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An Analytical Solution for Air Dehumidification by Liquid Desiccant in a Packed 
Column 

 
M. Mortazaei PhD Student, Mohaghegh Ardabili University, Faculty of Technical and 

Engineering 
M. Yari Associate Professor, University of Tabriz, Faculty of Mechanical 

Engineering 
 

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, that this process, 
latent load of vapor is eliminated, and rate of using energy is reduced. The important part of this cycle is 
dehumidifier of it. In this paper, at the first, the governing equations of coupled heat and mass transfer have been 
written, then, these equations have been solved analytically with applying some simplifying assumptions such as 
being constant of molar fraction of the water vapor in the air,in the gas-liquid interface. model and the analytical 
solution predictions were compared against a reliable set of experimental data available in the literature, with 
very good agreement.It should be said that, using solution in present study is lithumchlorid (LiCl). 

 
Keywords: Liquid desiccant, Simultaneously heat and mass transfer, Dehumidifier, Effectiveness 
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G c
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M
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c
R

c

G
R

L
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h
c

λ

 =


′
=



 =


 =

 = +



=


 =

 − + − −
 =
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 z�� ` ��3" ����	� �I�B G����� �9�( 5�%���4 � �

���;�S�H ��P�� &���� &!%�
 ���A  L �� -� ��)

 �&������  ���) 
H�� I�B -� OF 
H�� I�B &!%�c�� 

O�'�� ���) �| ( ����A ���  #
W ���) �| ( ����A &!%�

�) -��O�'�� ��  ��  
�� -� ��) 
��B 
�� ��)�� &!%�

( &����� L �� 
��B ℎ�  OF O8B ��/ G���� ����A


� .�/��  

 &!%� 
��%���4 � 01��3� z�� ` ��3" *� ���4��� �� G�9

 
�� ( &����� &_�Z �&����� ���� ���) ���� �&��'�


� �� � * 0��?� &����� 
��B �� F:  

)30(  
1

.ln
1

iydY
M

dNTU y

 −
= −  − 

 

)31(  ( ). .a
c a L

dT
Le R T T

dNTU
= − −  

)32(  ( ) 1
. . . . .ln

1
iL

a L

ydT
R Le T T h M

dNTU y
δ

  −= − − +  −  

 

)33(  
1

. . . .ln
1

i
m

ydX
R X M

dNTU y
δ  −

=  − 
 

)34(  
1

. . .ln
1

iydL
G M

dNTU y
δ  −

= −  − 
 

 `H�a� =� �B &H�9 ���� � ��A ��T m!E -� -�����D)

� � 1 �*��� =� �B &�9 ���� ( � � �1  .&��  

�* &��'� �� 
 ���� �� $�%�" -���  G����� I�B 0��> -� �

 �����-��
�� 
� -� 
��B G�����  ` �3" �)� 0��> ����"


� &��'� ���� �� -,��� . � � * �� .��/ 
�  ��* $ �(F:  

)35(  in out
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 0�/ :H��V *� 
B(�W OF 
��B 
�� 0��> -� ���


� ` �3" ��) =� �B ��/:  

)36(  ( ). .cond in outm G A Y Y= −ɺ  

  

2 -1- �>��& '( A=�5 012�3� %2�H 45 @��'C  E'�+

%�&.� ��,'�+ IG�J� ��,'� %&2� -(./� �2 ���K�7  

���� �� ( �z�� 01��3� *� ���4��� ��  =��* *� ���A

-�����  6(� *� ���4��� �� -��A��B -����� (� �=�"�� 
% ��

h���  -!"�� #��m� ��"��4  ������ ���� 5�%���4 � 01��3�

-��A -� �&�� ��/ -�/�� &��'� y�� -� ��  =F +�4"�� -� ��*60 

 -� �� ��A J�� ��� 
����10000 ( ���/ $�%�" I�A  6(� -�

�� ��A 59 I�A -� I�A   U���� -����� -� &�� ��T =� �/ .&��

&��'� ���� 01��3� 59 -� vm��� `H�a� =� �B ���*  -����� ��

��/ -�/��  �� �� * �&�� 0(�4�� ��*��� =� �B 59 ����

&��'� ) G(� I�A `H�a� =� �B ���*�	� � 0 ��(�( -�(


� ��) ��/��  G(�  I�A �� . ������ �&�� &����� L �� 
B(�W

 =���P -� &����� 
��B 
��( &_�Z ���� � ���� 
�% ��

���� -�H(� J�� ���/ ���Y z�� O��B -� ���D�� ��)����" �� ( 

  .���  

  

2 -2- @�>��& '( A=�5 012�3� ���� ) 45��'C E'� +  

 =� �B ���* &��'� ���� 
����" 59 $�D3" ��_�� -�

 =���P �� ����}�� *� �*��� =� �B ( `H�a�σ 
� ���4���  $���

`H�a� =� �B &H�9 ���� ���}�� . � ����� ! � 1( �  ����

 �*��� =� �B &H�9! � �1 .&��  

E� ��)*�A ����$ ��� ��:  

)37(  
1

ln
1

i
i

y
y y

y

 −
= − − 

 

) -H��3� *�31)((38
� -	��� ( ��/:  

)38(  ( ). i

dY
M y y

dNTU
= − −  

$ ��� 
��' *�:  

)39(  
.

.
a

v a

M Y Y
y y

M M Y M Y
= → =

+ +
 

 J�� �� (" � #1 � $%. #1 � $'%$ ��� �  

)40(  
( ) ( ) ( )1 1

. .
1 1

i
i i

i

Y Y
M y y Y Y

y y M
α

−
− = → − = −

− −
 

���) -H��3� �� 31� � * 0��?� (
�� � F:  

)41(  ( ). iY Y Yα′ = − −  

  

 -�Y ’ =�D) 
()

(*+,
  &��.  

 � -H��3� 59 ��G������ #  -���( -� z�� 5�%���4  ���A

:$ ��� ����  

)42(  ( )
( )

2

1

ln .

.exp .

i

i

i

Y YY
NTU

Y Y C

Y Y C NTU

α α

α

 ′ −= − → = − −  

→ = + −

 

��  &��K �*�� j ��/ G�DP�C1 
� &�� -� z�� -H��3� �� � F:  

)43(  0 inNTU Y Y= → =  

)44(  2 in iC Y Y= −  

v�� ��� &!%� � �B -H��3� 
� &��� � * 0��?� &��'� � F:  

)45(  ( ) ( ).exp .i in iY Y Y Y NTUα= + − −  

��  ����&��'� G�' �� ��) ���� 5��(�Y .�  5�H� -� ���*

 &����� ( ��) ���� -H��3� =��� 5Y�� (� ��) ���� -H��3� *�

��� 
� ��
� .$ ��A  

)46(  ( ).a c a LT Le R T T′′ ′ ′= − −  

�� -H��3� *� ���4��� )33$ ��� (:  

)47(  
( )

( )
. . .

.
. . . .

a a L
a c

i

T R Le T T
T Le R

Rh M y y

δ

δ

 ′ + − ′′ = −  
+ −  

 

-H��3� *� ���4��� �� )41( ( )46$ ��� (:  

)48(  
( )

( )
( )

. . .
.

. .exp .

. . .

a a L
a c

in i

T R Le T T
T Le R

b N TU

b R h Y Y

δ
δ α

α

  ′ + − ′′ = −  
+ −   


= −

 

���� �� & ��� �� $ ��� �*��:  

)49(  

( )
( )
. .exp .

. .

. . .

a a

c

c

T T NTU

Le R R

Le R b

θ β α
θ δ
β δ

 ′′ ′+ = − −
 = −
 =

 

 -?a
� -H��3� 5��
" ��3� O��B -!"�� 5�%���4 � -H��

�)��W � * 0��?� z�� I(� ���:  

)50(  ( )2 3 ,.exp .a a sT C C NTU Tθ= + − +  

-� Ta,s  J�� �� �&�� -H��3� 
>�?W O��B

Ta,s=B.exp(-α.NTU)   ;<� ( =F *� ���A ��
� ���(� (

) -H��3� �� ���8� �B50�(  &��KB  =F L!" -� (Ta,s   &���


� $ ��� ( � F:  

)51(  
2 .

B
β

α α θ
−=
−

 

)52(  ( ) ( )2 3 2
.exp . exp .

.aT C C NTU NTU
βθ α

α αθ
−= + − + −
−

 
��
� �� ( ��W� -H��3� *� ���A  �� =F ���8� �B

-H��3�)32�(TL:� F 
� &�� -� � * 0��> -�  



  

  

 

46  

�
"�

#
� 

$
%�


&
� 

'
(

 )
��

" �
*�

*+
� ,

��
 -

�
 

��
. 

�
���

/
 

... 

)53(  

( )

( )

2 3

2

. 1 .exp .
.

1 .exp .
. .

L
c

c

T C C NTU
Le R

NTU
Le R

θ θ

β α α
α α θ

 
= + − − 

 

 −+ − − −  

 

&��K �*�� j ��/ G�DP� �� ��)  C2(C3  &��� � * 0��?� ��


� $ �(F:  

)54(  
,

,

0

.
a a in

L L L in

NTU T T

NTU NTU T Tσ
= → =

 = → =
 

)55(  
3 , 4 2 .a inC T C

β
α α θ

= − +
−

 

)56(  

( )

( )

( )

4

2

, ,

1

1 1 .exp . .
.

1 1 .exp . .
. .

L
c

L
c

a in L in

C

NTU
Le R

NTU
Le R

T T

θ
θσ

β α
ασ

α αθ

= ×

− − −

− − −
−

+ −

 
 
 

   
   
   
 
 

 


� =�
� �'�W -� ��/  �	�- � �.. 
� . /0 . 1 2⁄ 


� .�/��  

&��� ( 59 -� G�9 -H��3� =��(F  &����� &_�Z ���� ��


� 1��3� *� ���4��� �� ���_�� . � ���� �$ *���Y0 )34) ( (35( 

$ ���:  

)57(  
( )

( ) ( )

. . .

. . . .exp . .

m i

m in i

dX
R Y Y dNTU

X
R Y Y NTU dNTU

δ α

δ α α

= −

= − −
 

G������ �� $ ��� z�� -H��3� *� ���A  

)58(  ( ) ( ) ( ) 4ln . . .exp .m in iX R Y Y NTU Cδ α=− − − +  

  

 &��K �*�� j ��/ G�DP� ��C4 
� 5>�9 � * 5�/ -� ��/:  

)59(  . L inNTU NTU X Xσ= → =  

)60(  ( ) ( ) ( )4 ln . . .exp . .in m in i LC X R Y Y NTUδ ασ= + − −  


� G�9  $�)��W)01��3� *� ���4��� ��35)((41-H��3� ( 

� �� &����� 
��B 
�� -� U����$ �(F &��:  

)61(  
( )

( ) ( )

. . .

. . . .exp .

i

in i

dL
G Y Y

dNTU
G Y Y NTU

δ α

δ α α

= − −

= − − −
 

G������ �� $ ��� ���A  

)62(  ( ) ( ) 5. . .exp .in iL G Y Y NTU Cδ α= − − +  

 &��K �*�� j ��/ G�DP� ��C5 
� &��� � * 0��> -� � F:  

)63(  . L inNTU NTU L Lσ= → =  

)64(  ( ) ( )5 . . .exp . .in in i LC L G Y Y NTUδ α σ= − − −  

) -H��3� *� ���4��� ��46(  
B(�W �� &��'� &!%� ����

&��'� $ ��� ��*:   

)65(  ( ) ( ).exp .out i in i LY Y Y Y NTUα= + − −  

) 01��3� *� ���4��� ��36( ) (66&��'� 
 ���� ���� (  ��*

$ ���:  

)66(  ( )1 exp . LNTUε α= − −  

 ) 01��3� *� ���4��� ��37( ) (66 0�/ ���� (:H��V  OF

&��'� �� $ ��� ��*:   

)67(  ( ) ( ). . . 1 exp .cond in i Lm G A Y Y NTUα= −  − −  ɺ  

  

2 -3-+ ��,�>� ���� ) 45 - " �(�,��&  

 *� 
�% �� ���/ -�/�� 
����" 59 *� ���4��� ��_�� -�

 59 . � *� 5>�9 R ��� ��_�� . �� �$ �/ .xD,� ���F &�>

��� j��"  ���F &��� 
��	" R ��� �� ��] 
�����E ( �1( [ 

 -% ��� ���/ -�/�� ���P 59 *� 5>�9 R ��� .��XD)

����  R ��� ( 
��	" R ��� ���D) -� 59 . � *� 5>�9 R ��� .$ �

&!%� ���� ���P 59   ( &_�Z ( ��� ( ��) ���� ( &��'�

 0�/ ( &����� 
��B 
��:H��V  
B(�W ��  OF

&��'� &��'� 
 ���� ( ���* G(�B �� ��* 1  -% ��� ��_�� -�

.&�� ��/ ���(F  

G(�B �� -� -�����D)1 
� ��)�
�  59 *� 5>�9 R ��� ��/

-�/�� 
����"  ���/ -�/�� ��"��<��� �� *� 5>�9 R ��� �� ��/

&�> R ��� . � ( ���� 
� ��� 
���aD) 
��	" R ��� �� ��� ( 

f" �� ��B�� ��/ -�/�� 
����" 59
� ��   .���  

G(�B ��2 �>��  
����" 59 *� ���F &��� R ��� ��,W

]=����D) ( ����  
��	" R ��� -� &!%� ���P 59 (1 ���(F [

.&�� ��/  

F��  -� I*1���� -� &�� ��( G(��B �� ��/ -S��� ��) 1 ( 

2 &��'� ���� 
� `H�a� =� �B &H�9 �� ��* .�/�� 
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 Yout
 Ta  TL  X  L  45  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 

r�9 ���(
����")�  01058/0 32/30 19/31 560/34 1310/6 2988/0 51/83 
(���P)�r�9 ���  01071/0 38/30 46/31 563/34 1305/6 2932/0 94/81 

 
�����E( ����  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 

(
����")�r�9 ���  01108/0 54/30 63/31 65/34 235/6 3749/0 89/80 
(���P)�r�9 ���  011287/0 63/30 94/31 655/34 235/6 3637/0 47/78 

 
�����E( ����  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 

(
����")�r�9 ���  01061/0 44/30 85/31 24/34 124/6 5129/0 42/78 
(���P)�r�9 ���  01089/0 56/30 95/31 239/34 1239/6 4936/0 47/75 

 
�����E( ����  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 

(
����")�r�9 ���  01141/0 09/32 01/32 45/34 299/6 3973/0 96/75 
(���P)�r�9 ���  01142/0 35/31 57/32 451/34 2988/6 3969/0 89/75 

 
�����E( ����  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 

(
����")�r�9 ���  01151/0 86/33 25/32 36/34 295/6 3471/0 35/72 
(���P)�r�9 ���  011328/0 76/31 03/33 356/34 2949/6 3571/0 44/74 

 
�����E( ����  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 

(
����")�r�9 ���  009148/0 35/30 07/31 87/33 279/6 2775/0 70/80 
(���P)�r�9 ���  009267/0 40/30 30/31 832/33 2790/6 2710/0 81/78 

 
�����E( ����  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 

(
����")�r�9 ���  01062/0 62/30 3/32 83/33 285/6 5841/0 92/80 
(���P)�r�9 ���  010913/0 76/30 77/32 832/33 2846/6 5686/0 77/78 

 
�����E( ����  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 

(
����")�r�9 ���  01060/0 54/30 94/31 34/34 028/5 3986/0 84/80 
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P)�r�9 ���(���  010874/0 66/30 32/32 342/34 0275/5 3837/0 82/77 
 
�����E( ����  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 

(
����")�r�9 ���  01062/0 45/30 39/31  36/34 429/7 40/0 81/80 
(���P)�r�9 ���  010776/0 52/30 68/31 360/34 429/7 3917/0 11/79 

 
�����E( ����  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 

(
����")�r�9 ���  008219/0 53/26 17/27 64/34 280/6 5138/0 12/81 
(���P)�r�9 ���  0082638/0 20/27 49/27 638/34 280/6 5115/0 74/80 

 
�����E( ����  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 

(
����")�r�9 ���  009737/0 44/30 70/31 75/33 277/6 4402/0 07/81 
(���P)�r�9 ���  009941/0 54/30 05/32 749/33 2765/6 4293/0 06/79 

 
�����E( ����  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 

(
����")�r�9 ���  01115/0 43/30 52/31 75/34 214/6 3698/0 01/81 
��� (���P)�r�9  01136/0 52/30 83/31 755/34 2139/6 3586/0 55/78 

 
�����E( ����  0107/0 0/32 5/32 7/34 - 41/0  -  

  

  

3 - ����� + L ( %'�C  


� 
�� &H�9 ��  -� ��/ -�/�� 
����" 59 -� &4A =��"

 *� 5>�9 R ��� -� ��V &�� ��a��Y `��a� 5 �%� ���� 
��W

> ���P 59 R ��� �� =F ��B�� R ��� .��XD) ( -���A 0��

.���� 
��W &���,� 
��	"  

5�/2 "f 0�/ �(� �� ��(�( ���) ���� ��K:H��V  OF


� =�
� �� 
� ��)�
� -� -�����D) ��)�  ���� : ���� �� ��/

 0�/ ���* &��'� -� ��(�( ���):H��V  �� ��B�� &��'�


� :)�� ��) 5�/ .��� 3 "f�( ���) &��'� &!%� ��K �� ��(

 0�/ �(�:H��V 
� : �D� �� OF  -_9m� -� -�����D) ��)�

 ���* &��'� -� ��(�( ���) &��'� &!%� : ���� �� ��/ 
�

 0�/:H��V 5�/ .���� ��� * : ���� ��) �� ��B�� &��'� 

4 "f 0�/ �(� �� ��(�( ���) 
��B 
�� ��K:H��V  �� OF


� =�
� 
� ��)�
� -� -�����D) ��)�  ���A 
�� : ���� ��

 0�/ ���* &��'� -� ��(�( ���) 
��B:H��V  &��'�

.���  
� : ���� ��) �� ��B��  

)5�/5f" (  0�/ �(� �� ��(�( &����� ���� ��K

:H��V 
� =�
� �� OF 
� ��)�
� -� -�����D) ��)�  �� ��/

 0�/ ��* &��'� -� ��(�( &����� ���� : ����:H��V 

)�� ��) �� ��B�� &��'�5�/ .���  
� : 6 "f  &_�Z ��K

 0�/ �(� �� ��(�( &�����:H��V 
� : �D� �� OF  ��)�


� -_9m� -� -�����D)  ��(�( &����� &_�Z : ���� �� ��/

 0�/ ��* &��'� -�:H��V ) �� ��B�� &��'� : ���� ��


�  5�/ .��� 7 f" �(� �� ��(�( &����� 
��B 
�� ��K

 0�/:H��V 
� =�
� �� OF  ��)�
� -� -�����D) ��)�


�  ��* &��'� -� ��(�( &����� 
��B 
�� ���}" �� ���A

 0�/ :H��V
D� ����}" ��) �� ��B�� &��'� .���  

 -� &�� . � ���� ���P 59 -� &!%� 
����" 59 -� 
� ��

 G����� ��/ 5Y�� 01��3� �59 
A��� �� �(mP���A  �� I�B(

o ��" �� 
� ��B $) *� �*�� � *� 5��%� -H��3� #  59( ��

=���� �� ��� � 
� � 8Y .�*��  

 

 



    
  

 

�1
+

�
 

2
�

+
�

 
�


3
 

4
��

��
�

�
�
�

�3
� 


"
/�

� 
� 

)
�5

� 2
�

+
� 

�
  

   
   

 

49  

)
�


� �
7

��
� 

� 
�

�
7
��

� 
�

7
��

�
 

@+��2- -% ��� �>�� �,W R ��� -�!/�*�� &��'�  -� &!%� ��*


��	" R ���  

����  Yout
  Ta

  TL
  X  45  

1  

����" 59  73/1  13/3  43/3  17/0  62/6  

���P 59  98/2  94/2  60/2  18/0  37/8  

2  

����" 59  59/2  15/5  97/2  14/0  27/6  

���P 59  50/4  87/4  02/2  15/0  07/9  

3  

����" 59  75/1  46/5  59/2  41/0  36/1  

���P 59  83/0  09/5  29/2  40/0  07/5  

4  

����" 59  87/1  16/2  80/1  22/2  40/5  

���P 59  96/1  42/4  09/0  22/2  50/5  

5  

����" 59  08/0  29/2  97/1  17/0  58/3  

���P 59  49/1  04/4  39/0  16/0  80/0  

6  

����" 59  18/11  41/2  36/1  20/0  65/20  

���P 59  02/10  25/2  63/0  09/0  82/17  

7  

����" 59  50/11  32/8  41/2  38/0  20/10  

���P 59  05/9  90/7  99/0  39/0  28/7  

8  

����" 59  19/6  15/5  32/2  40/0  89/4  

���P 59  76/3  78/4  16/1  41/0  97/0  

9  

����" 59  45/3  84/4  41/3  17/0  56/2  

���P 59  03/2  62/1  52/2  17/0  43/0  

10  

����" 59  60/6  92/5  33/4  40/0  66/2  

���P 59  10/6  54/3  20/3  40/0  30/2  

11  

����" 59  06/13  33/6  76/2  14/0 84/15  

���P 59  24/11  03/6  68/1  14/0 00/13  

12  

����" 59  20/4  90/4  01/3  14/0 80/9  

���P 59  16/6  62/4  06/2  14/0 53/12  

 

  
4
	 2- "f 0�/ �(� �� ��(�( ���) ���� ��K:H��V  �OF

&��'� �� ��*  

  

  
4
	 3- f" ��K���) &��'� &!%�  ��(�( 0�/ �(� ��

:H��V &��'� �� �OF ��*  

  

  
4
	 4 - f" ��K ��) 
��B 
��  ��(�( 0�/ �(� ��:H��V 

&��'� �� �OF ��*  

  

  
4
	 5- "f &����� ���� ��K(�( �� 0�/ �(� ��:H��V 

&��'� �� �OF ��*  



  

  

 

50  

�
"�

#
� 

$
%�


&
� 

'
(

 )
��

" �
*�

*+
� ,

��
 -

�
 

��
. 

�
���

/
 

... 

  
4
	 6 - f" &����� &_�Z ��K ��(�( 0�/ �(� ��:H��V 

&��'� �� �OF ��*  

  

  
4
	 7 - f" ��K&����� 
��B 
��  ��(�( 0�/ �(� ��

:H��V &��'� �� �OF ��*  

  

  

 �72���  

)N,� &9�%�m2(  A 

) �| ( ����AJkg-1K -1( Cp 


D�� �*����)m(  dn 

 y�� �,E) ��* &��'�m(  dt 

) I�B T�4� o �rm2s-1(  D 

�*�A *�� I�B G����� o �r ( kmol/ m2s)  FG 

)y�� L,�� N,��9�(�� #
W ���) 
��B 
��kg/m2s ( G 

) �| ( 
<H���Fkj/ kg K(  h 

 G����� o �r���A )*�A &D�kj/ m2s(  HG 

 o �r
���D) ����A G�����)W/m2oC(  h’
G 

 ��/ G���� ����A��V:H )��a!" � oC(  h 

 G����� �3� 
� �(�A���A  jh 

I�B G����� �3� 
� �(�A  jm 


 ���A 
 ����� )W/m oC(  k 

) �*�A *�� I�B G����� o �rkmol/m2sPa (  KG 

 y�� L,�� N,� �9�( �� L �� &����� 
��B 
��

)kg/m2s (  
L 

;�S�H o �r  Le 

) ��) 
H�� I�Bkg/ kmol(  Ma 

) OF 
H�� I�Bkg/ kmol(  Mv 

) ��
�kPa(  P 

��/  G��������A )&����� -� ��) *�kW/ m2(  qG 

�� � ��)*�A 
���B &��K) GFJ kmol-1K -1(  R 

) ���oC(  T 

 G������ ��B�� &����� 
��B�%�(kg LiCL/kg 

solution)  
X 

&��'� &!%� ��) )kg vapor/kg air(  Y 

 �%�
H�� ��) �� ��B�� OF ��a�  y 

+�4"�� )y��m(  Z 

����., ANOH   

��* &��'� 
 ����  ε 

) ��a!" =��� ����Akj/ kg(  λo 

&B�H )kg/ m s(  µ 

)
H��Vkg/m3(  ρ  

  

P,.�',�  

LB�� &H�9  o  

6�&'� 

[1] Fumo N., Goswami D.Y., “Study of an 
aqueous lithium chloride desiccant system: air 
dehumidification and desiccant regeneration”, 
Solar Energy, no. 72, pp. 351–361, 2002. 
[2] Gandhidasan P., “A simplified model for 
air dehumidification with liquid desiccant”, 
Solar Energy, no. 76, pp. 409–416, 2004. 
[3] Yonggao Yin, Xiaosong Zhang, 
DonggenPeng, Xiuwei Li, “ Model validation 
and case study on internally cooled/heated 
dehumidifier/regenerator of liquid desiccant 



    
  

 

�1
+

�
 

2
�

+
�

 
�


3
 

4
��

��
�

�
�
�

�3
� 


"
/�

� 
� 

)
�5

� 2
�

+
� 

�
  

   
   

 

51  

)
�


� �
7

��
� 

� 
�

�
7
��

� 
�

7
��

�
 

system”, International Journal of Thermal 
Sciences, no. 48, pp. 1664–1671, 2009. 
[4] Dai Y.J., Zhang H.F., “Numerical 
simulation and theoretical analysis of heat and 
mass transfer in a cross flow liquid desiccant 
air dehumidifier packed with honeycomb 
paper”, Energy Conversion And Management, 
no. 44, pp. 1343–1356, 2004 
[5] Donggen Peng, Xiaosong Zhang, “An 
analytical model for coupled heat and mass 
teransfer processes in solar 
collector/regenerator usig liquid desiccant”, 
Applied Energy, no. 88, pp. 2438–2444, 2011 
[6] S. Younus Ahmed, P. Gandhidasan, A. A. 
Al-Farayedhi, “Thermodynamic analysis of 
liquid desiccant”,  Solar Energy, no. 62, pp. 
11–18, 1998 
[7] Chen Qin Ren, “Effectiveness–NTU 
relation for packed bed liquid desiccant–air 
contact system with a double film model for 
heat and mass transfer”, International Journal 
of Heat and Mass Transfer, no. 51, pp. 1793–
1803, 2008 
[8] S. Alizadeh, W. Y. Saman, “An 
experimental study of a forced solar 
collector/regenerator using liquid desiccant”, 
Solar Energy, no. 73, pp.345–362, 2002. 
[9] Agung Bakhtiar, Fatkhur Rokhman, Kwang 
wan Choi, “A novel method to evaluate the 
performance of liquid desiccant air 
dehumidifier system” Energy and Buildings, 
no. 44, pp. 39–44, 2012 
[10] Fu Xiao, Gaoming Ge, Xiaofeng Niu, 
“Control performance of a dedicated outdoor 
air system adopting liquid desiccant 
dehumidification”, Applied Energy, no. 88, pp. 
143–149, 2001 
[11] Seiichi Yamaguchi, Jongsoo Jeong, 
Kiyoshi Saito, Hikoo Miyauchi, Masatoshi 
Harada, “Hybrid liquid desiccant air–
conditioning system: Experiments and 
simulations”, Applied Thermal Energy, no. 3, 
pp. 3741–3747, 2001 
 [12] Mazzei, P., Minichiello, F., Palma, D., 
“HVAC dehumidification systems for thermal 
comfort: a critical review”, Applied Thermal 
Engineering, no. 25, pp. 677–707, 2005 
[13] Treybal R.E., “Mass transfer operations”, 
3nd edition, McGraw-Hill, New York, 1969. 
[14] Pedro J. Mago, LouaryChamra, Glenn 
Steele, “A simulation model for the 
performance of a hybrid liquid desiccant 
system during cooling and dehumidification”, 
International Journal of Energy Research, no. 
30, pp. 51–66, 2006. 

[15] OndaK., TakeuchiH.,Olumoto., Y., “Mass 
transfer coefficient between gas and liquid 
phase in packed column”, Journal of chemical 
Engineering of Japan. no. 1, pp.56–62, 1968 
 


