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Abstract 
Refrigiration systems and dehumidification by desiccant are a novel method for refrigeration and air conditioning. In this method 
moist of air removed, and then dehumided air send to cooling unit, consequently, latent load of vapor is eliminated, and rate of usage 
energy is decreased. The important part of this cycle is dehumidifier of it. In this paper, parallel flow dehumidifier is compared 
counter flow dehumidifier. In this work, at the first, the governing equations of coupled heat and mass transfer have been written, 
then, these equations have solved simultaneously. Results of this study shows that, effectiveness and condensation rate in counter 
flow dehumidifier is more than parallel flow dehumidifier. For thirteen studed cases in this paper, the maximum difference of 
effectiveness is 6.45%, and the maximum of condensation rate is 0.031 g/s. It should be said that, using solution in present study is 
lithum chlorid (LiCl). 

Keywords: Liquid desiccant, Simultaneously heat and mass transfer, Dehumidifier, Effectiveness. 
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 |�� S���;� ��dNTUN U�3��
 �G
� 7�
�
�<�� � �V�Le�  ��a

�H�k�	R � ����� ��
������R  �����.� `��� �1 
�C  M �
� ��

�
�C �	�� V�N �1 Z� �	�� V�N cpm ��Z�B�� +
�C �}�� +���R 

Rc ��Z�B�� +
�C �1 8-\ +
�C �}�� +���R ��
� Rm � ��
�

� ����.� `��� ���N �1� �1 
�C ���N �1� +�C�� h_  +���R

�� Z� Z&N ��> U���� 1.�>�  

 ��
� �0�
�
�<�� E:��;� |�� S���;� A
 ���<�.
 �1 U�G

 ���N �1� � ����.� �j0g �����.� +��� �
�C +��� ��1�B�

�� �� ��A E��P1 ����.� ����:  

)30(  dYdNTU � �M. ln L1 � y�1 � yN 

  

)31(  dYdNTU � �Le. R^. 	T� � T&
 
  

)32(  
dT&dNTU � �δ.R 

× `Le. 	T� � T&
 � h.M. ln L1 � y�1 � yNa 
  

)33(  4b4c5d � e.fg. b.h. ln L1 � y�1 � yN 
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)34(  dLdNTU � �δ.G.M. ln L1 � y�1 � yN 

      

      S	�T� 6���N �	�G +
�1 ����R ��b [�L �� ���5��KCδ=1  �

+A
�� 6���N �0G +
�1 δ=-1  .�.
  

�1�B� �� ��
���  �
�3� �1 D�
3� ����� U�3��
 V�N E��O �1 
�A

���-�1 �� �� ���N U�3��
 �� S��;� �C� E��O ��
��  ��A �� .��>

�1�B� +
�1 
� �@1
� =�
 ��  
�A D����:  

)35(  ε � Y�j � Y!k�Y�j � Y�  

J	�5X Y�C�  6���N A
 �N��\ Z� ���N �1� E��O �1 9��

�� S��;� 
�C ��>:  

)36(  mm ^!jn � G.A. 	Y�j � Y!k�
 
  

2 -1- �.��< +� ?D�H GL*�M� :*�, KH I��+N  F+�)

:;<7� ��-+�) =3�>� ��-+� :<*; 6�78� �* ���O�0  

��/1 �1 � �|�� E:��;� A
 ���<�.
 �1 �����1 6�1A A
 +��R  �
���

Y�
� '�� A
 ���<�.
 �1 ���R
�N �����1 �� �6����  8�.[� +����

 �����4  �1 ��.
 ��> ��>�� 7�
�
�<�� E:��;� ��5�.� +
�1

���R �1�B� {�1 �� +
  6� ?�<��
 �� 
�A60  �����R w�� ��� ����.

 �110000 � ���> D�
3� V�R �����R 7G V�R �1 V�R '�� �1   .�.


�1�B� +
�1 E:��;� 7G �1 d�1�� �����1 �� �.
 ��b 6���>  +
�A

v[��� S	�T� 6���N �1 �1 �+A
�� 6���N 7G +
�1 ��> ��>�� ����

�� 
��A ��.
 E��<�� �1�B� U�
 V�R S	�T� 6���N +
�A)NTU=0( 

�� 
�C +���� �� ��>�1   V�R �� =�
�1��1 ��.
 ����.� `��� �N��\

 w�� 6
��a �1 ����.� ���N �1�� �j0g ���� ����3� ��
��1 U�


��
� ��	�
 ���> �N �1 +��K�� +�C�
��� �1 �  .��� 
��� |�. Z
  

  

2 -2- ��	 ��	7� :+�7�P��D �D) I�� 6#% ���-;�<  

    A
 ��
��1 ���> ��>�� +����I��� +�C �����1A
 ���<�.
 ��j�� �1

 �1 
� �����1 =�
 A
 7O�G W���� ��j�� =��1 �D��> =zK@� �/�� �4O

] ��
�.�L � ���� o.��  ���� �.� �1 �1�,� W����1 ���� �
��3� [

D�
 �1 �1�,� W���� �
�KC �1 7G =�
 A
 7O�G W���� � 
�C +��� +


 ����.� �j0g � ���  ��B� ��
� Z� H�
��� E�> � �N��\ �1

 U��N �� 
�A �1�B� ��
��� � �
�A �1�B� �N��\ ��1  ��j�� �1

.�.
 ��> ����� �
��3�  

  

  

  

I)��1- Q-��� ��R	:;�� 6�78�  <*;) ��+�� Q-���  

 Yout
 

Ta  TL  X  L    ε  

(Case 1):   G= 89/0   kg / m2 s     ,      Ta = 1/30 ºC     ,      TL = 1/30 ºC     ,      Yin = 0180/0 kg water /kg air   ,  

                              L=124/6 kg / m2 s    ,     X= 346/0 kg LiCl /kg solution   ,   Z=6/0  m 

(+��a)�s�G ���  01071/0 38/30 46/31 563/34 1305/6 2932/0 94/81 

 ��
�.�L� ����  0104/0 3/31 3/32 5/34 - 32/0 -  

(Case 2):  G= 180/1   kg / m2 s     ,      Ta = 1/30 ºC     ,      TL = 3/30 ºC     ,     Yin = 0181/0 kg water /kg air  ,   

                               L=227/6 kg / m2 s    ,     X= 347/0 kg LiCl /kg solution   ,   Z=6/0  m 

(+��a)�s�G ���  011287/0 63/30 94/31 655/34 235/6 3637/0 47/78 

 ��
�.�L� ����  0108/0 2/32 6/32 6/34 - 40/0  -  

(Case 3):  G= 513/1  kg / m2 s     ,      Ta = 2/30 ºC     ,      TL = 0/30 ºC     ,      Yin = 0181/0 kg water /kg air   , 

                               L=113/6  kg / m2 s    ,     X= 343/0 kg LiCl /kg solution   ,   Z=6/0 m 

(+��a)�s�G ���  01089/0 56/30 95/31 239/34 1239/6 4936/0 47/75 

 ��
�.�L� ����  0108/0 2/32 7/32 1/34 - 52/0  -  

(Case 4):  G= 189/1   kg / m2 s     ,    Ta = 5/35 ºC     ,      TL = 3/30 ºC     ,      Yin = 0188/0 kg water /kg air    ,    

                               L=290/6 kg / m2 s    ,     X= 345/0 kg LiCl /kg solution   ,   Z=6/0  m 

(+��a)�s�G ���  01142/0 35/31 57/32 451/34 2988/6 3969/0 89/75 

.�L� ���� ��
�  0112/0 8/32 6/32 7/33 - 42/0  -  

(Case 5):  G= 183/1 kg / m2 s     ,      Ta = 1/40 ºC     ,      TL = 5/30 ºC     ,      Yin = 0180/0 kg water /kgair    ,    

                               L=287/6 kg / m2 s    ,     X= 344/0 kg LiCl /kg solution   ,   Z=6/0  m 

(+��a)�s�G ���  011328/0 76/31 03/33 356/34 2949/6 3571/0 44/74 

 ��
�.�L� ����  0115/0 1/33 9/32 3/34 - 36/0  -  

(Case 6):  G= 214/1  kg / m2 s     ,      Ta = 3/30 ºC     ,      TL = 1/30 ºC     ,      Yin = 0142/0 kg water /kg air  , 

                               L=273/6 kg / m2 s    ,     X= 339/0 kg LiCl /kg solution   ,   Z=6/0  m 

(+��a)�s�G ���  009267/0 40/30 30/31 832/33 2790/6 2710/0 81/78 

 ��
�.�L� ����  0103/0 1/31 5/31 8/33 - 23/0  -  

(Case 7):  G= 187/1 kg / m2 s     ,      Ta 9/29  ºC     ,      TL = 3/30 ºC     ,      Yin = 0215/0 kg water /kg air    ,    

                               L=272/6  kg / m2 s    ,     X= 339/0 kg LiCl /kg solution   ,   Z=6/0 m 

(+��a)�s�G ���  010913/0 76/30 77/32 832/33 2846/6 5686/0 77/78 
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 ��
�.�L� ����  0120/0 4/33 1/33 7/33 - 53/0  -  

(Case 8):  G= 190/1  kg / m2 s     ,      Ta = 1/30  ºC     ,     TL = 2/30  ºC     ,    Yin = 0180/0  kg water /kg air  , 

                               L=019/5   kg / m2 s    ,     X= 344/0  kg LiCl /kg solution   ,   Z=6/0  m 

(+��a)�s�G ���  010874/0 66/30 32/32 342/34 0275/5 3837/0 82/77 

 ��
�.�L� ����  0113/0 2/32 7/32 2/34 - 38/0  -  

(Case 9):  G= 182/1  kg / m2 s     ,      Ta = 2/30 ºC     ,      TL = 2/30 ºC    ,      Yin = 0181/0  kg water /kg air  ,    

          L= 420/7  kg / m2 s    ,     X= 344/0  kg LiCl /kg solution   ,   Z=6/0  m 

(+��a)�s�G ���  010776/0 52/30 68/31 360/34 429/7 3917/0 11/79 

 ��
�.�L� ����  0110/0 0/32 5/32 3/34 - 39/0  -  

(Case 10):  G= 198/1   kg / m2 s    ,     Ta = 9/29  ºC     ,     TL = 0/25  ºC   ,   Yin = 0177/0  kg water /kg air    ,   

                               L=269/6  kg / m2 s    ,     X= 347/0  kg LiCl /kg solution   ,   Z=6/0   m 

(+��a)�s�G ���  0082638/0 20/27 49/27 638/34 280/6 5115/0 74/80 

 ��
�.�L� ����  0088/0 2/28 4/28 5/33 - 50/0  -  

(Case 11):  G= 192/1  kg / m2 s     ,    Ta = 09/29  ºC     ,    TL = 2/30  ºC   ,   Yin = 0179/0  kg water /kg air    ,  

                               L=267/6   kg / m2 s    ,     X= 338/0  kg LiCl /kg solution   ,   Z=6/0  m 

(+��a)�s�G ���  009941/0 54/30 05/32 749/33 2765/6 4293/0 06/79 

 ��
�.�L� ����  0112/0 5/32 6/32 7/33 - 38/0  -  

(Case 12):  G= 176/1  kg / m2 s     ,     Ta= 0/30  ºC     ,     TL = 2/30  ºC   ,    Yin = 0181/0  kg water /kg air    ,  

                              L=206/6  kg / m2 s    ,     X= 348/0  kg LiCl /kg solution   ,   Z=6/0   m 

(+��a)�s�G ���  1136/0 52/30 83/31 755/34 2139/6 3586/0 55/78 

 ��
�.�L� ����  0107/0 0/32 5/32 7/34 - 41/0  -  

  

 U��N �� �� ���5��KC1 �� ��C�-�  �� A
 7O�G W���� ��>

��
� �1 ���> ��>�� +����I���  � ��
� ����9� ��
�\ DC �1�,� +�C

�� ����� 
� ��N�� ��> ��>�� �� �4O W���� =�
  .���  

:��
� �� �.
 +������ �1 VA U��N �� ��> �k
�
 +�C  +�C1 

�� S	�T� 6���N �	�G �� 
�A �1�B� +
�1 .�>�1  
  

2 -3-  )* �* 6�
��*) <70 : ��* :����S)+� ��-�.�

<*; 6�78� I78 �* :;<7�) =3�>� ��-+� 63�H  

   �� A
 ���<�.
 �1  
�C +��� 7����� 
��1
 ���> ��>�� +����I��� +�C

.���� �.� �1 +A
�� � S	�T� 6���N �	�G�� +
�1 
� ����  .D����

7�> �� S0�T� �	�G �� +
�1 �/0����� =�
  +�C2  �3  �����

��> �.
  
  

  

K
	 2-  ) =3�>� ��-+� 63�H )* �* 6�
��* ) <70 :��* K�S)+�

:;<7� ��-+�  

  

  

K
	 3-  ) =3�>� ��-+� 63�H )* �* 6�
��* ) <70 :��* K�S)+�

�-+� :;<7� �  

  

 7�> �� �� ���5��KC2 �� ��C�-� �1�B� �� ���>  6���N +
�A

 8��9� DC �1 +���� ����.� � 
�C +��� �
�3� �� ��	�G �� S	�T�

�1�B� A
 �;@3� �� ���>�1 �� �/N ����� 
�C +��� 7����� 
�A  �C�

�1�B� �;1 �1 `@3� =�
 A
 � �1�B� �1 ��[a �
�A  J3� ��
�A

U��� ���
�G �� +A�1 9�� 
�  6���N �1 
�C 6���N A
 
� E�
�G � ���

�� 73��� ����.�  :�
 
��A �.
 ���R�� ��9� 8� ��\ =�
 �� ���

�1�B� �N��\ �� 
�C +��� �G
� �1 �� 
�A �� U�.�
 J����.  ��>

�� JC�� �� D� 6� 6��� ��. +
�1 VA: +Q��
 � �1��  A
 � ��>

 �N��\ �� ����.� +��� ���B�� J�
9�
  +
�1 VA: +Q��
 � �1��

�� JC�� Z��A�1 �� 6� +��G
 �1�B� �� ��1�� 6���N +
�A   �� +A
��
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6
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N 
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�A
 ... 

�K� �/N ����� ����.� � 
�C +��� 7����� �	�G �C  ���	
 .�C�

 7�>�� �� ��@��KC3 �� ���� �1�B� �� ���>  S	�T� 6���N +
�A

 �� ����.� � 
�C +��� F[�\
 �� ��	�G �� 9�� ��>�1 ���A +����

�1�B� ����� �1 ��� +�C 7����� �� ��/N ����� +A
�� 6���N +
�A  +

�K� �� ����.� � 
�C .�C�  

  

2 -4 -  )* �* 6�
��*) <70 : ��* :����S)+� ��-�.�

<*; 6�78� I78 �* :;<7�) =3�>� ��-+� 63�H  
    �1�B� ��
��� H�
��� E�> 9�� � 
�A  A
 ���<�.
 �1 Z� 6�>

�C�� �
��3� � �.��1 ���� ��9�. +
�1 ��> ��>�� +����I��� +

 �����R �1�B� ��
��� ���� �� �.��1 =�
 A
 7O�G W���� ��.
  
�A

 7�> ��4 H�
��� E�> +
�1 �  7�> �� Z� 6�>5 ��> �k
�
 .�.
  

K
	 4- 6�78� �-<��D ��-+� 63�H )*�* <*; ��-+� ) =3�>� :;<7�  

  
 7�> �� �� ���5��KC4 �1�B� �� ��> �� ����  6���N +
�A

�1�B� A
 ��:�1 ��
��� S	�T�  ���-�1 �
�3� .�.
 +A
�� 6���N +
�A

�1�B� ��
��� F[�\
 6���N �	�G �� �� �C
�A 6���N � S	�T�  +A
��

 ���� ��9�. =�
 +
�145/6.�>�1 �� %  

 7�>5  9��J	�5X Y�C�  �	�G �� �� 
� 
�C 6���N A
 Z�

S	�T� 6���N �� �
��3� +A
�� 6���N �  ��C�-� �� 6��eKC ����

��  ��>J	�5X Y�C� �1�B� �� ��
��� ����� �1 9��  6���N +
�A

 D0
� ���	
 ��.
 ��-�1 +A
�� 6���N +
�A �1�B� �1 ��
� S	�T�

 ��
��1 �1�� J�
9�
 ��
��� �X�C �� �.
J	�5X Y�C�  J�
9�


H�
��� E�> E��O �1 ��
��� 
��A ��1��  DK�9��� �1J	�5X Y�C� 

 F[�\
 �
�3� ���-�1 .���R �� S��;� U�PG 71�LJ	�5X Y�C� 

 6���N � S	�T� 6���N �	�G �� �� �C
�A �1�B� �� 
�C 6���N A
 Z�

 ���� ��9�. =�
 +
�1 +A
��031/0 �>�1 �� ����c �1 V�R  
  

  
K
	 5- 23�45 /�01 ��-+� 63�H )* �* <70 ��-+� ;< 91  ) =3�>�

:;<7� ��-+�  

2 -5-  ��)+T �* 6�
��* ��+� ��*) 6U�V ��-�.�

=3�>� ��-+�) :;<7� ��-+� 63�H)* �* 
<*; 6�78�  

    ����
 �1 �N�� �1J	�5X Y�C� �1�B� �� Z
    S	��T� 6����N +
�A

    ���� ����1 J��� 6
�� �� ��.
 +A
�� 6���N +
�A �1�B� A
 ��-�1

�1�B� �� 6�X �� ��
� S	�T� 6���N +
�A  ��1�B� �1   6����N +
�A

     �����.� U��04� ��
� � ���> 
��N 
�C 6���N A
 +��-�1 Z� +A
��

�� �1�B� �N��\ �� ����.� �j0g 
&	 ���>    S	��T� 6����N +
�A

  ����1 �C
�\ +A
�� 6���N +
�A �1�B� �N��\ �� 6� �j0g A
 ��K�

    +
�A ��1�B� ��N��\ �� �����.� U�04� ���N �1� H�;	�1 �	�

	�T� 6���N       =��KC ����� 9��� W����� .��.
 +A
��� 6���N A
 ��-�1 S

.�.
 r0@�  

 U��N2 ��
�   �N��\ �� 
� U�04� �j0g �1 d�1�� +�C

�1�B� �� 6�-� +A
�� 6���N � S	�T� 6���N �	�G �� �� �
�A �C�  
  

I)�� 2-  6�
��* 6U�V ��-�.� �� W7�+� :�0 �*<*

6�78� ��)+T�* ) =3�>� ��-+� 63�H )* �* 
<*;:;<7� ��-+�  

  
 6���N +
�A �1�B� +
�1

S	�T�  

 +
�A �1�B� +
�1

+A
�� 6���N  

  %outX  %outX  

 ����1  56334/34  56513/34  

 ����2  65521/34  65765/34  

 ����3  23894/34  24235/34  

 ����4  45190/34  45510/34  

 ����5  35678/34  36061/34  

 ����6  86753/33  86915/33  

 ����7  83227/33  83523/33  

 ����8  34200/34  34546/34  

 ����9  35984/34  36167/34  

 ����10  63755/34  64132/34  

 ����11  04313/33  04529/33  

 ����12  74887/33  75113/33  

 ����13  75555/34  75802/34  
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 U��N3 ��
� 9�� U�04� ���N �1� �1 d�1�� +�C  �N��\ �� 
�

�1�B� �� 6�-� +A
�� 6���N � S	�T� 6���N �	�G �� �� �
�A .�C�  
  

I)�� 3-  �N��\�� ����.� ���N �1� �
��3� �1 d�1�� +�C ��
�

�1�B� +A
�� 6���N � S	�T� 6���N �	�G �� �� �
�A  

  
 6���N +
�A �1�B� +
�1

S	�T�  

 6���N +
�A �1�B� +
�1

+A
��  

  2( / . )outL kg m s  
2( / . )outL kg m s  

 ����1  130484/6  130170/6  

 ����2  235038/6  234602/6  

 ����3  123910/6  123285/6  

 ����4  298776/6  298188/6  

 ����5  294895/6  294209/6  

 ����6  278990/6  278703/6  

 ����7  284566/6  283995/6  

 ����8  027485/5  026967/5  

 ����9  428656/7  428270/7  

 ����10  280307/6  279612/6  
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