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Abstract 

The creation of a sustainable community relies heavily on the availability of 

potable drinking water, which calls for a greater emphasis on brackish/sea 

water desalination techniques using humidifiers and dehumidifiers through 

innovation and economically feasible localised plants for small-scale 

applications. A systematic desalination analysis for the installation of an 

open water-closed air stream humidification and dehumidification (HDH) 

device in the coastal region of the Puducherry Union (11.9416° N, 79.8083° 

E) is a comprehensive review of desalination methods and techniques. In 

challenging areas with less maintenance and operational costs, HDH is an 

efficient technique for converting brackish water to drinking water.  The 

influence on the performance of the HDH unit of major working factors is  

studied and recorded. Experimental investigations into the solar-powered  

HDH method, the heat pump-driven technique and the impact of packaging 

materials in humidifiers are briefly recorded. Reviews on HDH system 

mathematical modelling and HDH system numerical modeling and 

simulation are also discussed and described. Finally this paper summarises 
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the conclusions, research gaps, and suggestions for more research to 

strengthen the HDH method. 

 

 

 

Keywords: Humidifier and Dehumidifier, Brackish water, Heat pump, 

Open water-closed air stream, Mathematical modeling, Numerical 

simulation. 

 

 

1 Introduction 
 

For the survival of a human, 15 to 20 litres of water per day are required 

as suggested by the World Health Organisation (WHO for basic needs such 

as food storage, drinking, washing and personal hygiene (Cipollina, Micale, 

and Rizzuti [8]). In the past, fresh potable water is a natural available 

resource whereas now it becomes mandatory to produce water and for 

achieving that some characteristics are needed and simple physio-chemical 

procedure is required. In the present condition, for producing/ manufacture 

fresh potable water, desalination process is used, which separates salts from 

the brackish or seawater in order to serve the continuous demand and is a 

consistent imperishable source (El-Dessouky and Ettouney [9]). Since from 

the middle of 1960s the growth of desalination is substantially good. As 

different techniques of desalination are available in used today, the 

desalination started with the thermal procedures. Procedures of membrane-

based such as reverse osmosis (RO) assisted further for promoting the 

desalination for the past 50 years (Bazargan [5]). A procedure for thermal 

desalination is viewed as 320 B.C. ahead of time. At the point where 

Aristotle composed,' saltwater, when it turns into fume, turns out to be sweet 

and when it consolidates, the fume does not form saltwater again. Shipboard 

refining starting in the sixteenth century is the principal common-sense 

utilization of refining to create new water from seawater. Desalination today 

is as yet a capital and energy-serious recommendation. To make the 

desalinated water more mild, techniques to decrease costs are necessary.  

With that in mind, improvement in construction efficiency (and minimising 

desalination costs) is needed to produce construction materials for hot cycles 

that resist degradation and decrease unit size and weight (and costs).  New 

layer materials that oppose chlorine attack and fouling with species and that 

often display greater selectivity and higher transformation are expanded to 

create new layer materials (Kucera [18]). Thermal and membrane 

desalination processes detailed in Figure 1. 
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              Figure 1 Thermal and membrane desalination processes 

 

 

In the present study, the opportunities and challenges related to 

desalination of brackish/seawater for making potable water for drinking is 

reviewed in elaborate. The advantages and limitations of HDH system; an 

economic and effective method are listed and apart from that, the effect of 

control variables on the HDH unit performance is also documented in brief. 

Formulation of mathematical models and numerical simulation of HDH 

system performance are also carried out. Finally, the future research work 

that is to be addressed for improving the performance of HDH system with 

less maintenance and working cost is also suggested. 

 

2 Overview of HDH System 

The desalination process based on humidification-dehumidification 

(HDH) involves vaporising the saline water from the fluid stream into a 

carrier gas stream and condensing the generated water vapour to create 

distillate water. This HDH technique has attained wide consideration in 

recent times (Bundschuh and Hoinkis[7]). In spite of the fact that it doesn't 

contend with existing advances, for example, switch assimilation, for 

desalinating bitter water or seawater in medium and huge scope applications,  
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HDH can be beneficial in decentralized, off-network desalination 

applications where water treatment request goes up to a few thousand cubic 

meters for every day (Narayan et al. [23]). Also, the innovation doesn't utilize 

membranes and doesn't depend vigorously on metal segments, which permits 

it to treat exceptionally saline water with some oil content without requiring 

costly consumption safe materials. HDH has as of late been marketed and has 

prevailing with regards to treating created water from powerfully cracked oil 

and gas wells (Gude[13]).  

Kabeel et al. [16] addressed that, HDH unit is a better choice for fresh 

water for decentralized system that requires lower thermal energy as the 

process is done at lower temperatures. It is concluded that growing the 

condenser and evaporator surface area significantly affects the system's 

optimised architecture productivity. Rahimi-Ahar et al. [27] considered HDH 

to be ideal for desalination-requiring medium and small-scale water plants 

with high salinity. With higher consumption of energy by large-scale 

desalination units based on thermal energy and carbon-based emissions 

arising out of burning conventional fuels and inadequacies in remotes areas, 

this HDH system is an alternative method for domestic usage. It is proposed 

to decrease the pressure of humidifier and increasing the pressure of 

dehumidifier, which can improve the HDH working due to improved rate of 

condensation and evaporation at high and low pressures considerably. 

 

      
 

Figure 2 Schematic illustration of HDH process 

 

This HDH desalination system is an appropriate technique for small-

scale brackish/seawater desalination process. The air can absorb the vapor 

content by increasing its temperature. Here the system is analyzed with an 

open water-closed air stream water heated process. The air is circulated by an 

electric air blower for forced convection. The air is forced from the bottom of  
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the evaporator. The HDH system doesn‘t require extensive maintenance, for 

low performing units incorporation of heat recovery system enhances the 

productivity (Elmutasim et al.[10]). In HDH system, three regions are 

identified based on the performance such as: high effectiveness region (100–

93% effectiveness), moderate effectiveness region (93–77% effectiveness), 

and low effectiveness region (77–57% effectiveness). 

The graphical diagram of the HDH method used for the desalination of 

salt water into potable water as seen in Figure 2. HDH processes are 

classified based on the configuration chosen (Figure 3). An open-air (OA) 

loop, as indicated by the name, utilises the environmental air passing through 

the humidifier, heated and then humidified, and then passed on to the 

dehumidifier where partial dehumidification is achieved and the air is left 

out. In the closed air (CA) cycle, the air will flow in the centre of the 

dehumidifier and humidifier in a closed state (Alasfour 2020[3]). 

 

 

 
                         
                     Figure 3 HDH System classifications 

 

In closed water (CW) HDH system, brine water is circulated again and 

again until a needed rate of recovery is obtained, using top-up water in 

connection with the recovered distillate. The HDH water recovery based on 

single-pass is minimum (5%), that‘s why recycling of brine water is essential 

for applications that needs considerable ratio of water recovery. The HDH 

cycles include heat recovery or heat rejection after the brine water passes the 

outlet of humidifier. In specific, if brine water is recycled at a definite 

temperature at the dehumidifier inlet, the closed-water cycle will works like 

open-water at that specific temperature (Spiegler 2012[30]). The air available 

in these cycles can be distributed by means of mechanical blowers or by 

means of natural convection and by a pump, feedwater will be circulated. 
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3 Solar Powered HDH System 
 

In HDH system, through naturally or by forced convection  air will be 

circulated and for compensating the loss of sensible heat, an external heat 

supply using heat pump or solar energy is utilized (Blanco and Malato [6]). 

RO and multi-stage flash (MSF) need higher energies; thermal energies in 

case of MSF and electrical energy in case of RO. Most of the desalination 

units using MSF and RO are driven by burning fossil-fuels, which results in 

higher production of carbon emissions and the unit is working capital 

changes with availability and price of fuels. To eliminate these problems, 

desalination techniques centered on usage of renewable energy is extremely 

necessary (Narayan et al. [23]). 

HDH system based on open and closed water cycle system using wind 

tower with solar energy is performed by (Sachdev and gaba et al. [28]) for 

producing potable water along with thermal comfort thereby saving energy. 

A wind tower catch the air at higher elevation and performs evaporative 

cooling by making the air pass through the porous clay wet mesh and also 

needed places by forced suction. Closed cycle arrangement is superior to 

open cycle arrangement due to steady temperature rise in storage water 

which improves vaporization during the process of humidification. 

Gabrielli and Mazzotti [12] performed HDH system run by solar units 

and proposed an idea based on equilibrium theory. It is observed that, 

humidified air develops easier as the temperature rises, which leads to simple 

wave collaborations, to smooth changeovers, and towards higher generation 

of entropy in humidifier. Alternatively, it is difficult for dehumidified air as 

the temperature lowers, which leads to shock wave interactions, subsequently 

sharp changeovers and lower generation of entropy in dehumidifier unit. The 

proposed solar driven HDH unit is presented in Figure 4. 

 

       
 
            Figure 4 Solar driven HDH system (Gabrielli and Mazzotti [12]) 
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Zhao et al. [38]) proposed a new HDH unit combined solar system with 

heating and water absorption system which assists the HDH unit with cross-

flow at four stages and equipped with waste heat recovery unit having higher 

yield of water volume and least cost for production as shown in Figure 5, 

 

         
                

 

                 Figure 5 Solar driven HDH desalination system with four-stage 

 

 

 

Hammadi [14] in their work modeled a desalination unit with open-type 

solar collector and estimated the influence of mass and heat transfer behavior 

in solar distiller and performed transient mode theoretical analysis of the 

proposed system. With higher velocity of air, the rate of evaporation 

increases due to higher mass and heat transfer coefficient with higher 

velocities of air, as shown in Figure 6. 
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                   Figure 6 Influence of air velocity on evaporation rates (Hammadi [14]) 

 

Wu et al. [33]) found that with change in humidifier working temperature 

from 293 to 370 K, the systems GOR increases, least work is needed for the 

perfect HDH unit with higher working temperatures. With increasing solar 

concentrators ratio, GOR obtained will be maximum. Figure 7 displays the 

work needed for fresh water production, whereas variation of GOR at 

different operating temperatures is displayed in Figure 8. 

 

                 
 

Figure 7 Least work needed for unit mass of distillate production (Wu et al. [33]) 
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 Figure 8 Variation of GOR at different operating temperatures (Wu et al.[33]) 

 

 

Sharshir et al.[29]investigated CAOW continuous solar still integrated 

HDH system that uses evacuated solar water collector and found that, 

freshwater production from solar still assisted with warm water at exit is 

higher than traditional solar still by an amount of about 242% with 39% 

higher GOR. The comparison made between the measured and theoretical 

HDH productivity is presented in Figure 9. 

 

             
 

Figure 9 Comparison of productivity between measured and theoretical productivity 

(Sharshir et al.[29]) 
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Thakkar et al. [31] utilized flash evaporator attached with HDH unit 

equipped with solar stills for improving the output of the distillate. Higher 

distillate is produced by flash evaporation unit than that of the solar stills. 

The output from solar still based HDH system averages 4.29 kg, whereas 

with integrated unit of solar still with flash evaporator produces a distillate 

output of around 13.95 kg. Thakkar et al. [32] reviewed various desalination 

approaches based on solar energy and identified a solution by combining 

different techniques of desalination for arid and small places. Application of 

traditional solar still is restricted around a distillate capacity of 3-liter as 

output which can be improved with the adoption of solar stills. Collectors 

with evacuated tubes are found to be inspiring as related with solar still 

having flat plate collector. Integrating flash system with HDH unit will 

improve the efficiency of the unit and the output of the distillate. 

 

 
 
4 Heat Pump Driven HDH System 
 

The requisite cooling and heating loads are given by the heat pump in the 

HDH unit as the performance of the humidifier enhances the recovery rate, 

GOR, and productivity of the systems. Energy recovery options, yields better 

behavior as compared with unit that deficiencies energy recovery (Lawal et 

al.[19]). It is found that, the thermal energy need to HDH unit can be 

delivered using solar energy, but the intensity of solar energy will be 

fluctuating and throughout the day it is not accessible. Hence, in order to 

provide a continuous energy to desalination system, energy backup system is 

required, which makes the unit expensive. But by coupling HDH with heat 

pump, uninterrupted thermal power is supplied (Lawal, Jawad, and 

Antar[20]).  

Pourafshar et al. [26](Pourafshar, Jafarinaemi, and Mortezapour[37]) 

developed an integrated solar collector with dual-fluid having double pass 

with photovoltaic-thermal (PVT) solar based humidifier with a heat pump for 

providing both electrical and thermal energy. By increasing the temperature 

of condensation to 30°C, 43.83% reduction in production of freshwater is 

sensed (Figure 10). Subsequently, maximum water production attained was 

4.14 kg which is equivalent to 0.99 kg/h/m2 solar humidifier with 0.15 kg/s 

flow rate of seawater and temperature of condensation 20°C. Increasing the 

condensation temperature further reduces the water evaporation rate. 
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Figure 10 Freshwater productions for different condensation temperatures 

 

 

 

 

Zhang et al. [37] introduced a heat pump in their proposed system for 

transferring the heat to the saline water using heat exchanged and then 

captivates heat available in air from the 2nd phase dehumidifier as presented 

in Figure 11. 

Lawal et al. [21] performed economic analysis and identified that price 

of potable water is least for Heat pump-HDH air-heated system, trailed by 

Heat pump-HDH water-heated cycle, and electric heater-HDH system. It is 

found that; Heat pump-HDH-Air heated HDH unit reached the maximum 

GOR and least consumption of energy whereas electric heater-HDH-Water 

heater unit attained least GOR and maximum specific energy consumption. 

From Figure 12, it is observed that, heat pump-HDH-Air heater attained 

maximum GOR and minimum energy consumption as least energy is needed 

for heating the humidified air when compared with heating water-heated unit 

as improved water condensation in dehumidifier is obtained which leads to 

higher GOR and productivity and minimum energy consumption. 
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             Figure 11 Heat pump assisted HDH system (Zhang et al.[37]) 
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Figure 12 Influence of effectiveness of dehumidifier on GOR and energy 

consumption 

 

By combining the variable pressure HDH unit with the heat pump, Ayati 

et al. [4] achieved change and increased desalination rate and energy 

consumption. It is also observed that raising the PD/PH dehumidifier to 

humidifier pressure ratio in the 2.0 to 3.0 range increases the output ratio and 

desalination rate by 61 percent and individually by 215 percent. Figure 13 

shows that compressor power consumption in the dehumidifier raises with 

greater pressure. 

 

              
Figure 13 PD/PH influence on performance ratio and consumption of energy 

 

 



 
 

 

 

 

2201 Velmurugana. V et al 

 

6 Packing Materials for Humidifier 
 

To improve the efficiency of humidification, in columns of humidifier, 

packing material is used typically, which increases the water droplets 

dispersion, time of contact and area of contact. Units containing packing 

materials are commonly called as packed bed units and cooling towers are 

special units to cool water (Wallis and Aull[45]).  

Essa et al. [11] reviewed the effects of different materials used for 

packing on the behavior of the HDH unit and identified that, humidifier with 

packed bed is highly effective than that of other types of humidifier. Honey 

comb structure and cellulose papers are the ideal choice as packing material 

in HDH unit.  

Xu et al. [34] developed an optimal air cooling condenser composed of 

polycarbonate (PC) boards that are tightly packed with a surface contact area 

of 13.5 m2 with a volume of 0.1 m3 and a thickness of 0.2 mm, decreasing 

the thermal resistance between the cooling air, the humid air and the 

cellulose pad, thus enhancing the evaporative process. Figure 14 presents the 

relationship between hot water and air mass ratio (MR and productivity. 

With higher MR, owing to the higher vapour content carried by air at higher 

water flow speeds, efficiency improves. Increasing the flow rate of water 

increases the area of contact among cellulose pad and hot water as higher 

volume of packing material is soaked. 

 

                 
                              Figure 14 Productivity as a function of MR 

 

 

The efficiency of the HDH device is studied experimentally with 

humidifier beds filled with new materials using corrugated (zigzag) 

aluminum sheets (Ahmed et al. [2]). Lowering the cooling water temperature 

greatly increases the yield of fresh water. The temperature of the air at the  
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humidifier inlet has a lower effect on the productivity of the drinking water 

relative to the temperature of the water at the humidifier inlet. Increasing the 

flow rate of cooling water reduces the increase in the temperature of the 

cooling liquid and consequently the surface temperature of the dehumidifier, 

resulting in lower air temperature and higher condensation, as seen in Figure 

15, where the temperature of cooling water and outlet air decreases with a 

higher flow rate of cooling water. 

 

 

              
 

Figure 15 Effect of flow rate of cooling water on temperature of water and air outlet 

and dehumidifier duty 

 

 

 

 

7 Numerical Analysis of HDH System 
 

Developing an perfect model for a HDH unit allows the researchers to 

simulate the influence of working conditions with considerable importance 

practically (Abdel-Hady et al.[1]). It is obvious that designing and simulating 

the HDH solar driven unit are vital tools in the designing and working phases 

of real time plants. 

Experimental and numerical studies are performed on the direct contact 

water/air system with mass and heat transfer in the humidifier and the results 

obtained show a maximum error between experimental and numerical values 

of 12 percent. Three theoretical calculation methods are used to assess the 

performance of the humidifier, which is considered a cooling tower: Merkel 

(Merkel [22]), Poppe (Poppe and Rögener [25]), and e-NTU methods (Jaber 

and Webb [15]). The methods of e-NTU and Merkel are based on 
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 assumptions that the influence of water evaporation on the energy balance is 

neglected. Merkel method exactly predicts the temperature of water at exit in 

definite conditions, but cannot estimate the flow rate of evaporated water and 

air at outlet. But, Poppe model predicts the conditions of air at outlet exactly.  

In the packing area, mass and heat transfer among water and air takes place 

primarily. The assumptions made are  (Ke, Huang, and Ling [23]): 

 

1. Humidifier is a 2D axisymmetric simplified model 

2. The packing area is consider to be porous 

3. The local value of Merkel number is considered to be equal to the mean 

value of Merkel number for total packing. 

4. The synchronized mass and heat transfer take place only in the packing 

zone, and the mass transfer is omitted in other places. 

5. A thin film of saturated air is presents at the temperature of water among 

the gas and liquid stream. 

 

In general CFD works based on Navier stoke equations which is derived by 

Cauchy momentum equation (Tao, Yimo, and Lin[42]). 

 
  

  
 

 

 
                                                              (1) 

 

 

where 
 

  
 is a material derivative, ρ is density, ∇ is divergence, u is velocity 

flow, g is gravity and  σ is a sum of deviatoric stress (τ) and pressure term pI. 

The Cauchy momentum equation in convective form is 

 

 
  

  
                               

 

 

Equ 2 is the assumption of an inviscid fluid, non-deviatoric stress Cauchy 

equation and is reduced to Euler equation by assuming conservation of mass. 

Mass continuity equation is 

 
  

  
                              

 

Rearranging the conservation equation, it is written as 

 

 
 

  
                                       

 



 
 

 

 

 

 

 

 

 

 

 
A Critical Review of Humidification Dehumidification Desalination Using Low 

Grade Green Energy 2204 

 

The above equation called Cauchy momentum equation in conservative 

form. Navier equation can be deduced from Cauchy equations. By stating the 

tensors of deviatoric stress in relations with gradient of fluid velocity and 

viscosity and considering viscosity as constant, Navier Stokes equations lead 

by Cauchy equations as in Equations (5) and (6) expresses the conservative 

of mass and angular momentum in the Cartesian coordinates (Luo, Yang, and 

Lu[29]; Zarei, Jahromi, and Karachi[36]). 
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The energy conservation equation is presented in Equ. (7). 
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The numerical model of a heat pump-driven HDH system is constructed 

and validated and the effects on system performance of air temperature, air 

humidity ratio, air flow rate, seawater temperature and seawater flow rate are 

numerically studied (Zhang et al. [37]). The findings reveal that the rise in air 

temperature has an insignificant influence on efficiency, while the increase in 

air humidity adds to the change in machine productivity. The unit efficiency 

rises steadily to a maximum value with the rise in air flow rate, and declines 

later as the air flow rate tends to increase, while the increase in seawater flow 

rate is beneficial for fresh water yield, as seen in Figure 16. 
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Figure 16 Influence of mass air flow rate on the performance of the system (Zhang 

et al. [37]) 

 

Numerical and thermodynamic analysis investigates the behaviour of 

hybrid solar-based HDH units (Okati, Farsad, and Behzadmehr [24]). The 

quantity of production of fresh water tends to shoots up with higher velocity 

of air in a constant condenser tube length and with change of air velocity at 

inlet from 0.1 m/s to 0.3 m/s, which leads to an 77.28% increase in 

condensed water. Productivity increases by 70.7% when the temperature of 

water at inlet is changed from 30°C to 50°C and changing the cross-section 

of air at inlet 0.15 m2 to 0.2 m2 improves 11.39% water productivity. 

Production of potable water for various velocity of air is presented in Figure 

17. 

 

        
Figure 17 Production of potable water for various velocity of air (Okati, Farsad, and 

Behzadmehr[24]) 
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A transient simulation model for solar-assisted HDH unit employing 

evacuated-tube collectors in integration with multi-effect HDH plant with 

16 m3/day capacity of productivity is designed (Kim et al. [17]). Increasing 

temperature of water to 90°C from 80°C lowers the efficiency of collector to 

54.8% from 57.3%, as the performance ration production rate of water 

slightly increases from 4.11 to 4.13 and 0.18 to 0.21 kg/s and from 4.11 to 

4.13, correspondingly. Figure 18 shows that a considerable temperature drop 

takes place among second and first effects because of quenching due to 

higher seawater flow rate and difference in temperature among the effects in 

the range of 2–5°C. 

 

 

     
 

Figure 18 Temperature contours of HDH unit for 80°C temperature of water (Kim et 

al.[17]) 

 

CFD simulation studies is used to investigate the impact and 

quintessence of the waste water and air heating on improving the mass 

exchange, the warmth and mass exchange of the two-stage stream in the 

internal pinnacle and is discovered that, the mistakes between exploratory 

information and re-enacted information are for the most part close to 5.5%. 

Along these lines, the mathematical model is essentially precise in foreseeing 

air temperature, arrangement temperature and air dampness of this counter 

stream splash concentrating tower (Yu, Jin, and Xia[35]). The spray 

concentration tower used for experimentation is shown in Figure 19. 
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Figure 19 Experimental setup of concentration tower with sprayers (Yu, Jin, 

and Xia[35]) 

 

 

From Figure 20 having an inlet air temperature of 70 °C and water inlet 

temperature of 70 °C, it is identified that, humidity of air rises in the trend of 

height of tower. It is remarkable that the trend of the slope is not of a single 

slope. Normally, humidity of air increases initially and the gradually reduces 

and finally accelerates further, trend is mainly affected by the change in 

temperature of air and is related towards the heat transfer change. 

 

 

             
Figure 20 Changes in humidify of air at different tower height (Yu, Jin, and Xia[35]) 

 

 

The performance of the humidifier column in HDH system is determined 

from simulations using CFD and experimentally (Zarei, Jahromi, and 

Karachi[36]) by developing a transient 3D model as per k-epsilon standard 
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 model as per fluid volume basis and studied the influence of flow rate of 

seawater and air and temperature of seawater inlet on the temperature of air 

at outlet. It is observed from Figure 21 that, with higher flow rate of 

seawater, increase in temperature of air ate exit is observed, higher 

temperature of air at exit produces higher air humidity at column type 

humidifier for 157 m3/h flow rate of gas. 

 

                      
Figure 21 Temperature of air at exit vs. different flow rates of seawater (Zarei, 

Jahromi, and Karachi[36]) 

 

 

 

8 Conclusions 
 

In this article, in different parts covering the components of the HDH 

system, solar power supported HDH system, heat pump controlled HDH 

system, various packaging materials used to enhance the efficiency of the 

humidifier and computational simulation of the HDH system, a crucial 

analysis of the HDH system that transforms saline/brackish water to potable 

drinking water at a small-scale level is carried out. In the HDH framework, 

further research is being carried out to achieve higher output volumes and 

improved efficiency using various methodologies with reduced waste water 

and power usage. Different criteria are also taken into account and their 

effect on GOR and the HDH system's efficiency is also given in depth. 
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