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Abstract  

In recent years, water stress has become a global crisis due to climate and demographic changes and 

lifestyle changes. Freshwater production from the sea using various processes is known as the most 

important solution to deal with this crisis. Among these processes, the humidification-dehumidification 

process has been considered by the scientific community as a flexible and low-cost method. The present 

work has investigated the performance of vortex-humidification-dehumidification water desalination 

cycle. The existing system is a dehumidifier-dehumidifier type, in which a vortex tube has been added. 

According to the structure of the vortex tube, its hot air outlet has been used to increase the possibility of 

moisture absorption in the humidifier and its cold air outlet has been used to increase the amount of 

condensed water in the humidifier. According to the second law of thermodynamics, the performance of 

the cycle has been studied. In the analysis of multi-flow cycles with heat and mass transfer, the 

commercial software EES has been used to solve the equations. The fresh water output for specific 

conditions (sea level, air temperature 35 degrees Celsius and relative humidity 30 percent) is equal to 7.85 

kg/h and the research results show that the Gained-Output-Ratio is equal to 1.189. It is shown that the use 

of the vortex tube and the consequent increase in air temperature at the inlet of the humidifier and the use 

of the second dehumidifier in the cycle increase the production of fresh water. 
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1. Introduction 
In the past, water desalination processes were 
designed based on the principle of water 
evaporation and condensation. Some desalination 
processes are still based on this principle 
(Razdari and Fanaee, 2021). These processes 
include: 
•Multi-Stage Flash Distillation

1
 Process 

• Multiple Effect Distillation
2
 Process 

• Vapor Compressed
3
 Process 

• Freezing
4
 Process 

• Humidification-Dehumidification
5
 Process  

• Solar Distillation Process 
Among the mentioned processes, the 

humidification-dehumidification process has 
many capabilities, including easy design, low 
operating cost, and long service life (Hou, 2008). 
The amount of energy consumption in this 
method is lower than other usual methods of 
water desalination, so that the energy of the sun 
can also be used to provide the required energy 
(Al-Hallaj and Selman, 2002). The 
humidification-dehumidification process is 
known to be a suitable method for desalination of 
high salinity water for use in small and medium 
scales (Rahimi-Ahar et al., 2020). This cycle can 
be used to supply drinking water to residential 
units in remote and sparsely populated areas with 
minimal energy consumption (Fath and Ghazy, 
2002).  
 

2. V-HDH cycle description 
The proposed V-HDH cycle is according to Fig. 
1. In this cycle, the saline water is pumped and 
entered at a certain temperature into the 
dehumidifier, increasing its temperature. Then, it 
enters a preheater and by absorbing heat, goes 
into the humidification tower at a high 
temperature. In the humidifier, the incoming hot 
water is sprinkled on the cellulose pad, causing 
mass and heat exchange with the airflow; some 
of the water evaporates and exits the tower along 
with the airflow. The remaining water is 
collected inside the humidifier and is returned to 
the saline water tank at the entrance of the cycle. 

On the other hand, the ambient air is 
compressed by the compressor and enters the 
vortex tube. Then, the flow of cold air from the 
vortex tube is conveyed to be used in 
dehumidifier number 2, and the flow of hot air 
from the vortex tube enters the humidifier. In this 
way, two streams of hot air and warm water enter 
the humidifier and after the two fluids collide 
and exchange mass and heat, the air humidity 
increases to the saturation level. The saturated air 

                                                 
1
 Multi-Stage Flash Distillation (MSF)

2
 Multiple Effect Distillation (MED)

3
 Vapor Compressed (VC)

4
 Freezing

5
 Humidification- Dehumidification (HDH)

exits from the top of the humidifier and enters 
the dehumidifier number 1. There the saturated 
air hits the cold plates, heat exchange is done, 
and by condensation, part of the moisture content 
of the air is distilled as the product (freshwater). 
Also, in dehumidifier number 1, the saturated air, 
whose temperature has been reduced to some 
extent and some of its moisture has been 
removed, leaves the tower and is transferred to 
dehumidifier number 2. There, the incoming 
saturated air, after hitting the cold plates of the 
heat exchanger, has a temperature drop and loses 
some of its moisture in the form of fresh water. 
  

3. Results and discussion  
According to Fig. 2, it can be seen that the heat 
capacity rate ratio of the second dehumidifier

6
 is 

the middle limit of other components; at the limit 
value of HCRD2=1, it will achieve the maximum 
value of Gained-output-ratio

7
 and it should be 

placed as a sensitive component in the cycle at 
the target point of optimization. Also, the 
calculation of the recovery ratio

8
 based on the 

changes of HCRD2 shows that with the increase 
of the HCRD2, the efficiency of fresh water 
extraction decreases. On the other hand, if the RR 
index for the HDH system is close to 5%, it is 
desirable. Therefore, according to the diagram, in 
the current research, the value of RR in a limiting 
condition (HCRD2=1) is equal to 5.8%, which 
indicates the desirability of the V-HDH cycle. 

 

4. Conclusions  
In the current research, we investigated the 
parameters of the V-HDH cycle. The most 
important results are as follows: 
1. The maximum value of the GOR and the water 
RR in the cycle is related to the minimum entropy 
production for the cycle, which can be achieved 
by adjusting the cycle input variables based on a 
temperature balance close to one in dehumidifier 
tower No. 2 (HCRD2=1). 
2. For a given vortex tube, the amount of 
freshwater production increases by increasing the 
flow rate of saline water input to the cycle up to 
0.042 kg/s. 
3. Increasing the temperature of the inlet air has a 
greater effect on the performance of the cycle 
than increasing the temperature of the inlet saline 
water. 

The simulation results in the present study 
show that the present desalination cycle is in good 
agreement with the experimental data of the past 
studies and it seems that this cycle can work 
successfully. 
                                                 
6
 Recovery Ratio (RR)

7
 Gained Output Ratio (GOR) 

8
 Heat Capacity Rate Ratio of the Second Dehumidifier 

(HCRD2) 
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Fig. 1. Schematic image of V-HDH desalination cycle 
 
 

 
Fig. 2. Review of V-HDH system performance based on the change in the HCRD2 
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Fig  1. Amount of water shortage by countries of the world (Euronews, 2019) 

)Euronews, 2019(   

Fig. 2. Types of HDH processes (Behzadmehr et al., 2016)
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Fig. 3. Schematic image of V-HDH desalination cycle
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Table 1. Mass balance equations, energy balance and auxiliary equations in the cycle

Mass balanceEnergy balanceAuxiliary equation
Cycle 

components

ṁ13 = ṁ10

ṁ13 = ṁ14
h13 =

Ẇp

ṁ10
+ h10

mw10 = 0.04(
kg

s
)

T10 = 25 ℃
Ẇp = 0.033(kW)

Pump 

ṁ16 = ṁ15h16 =
Q̇preheater

ṁ15
+ h15 

Water 

preheater

ṁdray−air1

= 0.087(
kgda

s
)

Q̇compressor − Ẇcompressor

= ṁdray−air1(h1−h2)

Ẇcompressor = 4 kw

T1 = 35 ℃
Compressor* 

ṁ3 =  cf. ṁdray− air2

ṁ4

= (1 − cf)ṁdray−air2

Vortex tube

ṁ17ṁ16(ṁv6ṁv19)
ṁ17h17

+ ṁdray_air = h6 = ṁ16+h16+ṁdray_airh19
Humidifier

ṁ15 = ṁ14ṁ8

= ṁdray_air(ω6

− ω7) 

ṁ8h8 + ṁdray_airh7 + ṁ15h15

= ṁ14h14 + ṁdray_airh6

εwdehumid1 =
ṁ14(h15 − h14)

ṁ14(hideal15 − h14)

εadehumid1 =
ṁdray_air(h6−h7)

ṁdray_air(hideal6−h7)
 εdehumid1 =

max (εwdehumid1, εadehumid1) 

Dehumidifier 

1** 

ṁ21 = ṁ3

ṁ11h11 + ṁdray_airh9 + ṁ21h21

= ṁ3h3 + ṁdray_airh7

εa321dehumid2 =
ṁ3(h21 − h3)

ṁ3(hideal21 − h3)

εa79dehumid2 =
ṁdrayair

(h7 − h9)

ṁdrayair
(hideal7 − h9)

 

εdehumid2

= max (εa321dehumid2, εa79dehumid2) 

Dehumidifier 

2 

ṁ12 = ṁ8 + ṁ11ṁ12h12 = ṁ8h8 + ṁ11h11Water tank

Parameters:  vortex tube coefficient (cf), mass flow rate (m ̇), temperature (T), humidity ratio (ω), compressor work 
(W ̇_comp), compressor heat transfer rate (Q ̇_comp), enthalpy (h), mass flow rate of dry air (m ̇_(dray-air)), water 
preheater heat transfer rate (Q ̇_preheater), effectiveness coefficient (ε), Gained-Output-Ratio (GOR), Recovery-Ratio 
(RR), modified heat capacity rate ratio (HCR)  

* The compressor is considered isothermal type and produces 7 bar pressure and 613.8 L/min air flow rate. 
** The efficiency factor in dehumidifier towers is assumed to be 90%.

 

Table 2. Comparison of the existing cycle with the results of Farsad and Nawayseh 

Total production 

(kg/h)

Production of 

dehumidifier 1 (kg/h) 
T5(

o
c)T1(

o
c)Q(kw)MaMw Parameters

1.271.2735251.40.010.11Farsad

1.311.3135251.40.010.11Nawayseh

1.741.335251.40.010.11Current work
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Fig. 4. The rate of fresh water production by the studied 
system according to the change in the flow rate of the 

salt water input in terms of (kg/s) 

(kg/s)

Fig  5. Effect of change in mass flow ratio (MR) on GOR 
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Fig. 6. Calculation of GOR value according to the change of HCR in the main components of the V-HDH cycle:
a) The value of GOR according to the change in the ratio of heat capacity of humidifier, b) The value of  

GOR according to the change of the HCR of the first dehumidifier and c) The value of GOR  
according to the change of the HCR of the second dehumidifier 
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Fig. 7. Review of V-HDH system performance based on the change in the HCR of the second dehumidifier (HCRD2): 
a) Calculation of GOR value according to the change of the HCR of the second dehumidifier, b) Calculation 

of the RR value according to the change of the HCR of the second dehumidifier 
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Fig. 8. Changes of GOR with MR at different air 

temperatures 

GORMR

 
Fig  9. RR changes at different air temperatures 
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Table 3. Comparison of the existing cycle with another research 

Researcher Energy source 

Fresh water 
production 

capacity 
(Kg/h) 

Inlet water 
temperature (

0
C) 

GOR 

(Farid and Al-Hajaj, 1996) - - - 3.2 

(Al-Hallaj et al., 1998) - - - 1.7 

(Nawayseh et al., 1999) - - - 1.6 

(Müller-Holst, 2002) - - - 4.5 

(Bacha et al., 2003) - - - 0.3 

(Li et al., 2006) - - - 1.2 

(Kabeel and El-Said, 2013) Solar collector 1.792 _ 4.5 

(Sharshir et al., 2016) Heater 2.816 65 3.2 

(He et al., 2018) Rankin cycle (ORC) 99.05 - 1.5 

(Fouda et al., 2018) Solar energy 14.58 - 1.63 

(Shafii et al., 2018)  2.8 - 2.08 

(Rostamzadeh et al., 2019) - 1172.48 - 4.54 

(Faegh and Shafii, 2019)  2.5 - 0.91 

(Abbady et al., 2020) Electric heater 4.542 - 0.31-0.51 

(Lawal et al., 2020) Heat pump cycle 9.23 - 2.27 

(Brunini et al., 2021) H2 3 - 1.04 

Current study (V-HDH) Vortex tube 7.582 25 1.18 

ab


C

kg/skg/s

GOR

GOR

 

 
 

V-HDH

 

GORRR

HCRd2= 

kg/s 

 

GORHDH
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