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 Solar humidification-dehumidification desalination is one of the most practical methods for water 
desalination in small scale for regions far from cities and with low population. The aim of this study is 
manufacturing and simulation of a solar humidification-dehumidification desalination system with 
capacity of 20 lit/day. This system consists of humidification and dehumidification units, solar air and 
water heaters. To this end, first this system is explained and modeled. Then, manufacturing process of 
solar air heaters and different parts of desalination system is investigated. After the manufacturing 
process of the desalination system, this system is experimentally tested and the effect of pertinent 
parameters, such as the temperature of inlet water and air to humidifier; inlet water temperature and 
flow rate to dehumidifier on the performance of the system and distillate product are investigated. The 
results show that the effect of water temperature on the fresh water produced is more than air 
temperature. Moreover, using the chilled water, which has a temperature in the range of water well 
temperature, in the dehumidifier inlet leads to an increase of 31 % in the fresh water produced. Also, the 
best water flow rate to the dehumidifier inlet is 0.12 kg/s. Finally, experimental and simulation results 
are compared with each other and good consistency is seen. 

Keywords: 
Solar Energy 
Desalination 
Humidifier 
Dehumidifier 
Air heater  

 

  

-1  
  .  

3%  
    .3% 77% 

  22%   1% 
  .[1] 

 

   . 

   .
    

 -1  .  
 

1 Humidification-Dehumidification (HD) 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

12
.8

5.
0 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
5-

26
 ]

 

                             1 / 10

https://dorl.net/dor/20.1001.1.10275940.1395.16.12.85.0
https://mme.modares.ac.ir/article-15-12225-en.html


    

   -     

  

240  13951612  

 .

 
 .  

  
     -   

  [2]   
 .

  
  .  

 . 
    .

 
   

[3] 2002 
 .

50 80   .
  .
  .

   
   

2007[4]   
  

 . 
  

   
2007 ] 5[ 

     .
 

  .
    

 -    .   
  

 
   -  

 .  
 .

   
 .  

  10 
 [8-6].  

  2015) 
 (   

 - [9] .
   

    

 
 . 

  
   

2015  - 

 
 

[10] .

  .
 

 
    

[12,11] 
   -  

 . 
 )  

 ( )  (  .
      .

   
 . 

  -   
  [13] 2016   

 _  
   . 

 .
  . 

31.54% 1.87%    .
1117.3 g/h 

  . 0.0981 USD/L 
 

  
  -  

 1EES 
 

 .
[8-6]

 .

   .
  
  

1 Engineering Equation Solver 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

12
.8

5.
0 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
5-

26
 ]

 

                             2 / 10

https://dorl.net/dor/20.1001.1.10275940.1395.16.12.85.0
https://mme.modares.ac.ir/article-15-12225-en.html


    

   -     

13951612  241  

 [8-6]
   .

  .
   

 
 

2 -  
       - 

   -  - 
   -   -  .

 
   

   

  . 
  

   
   - 
  

)   (
  "1"    

  -   .
)   (

   .  –  
   

  .  
 

   
 .

  . 

 
 

 .
  

 

  .

 
  .30 

80 0.5 
670   .

  

  .
   

 .
 

  .
    

   
  .

  
  . 

  
 

  . 

  .  
  .

   .
   

   .
  

 .
  .

   

3 -   
3-1 -      

  
   

 ) 1 ( [14].  
(1)  = ( ) 

( )  
 (Qu) 

    ) 2(  [12].    
)2(  = [ ( ) ( )   

   
 

UL     . 
FR  ) 3 (

) 4 (    

)3(  =
( )

[ ( )] 

)4(  = ×  

(5) 
=

1
1 +

 

(6) =  
  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

12
.8

5.
0 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
5-

26
 ]

 

                             3 / 10

https://dorl.net/dor/20.1001.1.10275940.1395.16.12.85.0
https://mme.modares.ac.ir/article-15-12225-en.html


    

   -     

  

242  13951612  

  
Fig. 1 Schematic view of the HD solar desalination system 
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Table 1 Comparison between characteristics of the present constructed 
system and that by Zamen et al. [8] 

1 Poly Propylene (P.P) 
2 Poly Methyl Meta Acrylate 
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Fig. 2 A view of the manufactured solar humidification-dehumidification desalination system  
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Table 2 Comparison between simulation and experimental results of 
the desalination system 
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Fig. 3 Flowchart for simulation of the desalination system 
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Fig. 4 Variation of inlet water temperature to humidifier and 
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Fig. 5 Hourly and cumulative fresh water produced 
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Fig. 6 Hourly variation of inlet water temperature to humidifier in three 
experiments 
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Fig. 7 Hourly variation of inlet air temperature to humidifier in three 
experiments 
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Fig. 8 The cumulative fresh water produced in three experiments 
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Fig. 9 Variation of inlet water temperature to the dehumidifier 

9     

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

12
.8

5.
0 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
5-

26
 ]

 

                             8 / 10

https://dorl.net/dor/20.1001.1.10275940.1395.16.12.85.0
https://mme.modares.ac.ir/article-15-12225-en.html


    

   -     

13951612  247  

5-5 -      
 12 

 kg/s 0.2 9 
 kg/s 0.12 11 

 kg/s 0.04  .
  .0.08 kg/s 

0.14 kg/s  .
   

     . 
 .

  41 55 
 23.5   

 
  . "11" 

   
  

  

 

Fig. 11 Water temperature difference between dehumidifier inlet and 
outlet 
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Fig. 12 The cumulative fresh water produced 
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Fig. 10 The effect of inlet water temperature to the dehumidifier on the 
cumulative water produced 

10 
  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

12
.8

5.
0 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
5-

26
 ]

 

                             9 / 10

https://dorl.net/dor/20.1001.1.10275940.1395.16.12.85.0
https://mme.modares.ac.ir/article-15-12225-en.html


    

   -     

  

248  13951612  

 
 . 0.04 kg/s 0.12 

kg/s40 
0.12 kg/s 0.2 kg/s 

2  . 
   

0.12 kg/s   
 

  

  
  

  
  

 
  

7 -  
 (m2) 

FR   
 (J/ kg) 
 (kg/s) 
 (W) 
 C) 

UL (W/m2 C) 
  

a   
amb  

b  
in  

loss  

out  
w  

-8  

5276 
 

9 -   
[1] N. Lior, Advances in water desalination, pp. 1.3-1.5, First Edition, New 

York: Wiley, 2012. 
[2] B. M. Hamieh, J. R. Beckman, Seawater desalination using dewvaporation 

technique: theoretical development and design evolutien, Desalination, Vol. 
195, No. 1, pp. 1-13, 2006. 

[3] E. Chafik, A new seawater desalination process using solar energy, 
Desalination, Vol. 153, No. 1, pp. 25-37, 2002. 

[4] G .Yuan, H .Zhang, Mathematical modeling of a closed circulation solar 
desalination unit with humidification-dehumidification, Desalination, Vol. 
205, No. 1, pp. 156-162, 2007. 

[5] H. M. Qiblawey, F. Banat, Solar thermal desalination technologies, 
Desalination, Vol. 220, No. 1, pp. 633–644, 2008. 

[6] S. M. Soufari, M. Zamen, M. Amidpour, Performance Optimization of 
Humidification-Dehumidification Desalination Process Using Mathematical 
Programming. Desalination, Vol. 237, No. 2, pp. 305–317, 2009. 

[7] M. Zamen, M. Amidpour, S. M. Soufari, Cost Optimization of a Solar 
Humidification-Dehumidification Desalination Unit Using Mathematical 
Programming, Desalination, Vol. 239, No. 1,  pp. 92–99, 2009. 

[8] S. M. Soufari, M. Zamen, M. Amidpour, Experimental validation of an 
optimized solar humidification-dehumidification desalination unit, 
Desalination and Water Treatment, Vol. 6, No. 2, pp. 244–251, 2009. 

[9] T. Khademi-Nejad, H. Rahim-Zadeh, First and second law thermodynamics 
analysis of closed air and open water loops humidification and 
dehumidification desalination system, Iranian Journal of Chemical and 
Chemical Engineering, Vol. 34, No. 1, pp. 69-76, 2015. (in Persian ) 

[10] M. Zamen, N. Reza-Khani, M. Rajabi, M.A.A. Zinali Danaloo, Performance 
evaluation of combined solar domestic desalination-water heater system, 
Iranian Journal of Chemical and Chemical Engineering, Vol. 34, No. 3, pp. 
91-102, 2015. (in Persian ) 

[11] A. S. Nafey, H. E. S. Fath, S. O. El-Helaby, A. M. Soliman, Solar 
desalination using humidification dehumidification processes. Part I. A 
numerical investigation, Energy Conversion and Management,  Vol.  45,  No.  
7, pp. 1243–1261, 2004. 

[12] A. S. Nafey, H. E. S. Fath, S. O. El-Helaby, A. M. Soliman, Solar 
desalination using humidification dehumidification processes. Part II. A 
experimental investigation, Energy Conversion and Management, Vol. 45, 
No. 8, pp. 1263–1277, 2004. 

[13] E. Deniz, S. Cinar, Energy, exergy, economic and environmental (4E) 
analysis of a solar desalination system with humidification-dehumidification, 
Energy Conversion and Management, Vo. 126, No. 1, pp. 12-19, 2016. 

[14] J. A. Duffie, W. A. Beckman, Solar Engineering Of Thermal Processes, pp. 
6.280-6.283, Fourth Edition, New York: Wiley, 2013. 

[15] Y. A. Çengel, M. A. Boles, Thermodynamics: An Engineering Approach, pp. 
14.726-14.732, Eighth Edition, McGraw-Hill Education, 2015. 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

12
.8

5.
0 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
5-

26
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            10 / 10

https://dorl.net/dor/20.1001.1.10275940.1395.16.12.85.0
https://mme.modares.ac.ir/article-15-12225-en.html
http://www.tcpdf.org

