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Ã|Ì°q   

  �]ZÀ» �Y Ê°Ë¾Ì»Pe  �ËY�/� �{ [M®/�y·Z/�[M �Y Ã{Z¨f/�Y Ê ÉZÅ\· Á �Â/�d/�Y �Â/�.  Y�Y Ë¾Á�,  ®¼¿ ÊËY{�
Ê¼Ë|« �Y Ê°ËÉ�ÁZÀ§ ¾Ë�e�·Zy ÉY�] �/�] Ä¯ d/�Y ÊËZÅ[M É�Z/�.d/�Y Ã{�¯ Ã{Z¨f/�Y ½M �Y ½ZÆm �{ �Â/�  �{

µZ//�ZÅÉ yYÌ��ÁZÀ§ ,É Ê//�//�Za �Ìz^e  Y�]É  �Â//� Z] [Ô//�Z§ �§{É � Ë {Z  //�] �{Ì�ZÉ f À//� ¥�Z//�» �YÊ   Ä¸¼m�Y
®¼¿Y{�ÊË �{ [M �Y ËZ  ¨/�e ÁÌÄ ·{ Ä] [Ô/�Z§Ì¶ Y�» ËZÉ » �Y ½MÌ½Y�  z^eÌ�   {ÂmÁ ¹|� Á ÓZ]  Ä]Y�Â/�aÌÃ|/�{ZÆÀ/� 
d/�Y .Y�Y Ë¾Á�  dÌ¨Ì¯ Á dÌ¼¯ Z] Ã��« |Ì·Âe �ZÌ¿ Ä] ÄmÂe Z] ,ªÌ¬ve ¾ËY �{Ê§�/�» É��¿Y ÄÀÌ¼¯ ¾ÌÀr¼Å Á \/�ZÀ» 

,Ê/�/�Za �Ìz^e �{   Ã|À/�Za ®Ë dyZ/� Á ÊuY�� Ä]  Ê¿ZnÀ§ dÀË�a É�ÁZÀ§ ®¼¯ Ä] �YÁ{Ä/�| ]É    Ê]ZË��Y Á½M   Ä]
  Z] �ËÂ/�e ��Y{�a Á [M Ä] �Z/�u ÉZÅ~£Z¯ ®¼¯¹�¿�Y�§Y ImageJ ÄfyY{�aÃ|/�  .d/�Y    Ê]ZË��YÃ|À/�Za  ÄfyZ/�Ã|/�  

 Äf/�]YÁ �Ìq �Å �Y �Ì] Ã��« Ã�Y|¿Y Ä¯ {Y{ ½Z/�¿ [M Ä] �Z/�u ÉZÅ~£Z¯ �/�ÂeÄ]d��/�   Ê¿Y�Á{½ZnÀ§  Z] Á d/�Y
  cY��« ��« �ÅZ¯ �] ÃÁÔ� Ê¿Y�Á{ d��� �ËY�§Y·ÂeÌÃ|�| cY��« ��« ¾Ì´¿ZÌ» ,·ÂeÌÃ|�|    �Ì¿ ËdyYÂÀ°�e   |ÅYÂy

 {Y{ ½Z/�¿ Ê]ZË��Y lËZf¿ .|/�|¿   Ã|À/�ZaÄfyZ/�Ã|/�   { d��/� �{Ê¿Y�Árpm  6000Ê§�/�» É��¿Y ÄÀÌ¼¯ Z] ,,  Ã��« |Ì·Âe
 Ê]ZË��Y �ËY�� �´Ë{ Ä] d^�¿ É�eÓZ] {�°¸¼� ÉY�Y{  {�Y{ Á��«  Ë cY��« ¾Ì´¿ZÌ»dyYÂÀ°�e d�Y.  

  
:É|Ì¸¯ cZ¼¸¯ ®¼¿ ,Ã��« ,ÊËY{� Ã|À�Za Ê¿ZnÀ§Ê��Za �Ìz^e ,�YÁ{, .�ËÂ�e ��Y{�a  
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Ä»|¬»  
·Âe �/�Zu µZu �{Ì|  /� [MÌ� Ë¾  Ë°Ê ºÆ» �Y�e Ë¾  �Á�»Y ½ZÆm cÔ°/�»É  Ä][M Z] ª�ZÀ» �{ �Â/�yYÂÅÁÉ 

Y .d/�Y ®/�y Ë½Y�  ¿Ì� Y Ä] ÄmÂe Z] ËÄ°À »� ®/�y |À]�¼¯ �{Ì¾ Äf§�³�Y�« |m ½Y�v] Z]É    d/�Y ÄmYÂ» [M[1].   Ê°Ë
 �]ZÀ» �Y¾Ì»Pe   �ËY�/� �{ [M®/�y·Z/�[M �Y Ã{Z¨f/�Y Ê ÉZÅ ,d/�Y �Â/�Y�Y Ë¾Á� ®¼¿Ê¼Ë|« �Y Ê°Ë ÊËY{� ¾Ë�e
É�ÁZÀ§�·Zy ÉY�] �/�] Ä¯ d/�Y ÊËZÅ[M É�Z/�.d/�Y Ã{�¯ Ã{Z¨f/�Y ½M �Y ½ZÆm �{ �Â/� �¬eÌ�  /��ÂyÌ|É  ] �Á� Z

¿� d]Â��Ê d]Â�� ÁY{�ÊË  )HDH(1  Ë® ¨» �Z°ÅY�Ì|   §�� �Z/�Y �] Ä¯ d/�YÌd ¯�eÌ\  � �Y|¬» Z] YÂÅ Ë {Z  [M�Zz]
 {Â»�e µÂ/�Y Á Ã{Â] �YÂf/�Y Ë»ZÀÌ°Ê ½YÁ� �Y{Â¼¿ �Y Ã{Z¨f/�Y Z] ½MnÀ/�Ê2  /�Âe ¶]Z«Ì t  .d/�YµZ/� �{ZÅÉ yYÌ� ,

�ÁZÀ§É  Ê/�/�Za �Ìz^e  Y�]É  �Â/� Z] [Ô/�Z§ �§{É  � Ë {Z  /�] �{Ì�ZÉ f À/� ¥�Z/�» �YÊ ®¼¿ Ä¸¼m�YY{�ÊË �{ [M �Y ËZ   Á
¨/�eÌÄ  ·{ Ä] [Ô/�Z§Ì¶  Y�» ËZÉ » �Y ½MÌ½Y�  z^eÌ�  {ÂmÁ ¹|� Á ÓZ]  Ä]Y�Â/�aÌÃ|/�{ZÆÀ/�  d/�Y  [2], [3].  �ËZ»�M Á ZÅ

  ÉÁ� �] É�ZÌ�] cZ ·Z�»iPeÌ�  Ã|Ë|a ÉÁ� �] ��Za dÆm  �Ìz^e É¹Zn¿YÃ|�|¿Y  .Ã{Y{ ½Z�¿ lËZf¿Ä¯ |¿Y    Ã{Z¨f�Y �Á�
  �//�Za Á ÓZ] d¼//� Ä] µ�Z¿ �YÄ]c�Â//� Ã�YÂ§�Á� �ËZ//� Ä] d^//�¿ �Ìz^e ¶Ì¼°e ÉY�] É�f¼¯ d§Z//�» ÉY ÉZÅ

Ä]³�Z¯Ì� d//�Y{ |ÅYÂy µ�Z¿ É[4]  . Ê¬Ì¬ve �{Ä]�Â�À»  Ä�¨v» ®Ë ,�Ìz^e {�°¸¼� {Â^Æ]  �Â¿ �Y Ê//�//�Za �Ì�¬e É
  .|/� Ã{Y{ Ä /�Âe ½Â¸°Ì/�iPeÌ� Z» Ä] �Z³ ºnu d^/�¿ Ë �YÂÅ d��/� Á Z»{ ,É   {Á�Á ¹�³ÉZ»{ ,É Z» Ë � ~¤e ËÄ  �Z/�§ Á

z^e ¹Z´ÀÅ µ�Z¿Ì� Ä]Z»�M c�Â/� Ë/�Ê  {|� ÁÉ  {�Â» /���]Ê    �Y�«  .d§�³Zf¿ Ë l    ½Z/�¿ {Y{|¿ �m Ä¯ Ë½Z Ê/�y�q, ½Z»� 
��« d»Z«YÃZÅ ¿ÓÂ� Y� Ä/�¨v» �{Ê» �eÊY�]Z/À] ,|/À¯ Ë¾  {�°¸¼� z^eÌ� »Ê {Â^Æ] |¿YÂe/Ë|]Z [5]�//� Ä/ //�Âe . Ë �  »Ì½Y|  

e�Y�uÊ  {�¿ �Z^e�Y Ë°Ê    Z»�³ µZ¬f¿Y  �ÌÌ¤e Á|//� �Z§ Ë|  {�Y{  Y�Y Ë¾Á� Y�§Y Z] Ë� Z»{É YÂÅÉ   {Á�Á ¹�³É Ä�¨v» Ä] É
�Ìz^e» ,Êz^e {�°¸¼� ½YÂeÌ�  » Ä/] Y�Ì½Y� ¶/]Z/«ÆmÂeÊ   {Y{ {Â^Æ]  [5].  /»�M�ËZ  Ê//���] ÉY�] ÊËZ/ÅiP/eÌ�    {|/� [Â¯Y�  

3)JaÊ¿ZÆ³Z¿ �Ìz^e ÉÁ� (4 Ä]/�ÁÌÄ¸   �/�Zadve�Z/�§    ÓZ] ÉZ»{ Á¹Zn¿YÃ|/�|¿Y½M lËZf¿ . {Y{ ½Z/�¿ ZÅÃ|¿Y  �ËY�§Y Z] Ä¯
  {|/�[Â¯Y�    d/§Z/Ë |/ÅYÂy �ËY�§Y Ê¿Z/Æ³Z/¿ �Ìz^e {�°¸¼�[6].   É{|/� Ê¬Ì¬ve �{Y�]É �ne/ËÄ¸veÁ/Ì¶  z^eÌ�  Ê¿Z/Æ³Z/¿ ,

z^e µ|» �YÌ� Ã|¿Â/� µ�fÀ¯5  Ã{Z¨f/�Y|/�Zf¿ . Ë l   {Y{ ½Z/�¿|¿  ��« Ä¯Ä^/�Zv»Ã|/� ¼Æ» �¬¿  Ã��«Ê  Y� �{ Á d��/�
 �Ìz^e {�°¸¼�Y ËZ¨  »Ê|À¯  [7]  .Ä ·Z�» Á Ä /�Âe ,Ê]�ne ªÌ¬ve ®Ë �{  Ê¿ZÆ³Z¿ �Ìz^e �{ �/�Za |ÀËM�§·Zu�{ÊÄ¯  [M

Ä/�¨v» �{ ¡Y{Ê» Ã|/Ì//�Za Ðy d/ve ÉY Y� {Â//� {�Â» //���]Ê |¿{Y{�Y�« {Y{ ½Z//�¿ lËZf¿ .|¿ µ�Z¿ Ä¯�« Z] ÉZÅ �
®qÂ¯��« {ZnËY ÊËZ¿YÂe �eÃ ÉZÅ  ÅYÂy Y� �Ë�À��« ¾ÌÀr¼Å Á d/�Y{ |ÃÉZÅ ®qÂ¯Ê» Y� ½Z°»Y ¾ËY �eÅ{À Ä¯ |

  Ê� �{ �Ìz^e |/ÀËM�§/Ë®Ä/̧//�Z/§    �Y �f¼¯ É{Â¼�5/0    ÊuY�� ½Z/°»Y ,¾ËY�]Z/À] .{Â//� ¶/Ì¼°e �f»z^eÌÃ|/ÀÀ¯�Z/Å É
®qÂ¯ |� |ÅYÂy ºÅY�§ �e[8] .  

ÄÀÌ/�Ìa Ä] ÄmÂe Z]Ê/���] Á ªÌ¬ve ÉZÅÉ ¹Zn¿YÃ|/�  Ä¿Z»Z/� ÉÁ� �]®¼¿ ÉZÅ� Ä] �f/�Ì] ¾Ì¬¬v» ,Ê/�/�Za ÊËY{
µ�Z¿ �Y Ã{Z¨f/�Y   É{�°¸¼� �ËY�/� Á ÓZ] �Z/�§ Z]dve�Z/�§ ÄfyY{�a Ðy Ã{Z¨f/�Y Á ¾ÌËZa  .|¿Y½Z¼Å�Â�   d/�Y Y|Ìa Ä¯

Ä¿Z»Z/� �{ �/�Za �Y Ã{Z¨f/�Y®¼¿ ÉZÅ ®¼¯ ¾Ë�Ì/� [M |Ì·Âe Á �Ìz^e {�°¸¼� �ËY�§Y Ä] ÊËY{�¶]Z«ÆmÂe |ÅYÂy Ê
Ä¯ ÊËZÅ�Z°ÅY� .{�¯  ¬¬v»¾Ì Ä]ZeµZu Ã{�¯ Ã{Z¨f//�Yµ�Z¿ �Y Ã{Z¨f//�Y .|Àf//�Å É{| f» \ËZ » Á ZËY�» ÉY�Y{ |¿Y Á ZÅ

  {�¯�Z¯ �ËY�/� �YÂ¿Y½Z¼Å�Â�    \mÂ» |/� ½ZÌ] Ä¯�Y Ã��« |Ì·Âe [MÄf°¿ Z»Y |/� |ÅYÂy ­Y�Ây �Â/�  É¶]Z«ÄmÂe 
  �{Ã{Z¨f/�Y{�Â» ½M �Y®qÂ¯ Á �eÓZ] �Z/�§ ¾Ì] ºÌ¬f/�» �Z^e�Y {ÂmÁ Á Ã��« |Ì·Âe ÉY�] ÓZ] �Z/�§ Ä] �ZÌ¿ ZÅ ½|/� �e

 
1 Humidification-dehumidification 
2 Psychometric chart 
3 Jakob number 
4 Evaporation flash 
5 Diffusion-controlled evaporation model 
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 �ZÌ¿ {Ây ÓZ] ÉZÅ�Z/�§ {ZnËY .d/�Y Ã��« Ã�Y|¿YÄ]¥�/�  d/�Y{ |ÅYÂy É{ZË� É��¿Y.  {ÂmÁZ]  |Ì·Âe {�°¸¼� �ËY�§Y

  Ê§�/�» É��¿Y [�z» ¶»Z� Ä¯ d/�Y{ ÄmÂe |ËZ] ¾Ë�Ì/� [M¿{�Â»Ì�Z ��« |Ì·Âe ÉY�]ÃÉZÅ  Y|Ìa �ËY�§Y �Ì¿ ®qÂ¯
µ�Z/¿ �Ì¿ Ê§�� �Y .{�¯ |/ÅYÂy��« |/Ì·Âe ÊËZ/¿YÂe Z/ÅÃ   �Ì¿ Ã��« ��« Ê³|/À¯Y�a Á Ä/f//�Y|/¿ Y� ½Z//�°Ë ¾Ì´¿Z/Ì» ��« Z/]

®¼¿ Ä¿Z»Z/� ÊuY�� �{ �»Y ¾ËY Ä¯ d/�Y{ |ÅYÂy {ÂmÁÊ/�/�Za ÊËY{�  �·Zq  �{ ,Y~· .{�ÁM |ÅYÂy {ÂmÁ Ä] Y� ÊËZÅ
 ªÌ¬ve ¾ËY Z]Ê]ZË��Y   ®Ë  Ã|À/�Za Ê¿ZnÀ§�YÁ{1  Ä]/�ÁÌÄ¸  �ËÂ/�e ��Y{�a2 [M Ä] �Z/�u ÉZÅ~£Z¯ Á3 ,  |Ì·Âe ½Z°»Y

 Ã��«Ä]�Â�À» ®¼¿¯ Z] ÊËY{�Ì¼ Ê§��» É��¿Y ÄÀ���]ÊÃ|� .d�Y  
 

 �Á� Á {YÂ»ZÅ  
  Ã|À�Za ÊuY��  Ê¿ZnÀ§  �{ Z] �YÁ{¾f§�³ ��¿  ÀÌ » �Y|¬»Ê   É{Á�Á µZÌ� Ê°Ë�Ì§ cZÌ�Â�y ,É|Ì·Âe Ã��« ��« �Y

 Ê» ¹Zn¿Y ½M Ê¼nu Ê]{ Á  Ã|� ��§ �Ë{Z¬» .{�Ì³  ��« -¶»Z�  ¾Ì´¿ZÌ»  Ã��«µm  100    ÄÀ»Y{ �{µm  80-120    Á[M �Â�  
  (ZË�{ [M) ­Y�Ây  É�Â� t�� Z]ppm  35000  .d�Y   ºÆ» �Y Ê°Ë Ã��« ��« É�ÁZÀ§ �Ìz^e {�°¸¼� �{ ¶»YÂ� ¾Ë�e

 ®¼¿Ã��« �³Y .d�Y Ê��Za ÊËY{���« Z] ÉY  µm  100  Ä]c�Â�   ÄÀÌ�Ì] ,{Â� ZÅ� Ê�z�» �Z¨e�Y �Y [Zf� ½Á|] Á {Y�M
  ½Z»�¿{�Â»Ì�Z    ©ZeY ÉZ»{ �{ ½M ¶»Z¯ �Ìz^e ÉY�]7  ¿ZiÌÄ    d�Y[9].  Y�Y Ë¾Á�   Ê¿ZnÀ§ Ã|À�Za ÊuY�� ÉY�] ��§ ¾ËY

 ��¿ �{Äf§�³Ã|�  .d�Y    
) Ã��« ��« ½{Â] ¾Ì » Z]D  (·ÂeÌÃ|�|   ÄËÁY� d��� ¾Ì] Ä�]Y� ¾f§�³ ��¿ �{ Á  ÉY�YÁ{ ½ZnÀ§    �Z � Á ½M    ª^�

) Ä�]Y�1  ([10],    �Z �½ZnÀ§  Ê» ¾ÌÌ edË{Á|v» Ä] ÄmÂe Z] Ä�]Y� ¾ËY �{ .{Â�  Á dyZ� �{ ZÅ ½Z°»Y~a Ë�    ,½M ½{Â]
ÄËÁY� d��� {Á|u �{ ÉY1-rad.s 500  ��¿ �{Äf§�³Ã|� .d�Y  

ܦ      )1(  = ඨ
ߛܣ

 ଶܴ߱ߩ

-Ä�]Y� ¾ËY �{ Ä¯  
A  �]Y�] Á d]Zi �Y|¬» =6 ,  
 ) ZË�{ [M Êv�� ��¯ =1-N.m 07215/0 ( ߛ
 )ZË�{ [M Ê·Z´q =3-kg.m 1022 ( ߩ
߱ ) ÄËÁY� d��� =1-rad.s 523 ( 
ܴ  �Z � =½ZnÀ§ )m( ,  
 .)Ì´¿ZÌ») Ã��«µm 100¾ = »��  ܦ

  Ã|À�Za �{ |Ì·Âe Á ��Za |ÀËM�§  Ê¿ZnÀ§Ê» ºÌ�¬e Ä¸u�» Ä� Ä] (�¯�» �Y �Ë�³) �YÁ{  Ä] µZÌ� ,µÁY :{Â� Ë ®Ó ËÄ É 
­�Z¿  �]  Ê»  �za  Ã|À�Za  Ê¸yY{  t�� ÉÁ� {Â�.  Äf��  �b� Ä¿Y|¿{  ½Á�{  µZÌ�  ÉZÅ  Ê¸yY{  ÉZÅ½ZnÀ§   ¶Ì°�e

Ê»Â�¿  Á |ZÆ¿�{ Ëd  Äf��Ä^· �{ µZÌ� ÉZÅ  ÉZÅ½ZnÀ§  Ê» Äf�°�Ê» {ZnËY Y� Ã��« ®Ë Á |¿Â�  |ÀÀ¯[11], [12]  ½ZË�m .
  ½Á�{ µZÌ�½ZnÀ§    ®Ì»ZÀË{Á�|ÌÅ Ê^�« cZ�fz» Ä] ÄmÂe Z] .d�Y É�Âv» ½�Z¬f» �y�q ½ZË�m ®Ë �YÁ{£Ì¶]Z«� 

) �]YÁ� ,¾ËY�]ZÀ] .d�Y �^f » d¯�u Á ÊÀeÂÌ¿ µZÌ� ¾Ì¿YÂ« ,º¯Y�e2  Á3 Ê» Y� ( {�¯ ÄWY�Y ½YÂe[13] .  
 

ߩ  ) 2(
ݎݑ

ݎ
+ ߩ

ݎݑ߲

ݎ߲
+

1
ݎ

߲
ߠ߲

ሺߠݑߩሻ = 0 

 
1 Rotary cup atomizer 
2 Image processing 
3 Water-sensitive papers 
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௥ݑ  ) 3(

డ௨ೝ
డ௥

+ ௨ഇ
௥

డ௨ೝ
డఏ

− ௨ഇ
మ

௥
+ ௭ݑ

డ௨ೝ
డ௭

= − ଵ
ఘ

డ௣
డ௥

+ ఓ
ఘ

ቂ ఘ
డ௥

ቀ௨ೝ
௥

+ డ௨ೝ
డ௥

ቁ + డమ௨ೝ
డ௭మ ቃ   

 ¾ËY �{�]YÁ� -  
 ,)௥ ) Ê�Z � d��� =1-s.mݑ
 ,)௭ ) É�Âv» d��� =1-s.mݑ
 .)ఏ ) Ê�Z¼» d��� =1-s.mݑ

Ä¯Zn¿M�Y    Ã|À�Za t�� ÉÁ� µZÌ� ½ZË�m ÉÂ´·Y  Ê¿ZnÀ§�Z³ É��» �ËY�� ,d�Ì¿ Ê��¤· ½ZË�m �YÁ{- º¯Zu �ËZ»
  �Z�§ ¾ËY�]ZÀ] d�Y�¬e Ë0Z^  ) Ä�]Y� ª^� .d�Y �¨�4 ª^� ¾ÌÀr¼Å Á |� |ÅYÂy ¾ÌÌ e Ã|À�Za Ä] É{Á�Á Ê¼nu Ê]{ (

) Ä�]Y�5 d»Zz� (Ó ËÄ­�Z¿  .|� |ÅYÂy ¾ÌÌ e Ã|À�Za Ä^· ÉZÆf¿Y �{ µZÌ�  

)4 (  ܳ = න න ݖ݀ߠ݀ݎ௥ݑ = ߨ2 න ݖ݀ݎ௥ݑ
ఋ

଴

ఋ

଴

ଶగ

଴
 

)5 ( ߜ  = ൬
3
2

ߤܳ
ߩ2߱2ݎߨ

൰
1 3⁄

 

 -�]YÁ� ¾ËY �{  
  ),d»Zz� =Ó ËÄ­�Z¿ ) µZÌ�m  ߜ
 ,)ÉÁ�¿Y�³ ) µZÌ� ®Ì»ZÀË{2-m.N.s=  ߤ
ܳ ) Ê¼nu Ê]{ =1-s.3m(, 
  . )�Z �½ZnÀ§ )mm =  ݎ

  Ã|À�Za  ®Ë �ZfyZ�  Ê¿ZnÀ§  {�YÂ»  �]  ÃÁÔ� �YÁ{Ã|��¯}  É�´Ë{  ÊËZÅ�Ì¤f»  ¶»Z�  �Ì¿    .d�YiPeÌ�   ,�ZÌ� {Y| e
  Ã|Ë{Z¿  ��Za  {�°¸¼�  �{  Ä¯  |Àf�Å  ÊËZÅ�Ì¤f»  �´Ë{  �Z¨e�Y  Á  Ê�Á�z»  ÄËÁY�  ,Ä¿Y|¿{  Ä�|ÀÅÄf§�³Ã|�    Á�]YÁ� 

]Ì½ZÃ|�  Ã{Z��Z�  É Ã|�|¿Y  Á ZÅ�ZÌ� .Ä¿Y|¿{ZÅ ��« ¥Y�v¿Y Á ÄÌ¸ze {�°¸¼� �{ �Ìe ÉÃZÅ  iPeÌ�Y~³�  Y�]ZÀ]  |Àf�Å ¾Ë
»Ê ½YÂe    ½Á�{ µZÌ� Ê³|À^�q½ZnÀ§    �Z¨e�Y Á Ê�Á�z» ÄËÁY� .{Y{ �ËY�§Y Y�»Ê|¿YÂe   Ã�YÂË{ Z] µZÌ� �Z¼e µÂ� �]

Ã|À�Za iPeÌ�   ��Za {�°¸¼� �] ,¾ËY�]ZÀ] {�Y~´] �iR»  {Â] |ÅYÂy  Ã|Ë{Z¿ ªÌ¬ve ¾ËY �{ Z»YÄf§�³Ã|� d�Y . 
  �]YÁ� Á cZÌ��§ �Z�Y �]]Ì½ZÃ|�    ��«½ZnÀ§mm    116  É{Á�Á [M Ê]{ Á  1-lit.h  30  »|� Ä^�Zv    Ä�|ÀÅ Á ½ZnÀ§ 

��¿{�Â»    �fÀË�a É�ÁZÀ§ ®¼¯ Ä]Ä�| ]É  |� ÄfyZ�  .  ÉZ¼¿Ä�| ]É  Ã{�Ây ��] Á    Ã|À�Za �Y  Ê¿ZnÀ§ ÃY�¼Å Ä] �YÁ{
Ã|ÀÅ{ ¶°�e ÉY�mY    �{  ¶°�1    �ËZ¼¿Ã{Y{Ã|�    .d�Y {�°¸¼�  Ã|À�Za  ÄfyZ�Ã|�  Ê¿Y�Á{ d��� t�� Ä� �{rpm   

3500  ,6000    Á8500    ��¿�Y   Ã��« |Ì·Âe dÌ¨Ì¯ Á dÌ¼¯  [M Ä] �Z�u ÉZÅ~£Z¯ ®¼¯ Ä] Ê§��» É��¿Y ¾ÌÀr¼Å Á
 .d§�³ �Y�« Ê]ZË��Y {�Â»  

Ä] ÉZÅ�Ì¤f» Ê]ZË��Y �Â�À»��¿{�Â»  Y .|//� Ã{Z¨f//�Y [M Ä] �Z//�u ÉZÅ~£Z¯ �Y �YÁ{ Ã|À//�Za �{ ZÅ~£Z¯ ¾Ë
Ê]M  µÂ¸v» ÉÁZu Á |Àf//�Å ²¿�{��1  Ä] Ä¯ Ã{Â]Ã�Ì¿ÂË d¸� Ä] [M {�Ây�] �v» ]M ,Ê¸//�Y ²¿� ½|//�Ê²¿� 

Ê»|/¿Â//� Ê» d/̂i {Ây ÉÁ� �] Y� Ã��« �iY Á ¶/Ì¸ve Ä/Ë�ne ½Z/°»Y �ËÂ//�e ��Y{�a �Á� Z/] Ê]Ây d/«{ Z/] Ä/̄  |/À¯
Ã��« dÌ¨Ì¯ Á dÌ¼¯ ÉZÅ·ÂeÌÃ|�| Ê» Y� .|Å{  

Ä]½M ÉÁ� �] Ã��« �iY Ä¯ [M Ä] �Z//�u ÉZÅ~£Z¯ Ê]ZË��Y �Â�À»  ZÅÄ]Zm �Y d//�Y Ã|¿Z» É¹�¿�Y�§Y “ImageJ” 
 ÉZÅ~£Z¯ �Y �ËÂ�e Ä¯ d�Y �ZÌ¿ Y|f]Y .|� Ã{Z¨f�Y��¿{�Â»  Ze {Â� d�Y{�]¶]Z«��Y{�a  .|�Z]  

¹�¿�Y�§Y ImageJ ÄËZa �] ,Java  ®Ë Á Ã|//� Ê//�ËÂ¿ |¯¹�¿�Y�§Y  ¶WZ//�» �Y É�ZÌ//�] �{ Ä¯ d//�Y �ËÂ//�e ��Y{�a
  Ã{Z¨f/�Y �ËÁZ/�e ¶Ì¸ve Á ��Y{�a»Ê {Â/� .Y Ë¾ ¹�¿¸» Ä/�/�Â» �/�Âe �Y�§YÊ d/�Y|Æ]  (Z°Ë�»M)   �{ Á |/� Ã{Y{ Ä /�Âe

 
1 Bromophenol blue 
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¹Â¼� ��f/�{ �{ Ä¿Y{Y�M �/�Zu µZu   d/�Y[14]  . �YImageJ »ÊY�] ½YÂeÉ  Ã�Y|¿Y³Ì�É   Ë® uZ¿ÌÄ  {Y| e ��Z¼/� Á

� e ª�ZÀ» �{ �Z¬¿ Ë¦Ã|/�   �]�Z¯ �/�Âe ËZ Â/�e ¶¯ �{ Ë� [Zzf¿Y ª�ZÀ» ¶°/� .{�¯ Ã{Z¨f/�Y» Ã|/�Ê�f/�» |¿YÂeÌ¶ ,
]ÌÂ/�É   ËZ  Y .|/�Z] º�À»Z¿ Ë¾  Ä] Ä»Z¿�]ºÅ �Â�Â/�e {Y| e �Å �Y ½Z»� Ë� f/�aÌ¿Z^Ê »Ê/�Âe �¬§ Á |À¯�§Zu �Ä /��f/�{Ê 

 §{Z/�eÊ  » {Á|v» {ÂmÂ»Ê.{Â/� Â/�e ��Y{�a d��/� Ë�   ¾ËY¹�¿�Y�§Y 40 »Ì¸Ì½Â  aÌ¶/�° ¿Zi �{ÌÄ  .d/�Y  �Y Ë® Y�{ Ë �Â  
TWAIN  ,/Ë® ¹�¿ ¶/°eÁ�a�Y�§YÉ  Ä/»Z/¿�] �]Y� Á {�Y|/¿Z/f//�YÂ¿ Ë//�Ê  Ä/»Z/¿�]Y�] Z/ÅÉ  ] �Z/̂e�YÌ¾  Ä/»Z/¿�]ImageJ  �À°//�Y Á
[Zzf¿Y» Ã{Z¨f�Y Ã|�Ê.{Â�  
  

  
 ¶°�1 : ÉZ¼¿ Ä�| ]�YÁ{ Ê¿ZnÀ§ Ã|À�Za ÊËZÆ¿ µ|» �Y Ã{�Ây ��] Á É  :�Y Ã|� ¶Ì°�e1-  ,�ÂeÂ»2 -   �°]�Ì³

 ,Ã|ÀËY�§Y3-  ,[M É{Á�Á4 -   .�YÁ{ ½ZnÀ§  
  

  Y|f]Y  ®¼¯ Ä]¹�¿  �Y�§YImageJ   Ë®  ) [M Ä] �Z�u ~£Z¯ ËZ    �Å  Ä¯ É�f�] �Â¿|�Z] Äf�Y{ Y� ÊËZ¿YÂe ¾ËY ¾°�Y Y� (
Á Ã{�¯ |ËZ]   Y� ½M Ä] Ë® Â�e Ë� �f�¯Zy {Z ]Y �{É 8 ]Ìf Ê |^e Ë¶  {�¯  ¶°�)2(. 
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¶°�2 :¹�¿ �Y ÊËZ¼¿ �Y�§YImageJ.    

  
�z]  Ä]  ½|� {�YÁ  Z]  �b�  ANALYSIS¿{�Â»  {�°¸¼� �]�Z¯  ,Ì�Z    {Ây»  Y�mY  Y�Ê  |À¯  Á¹�¿�Y�§Y  aÌ¶�°ZÅ É 

�ÌÃZ¨�ÁÌ|  » Y�Ê Ä¬�À» �b� Á {�Z¼�YÉ  Y�] Y� É  �ne ËÄ¸veÁÌ¶  » [Zzf¿Y Ê �{ Y� Ä�¬¿ �Å duZ�» Á �Z¬¿ {Y| e Ze |À¯
[Zzf¿Y �z].{�ÁM d�{ Ä] Ã|�   ZÆ¿�{ Ëd  ,Äf�{ Ä»Z¿�]ÉZÅ  V0.1D  ,V0.5D    ÁV0.9D  » Ä^�Zv» Y�ÊZf¿ Á |À¯ Ë l  uZ¿ �Y Y�Ì Ä 
[Zzf¿Y �z]Ã|�  -¶»Z�  { Á �Z¬¿ ¶¯ {Y| eÄ°· ��Âa dve Ä¬�À» |��Z¼¿ ZÅ Ë�  »Ê.|Å{  V0.1D  ,V0.5D    ÁV0.9D  �Âe Ë� 

» ½Z�¿ Y� cY��« ��«ÊÄ] |Å{�Â�ÉÄ¯    cY��«  Z]®qÂ¯ ��«  �e  �Y0.1VD  ,V0.5D    ÁV0.9D \Ìe�e Ä] 10  ,50    Á90   |��{ 
Z» ¶¯ ºnu Ë �  Y�  Ì°�e¶  »ÊY .|Å{ Ë¾  Y�] Ä»Z¿�] É  �ÀeÌ º  ¯Ì¨Ìd  z�eÌ�  Â�e Ë�   �³ Á{ ËÄÀ  Y�]É   .{�Y{ Ä¿Zf�M [Zzf¿Y

·ÁYÌ¾  �³ ËÄÀ  � Ä]Ìºf�  » Ã�ZmYÊz�e Ä¿Zf�M Ze |Å{Ì�    �Z�Y �] Y�¾ËZ^e  Â�e Ë�   Ä]�³ .|À¯ [Zzf¿Y �Z¯{Ây �Â� Ë ÄÀ 
 ¹Á{ Ë® � e Ä¿Zf�M Ë¦Ã|� Y�] �]�Z¯ ��ÂeÉ  ¯ [Zzf¿YÌ¨Ìd z�eÌ� Â�e Ë� Y�]É   ¬]Z�»d ZÅÂ´·Y Z]É  «YÁÊ .d�Y  

Y�]É  |^e Ë¶ uZ¿ÌÄ  «YÁ Ã��« ��« Ä] Ä�¬¿Ê ) Ä�]Y� �Y6 (» Ã{Z¨f�YÊ {Â� [15] :  
)6 (  ݀ = 0.95 ݀௦

଴.ଽଵ 

)7 (  ݀௦ = ඨ4ܣ
ߨ  

� ¾ËY �{Ä�]Y-  
d  \�u Ã��« ��« =)µm( -  
A ) \�u Ê´¿� ÄÌuZ¿ duZ�» =2µm(.  

ÄÌuZ¿ Ä°· Ä]d�{Ã|»M Z] d�Y �]Y�] a {Y| eÌ¶�°ZÅÉ Ä�¬¿ �°�YÉ  �¬eÌ º�] Á�É  Ä^�Zv» ¾°�Y sÂ�ÁÊ» {Â� .
Y �{ Ë¾    ¾°�Y sÂ�Á ,Ä»Z¿�]2400  Y �Å �{ Ä�¬¿ Ë pÀ  )dpi  ( ËZ µm 58/10  a �Å �{Ì¶�°  [Zzf¿YÃ|�  .d�Y  ZÆ¿�{ Ëd  Y�] É  

 «YÁ Ã��« ��« Ä^�Zv»Ê ) Ä�]Y� �Y8 Ê» (.{�¯ Ã{Z¨f�Y ½YÂe  
)8 (  ݀ =  ଴.ସହହܣ 1.6

  Ä¯ d�Y �¯} Ä] ¹�ÓYË¾  ¼¿ Ä»Z¿�]Ê  |¿YÂeÊ´¿� ÄÌuZ¿    �Y Ä¯ Ë®    Ã��«eZ    Ã��« |ÀqºÅZ]  �Y{ ¶yY|e¿  |Y�  z�eÌ � 
 .|Å{  

 
:lËZf¿ Á hv]  

½ZnÀ§  ÄfyZ�Ã|�    dÀË�a É�ÁZÀ§  ®¼¯ Ä]Ä�| ]É    �Z�§ d]Zi �ËY�� �{bar  1    Ê¼nu Ê]{ Á1-lit.h  30    Ä� �{
  t��Ê¿Y�Á{ d���rpm   3500  ,6000    Á8500    ÉZÅ~£Z¯ ��Âe  �Z�u  Á [M Ä]  �Y�« Ê]ZË��Y {�Â» �ËÂ�e ��Y{�a
d§�³  ¶°�)3( .  �iY Ä]ZmÉ  [M Ä] �Z�u ÉZÅ~£Z¯ ÉÁ� �] [M cY��« Ã|¿Z» ¶°� �{4  ½Z�¿Ã{Y{Ã|�  .d�Y  
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 ¶°�3:  �YÁ{ Ê¿ZnÀ§ Ã|À�Za �Y ÊËZ¼¿ÄfyZ�Ã|� ªÌ¬ve ¾ËY �{ .  

  

      
¦·Y- rpm 3500  [- rpm 6000  k- rpm  8500  

 ¶°�4 : �Y Ä¿Â¼¿ Ä�¦¸fz» ÉZÅ�Á{ �{ [M Ä] �Z�u ÉZÅ~£Z¯ ÉÁ� �] Ã��« �iY Ê¿ZnÀ§ �YÁ{ Ã|À�Za .  
  

  �Z�u ÉZÅ~£Z¯ Ê]ZË��Y]  [M Ä  {Y{ ½Z�¿Ä¯    �Á{ t�� Ä� �{ \Ìe�e Ä]��Y Ë]ZÊÃ|�,  %  80  ,5/61    Á4/9    �Y  cY��«
Z] ��« ¾Ì´¿ZÌ» µm 100 �Ì¿ Ê§��» É��¿Y Á |Àf�Å  �]Y�] \Ìe�e Ä] Z]Wh  48 ,1/27   Á2/19  d�{ Ä]  |»M  µÁ|m)1(.  

  
 µÁ|m1: .[M Ä] �Z�u ÉZÅ~£Z¯ Ê]ZË��Y �Y ¶�Zu lËZf¿  

) Ê¿Y�Á{ d���rpm(  ��« ¾Ì´¿ZÌ» µm 100 )%(  ) Ê§��» É��¿YWh (  
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3500  4/9  2/19  
6000  5/61  1/27  
8500  80  48  

  
  Ê]Z/Ë��Y lËZ/f¿Ê» ½Z///�¿|/Å{    �ËY�§Y Z/] Ä/̄�Y Ê¿Y�Á{ d/��//�rpm   3500      Ä/]6000,   ��« Z/] Ã��« |/Ì·Âe ½Y�Ì»

¾Ì´¿Z/Ì» µm 100,    %650 d/§Z/Ë �ËY�§Y  ·Z/u�{ÊÄ/̄  Ê§�//�» É��¿Y  %  41  �ËY�§Ya/ÌÃ{�¯Y|  .d//�Y Z/] �´Ë{ ÉÂ//� �Y
�Y Ê¿Y�Á{ d/��//� �ËY�§Yrpm   6000    Ä/]8500  ��« Z/] Ã��« |/Ì·Âe ½Y�Ì» ,  ¾Ì´¿Z/Ì»µm  100,  %  30    �ËY�§Ya/ÌÃ{�¯Y| 

Y Ê·Zu �{ ¾ËY .d�YÊ§��» É��¿Y Ä¯ d� % 77 �ËY�§Y .d�Y Äf�Y{ 
  

f¿ÌÄn³Ì�É:  
®/¼¿ É�ÁZ/À§É�Z/°ÅY� �Y Ê°Ë ,Ê//�//�Z/a ÊËY{�®/¼¿ �{ �Ìz^e {�°¸¼� �ËY�§Y ÉY�] |/Ì¨» ÉZ/Å Êe�Y�u ÊËY{�

d�Y  .Y�Y Ë¾Á�   ,¾Ë�Ì� [M �]ZÀ» {Â^¼¯ �ËY�� �{ d�Y �ZÌ¿Ä]�Â�À»  Ä¿Z»Z� �{ �Ìz^e {�°¸¼� �ËY�§Y®¼¿ ÉZÅ  ÊËY{�
  Ä /�Âe Ä] Êe�Y�uÃ|À/�Za �YÂ¿Y.dyY{�a ZÅ    Ê]ZË��YÃ|À/�Za   �YÁ{ Ê¿ZnÀ§ÄfyZ/�Ã|/�   [M Ä] �Z/�u ÉZÅ~£Z¯ �/�Âe

 Äf/�]YÁ �Ìq �Å �Y �Ì] Ã��« Ã�Y|¿Y Ä¯ {Y{ ½Z/�¿Ä]d��/�   Ê¿Y�Á{½ZnÀ§  �] ÃÁÔ� Ê¿Y�Á{ d��/� �ËY�§Y Z] Á d/�Y
  cY��« ��« �ÅZ¯·ÂeÌÃ|/�| ¾Ì´¿ZÌ» , ��«cY��« ·ÂeÌÃ|/�|  dyYÂÀ°Ë �Ì¿ .|/� |ÅYÂy �e Ê]ZË��Y lËZf¿ {Y{ ½Z/�¿  Ä¯

�Y Ê¿Y�Á{ d/��//� �ËY�§Y Z/]rpm  3500   Ä/]6000 ��« Z/] Ã��« |/Ì·Âe ½Y�Ì» , ¾Ì´¿Z/Ì»µm 100 ,5/6   Ã|//� �]Y�]  d//�Y
·Zu�{ÊÄ¯   Ê§�/�» É��¿Y41   �ËY�§Y |��{aÌÃ{�¯Y| �Y Ê¿Y�Á{ d��� �ËY�§Y Z] �´Ë{ ÊËÂ� �Y .d�Yrpm  6000   Ä]
8500    Ã��« Z/] Ã��« |/Ì·Âe ½Y�Ì» ,  ¾Ì´¿Z/Ì»µm  100  % ,30    �ËY�§Ya/ÌÃ{�¯Y|   É��¿Y Ä/̄  d//�Y Ê·Z/u �{ ¾ËY .d//�Y

Ê§�/�»  % 77 �ËY�§Y   Äf/�Y{.d/�Y    ,Y~· Ã|À/�ZaÄfyZ/�Ã|/�  d��/� �{ Ê¿Y�Á{rpm   6000  ,Ê§�/�» É��¿Y cZÆm �Y ,
�« |Ì·Âe dÌ¨Ì¯ Á dÌ¼¯ Ã�d/�Y{ Ê]ZË��Y �ËY�/� �´Ë{ Ä] d^/�¿ É�eÓZ] {�°¸¼� ÉY�Y{.  Z/� Ë½Z�¯}   ¾ÌÌ e ÉY�] d/�Y

  d/�Y �ZÌ¿ {�°¸¼� ÄÀÌÆ] d·ZuZ»�M Ë�ZÅÉ Ã{�f/�³�e  É�ZfyZ/� ¶»YÂ� �´Ë{ ¾f§�³ ��¿ �{ ÃY�¼Å Ä] Ê¿ZnÀ§ Ã|À/�Za
 .{�Ë~a c�Â/� �YÁ{ �{ �YÁ{ Ê¿ZnÀ§ Ã|À/�Za �Y Ã{Z¨f/�Y Ê]ZË��Y lËZf¿ Ä] ÄmÂe Z]Ä¿Z»Z/�ZÅÉ  ®¼¿Y{�ÊË   �nÀ» Ê/�/�Za

Y Á �Ìz^e Ä�¨v» �Z¨e�Y �ÅZ¯ Ä]  �ËY�§ �{ É��¿Y ¥�/�» t�/� Ä] ÄmÂe Z] ¾ÌÀr¼Å Á |/� |ÅYÂy Ã��« d»Z«Y ½Z»�
 �Y Ã{Z¨f/�Y Ä/�ËZ¬»µ�Z¿ZÅ  Ã��« |Ì·Âe dÌ¨Ì¯ {Â^Æ] �´Ë{ ÉÂ/� �Y Á �Z/�§ Z]��¿�Y   {�°¸¼� �ËY�§Y ,½Z/�°Ë ¾Ì´¿ZÌ» ��«

®¼¿Y{�ÊË .d�Y{ |ÅYÂy ÃY�¼Å Ä] Y� Êe�Y�u  
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Abstract 

One of the sources of water supply in drought conditions is the use of saline water. Therefore, desalination is one of the 
oldest technologies that humans have used to purify saline water in the world. In recent years, spray evaporation 
technology has been proposed to dispose of wastewater with high salinity in many industrial applications, including 
desalination of seawater and wastewater treatment due to its advantages of high evaporation rate and lack of brine. 
Therefore, in this study, according to the need to produce droplets with appropriate quantity and quality and also 
minimizing the energy consumption for spray evaporation, a rotary cup atomizer with the help of 3D printing technology 
was designed and evaluated with the help of water-sensitive papers and Image processing using ImageJ software. 
Evaluation of the cup atomizer made of water-sensitive papers showed that the droplet size more depends on the rotational 
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speed of the cup. The results indicated that as the rotational speed of the cup atomizer is increased, the diameter of the 
produced droplets is decreased while their mean diameter becomes more uniform. The evaluation results showed that the 
cup atomizer made at a rotational speed of 6000 rpm, with minimum energy consumption, had a higher performance of 
droplet production than other evaluation conditions and the mean droplet diameter was more uniform. 

Key words: Desalination, Droplet, Rotary cup atomizer, Spray evaporation, Image processing. 
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