZÌ� ¶Ì¸ve ªÌ¬ve ¾ËY �{¾Ë�Ì�  ��Âe cÂ�Y�§ ¾¯ANSYSCFX   Ä] ¶�Zu lËZf¿ .|� Ã{Y{ ¹Zn¿Y

Ê» �Ë� s��:|�Z]  
� ÄÌ^� �Y Ã{Z¨f�Y Z]Ê» É�Z�Ä§�� ÄÀË�Å Á ½Z»� �{ ÊÆmÂe ¶]Z« c�Â� Ä] ½YÂe lËZf¿ Ä] ¾ÌÀr¼Å Á {�¯ ÊËÂm

 ¶]Z«.d§ZË d�{ É�^f » Á {Z¼f�Y 
� Ã{Y{ ¥ÔfyY ½Y�Ì» ÊmÁ�y Á É{Á�Á ÉZ»{ ÉY�]ÄÌ^� Z] Ê]�ne É  Z^Ë�¬e É{|� É�Z�15%    Ä¯ |� ��Y�³

Ê» ½Z�¿ Z�y ½Y�Ì» ¾ËYÊ» Ä¯ |Å{ÄÌ^� lËZf¿ �Y ½YÂe .{�¯ Ã{Z¨f�Y ½ZÀÌ¼�Y Z] É{|� É�Z� 
� [M Ä¿Z»Z� ÊmÁ�y �{ {ÂmÁ sÔ»Y ½Y�Ì»¾Ë�Ì�|u cÂ�Y�§ ¾¯  {Áppm  300   Z] Ä�ËZ¬» �{ Ä¯ |� ��Y�³

) É{Á�Á �{ {ÂmÂ» sÔ»Yppm 15000 {Á|u �{ É�ÌqZ¿ �ZÌ�] ½Y�Ì» ,(2% Ê» .|�Z] 
� [M Ä¿Z»Z� �fÆ] {�°¸¼� ÉY�] Ä¯ {Y{ ½Z�¿ ¶�Zu lËZf¿¾Ë�Ì� Y� É{Á�Á ¡Y{ ÉYÂÅ d��� |ËZ] ,cÂ�Y�§ ¾¯

 Á [M �Zz] ÉÁZu µZÌ� Z] �f�Ì] �ÔfyY Y�] d��§ Ze {Y{ �ÅZ¯NaCl  �ÅZ¯ h�Z] {ZË� d��� Á {Â� {ZnËY
.{Â�¿ Ä¿Z»Z� {�°¸¼�  
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Abstract 

Due to the reduction of fresh water resources, increasing population growth, increasing industrial activities 
and changing people's living standards, water consumption and need increase and consequently, the water 
crisis is rapidly growing around the world, especially in Iran. A variety of desalination systems have been 
developed and used with their common advantages and disadvantages. high energy consumption is a major 
problem in most of the desalination systems. linking the desalination systems with ultrasound technology is 
one of the novel technologies to improve the energy consumption of these systems. In this research, fluid-
dynamic simulation of ultrasound desalination system was performed by ANSYSCFX software. The results 
of numerical simulations were validated with the results of experimental tests. Two types of fluids; hot air 
entering the system and a mixture of vapor and NaCl were defined as system inputs in numerical simulation. 
investigating the solutes amount in system's output of the ultrasound desalination system, was the aim of this 
research. it was shown that according the numerical results, the amount of these solutes in the output was 
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approximately 2% of the total primary solutes in the water. It was also concluded that in order to increase the 
efficiency of the system, the hot air amount entering the system should be decreased. In order to validate the 
inlet and outlet temperature, fluid containing a mixture of vapor and NaCl was used. The result of the numerical 
simulation and the experimental tests difference was just 15%, which indicates that Simulation results are 
trustful. 
Key words: ANSYSCFX, CFD, Desalination, Ultrasound, Validation. 
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