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Increasing population combined with pollution of water bodies makes human being on this 
earth fully dependent on purified or desalinated water Keeping in mind the end goal to take care of 
the demand for consumable water, desalination systems of different kind have been proposed by 
many industrial establishments and research groups. Among the known water purification system 
Humidification Dehumidification (HDH) has become popular due to its simple operation, 
economic viability, absence of skilled labor and dependence on green and low grade energy to 
power the system. The theoretical analysis has been carried out using a simulation code in ‘C’ 
language to study the performance and quantity of output at various operating conditions. Results 
demonstrate that with increment in the mass flow rate of water and air, the effect of productivity on 
desalinated water increases and decreases respectively. In addition, the freshwater output increases 
with decrease in the heat input which is favorable for the enhancement of desalination efficiency. 

 
Keywords: Humidification, Dehumidification, Desalinated Water, Performance. 

 

1.  Introduction  

Humans, plants and animals all need fresh water to 
survive. There are numerous locales of the world that are 
honored with a plenitude of fresh water. Yet, thickly 
populated zones, developing quick industrialization, are 
encountering more unpleasant pressure, particularly 
when they are situated in dry areas. A water poll 
demonstrates that in excess of a billion people having a 
place with a lower wage bunch don't approach safe 
drinking water with the world over. This kind of ill-fated 
circumstances enforces governmental and 
non-governmental bodies to help create a feasible 
solution to provide fresh water to all communities 
throughout the year. An implementable arrangement is 
really beneficial just in the event that it is versatile and 
can achieve countless (say, a million or more). For such 
versatility, hypothetical examination of HDH can be an 
answer to handle a variety of contaminants in the water 
to be dealt with. 

Many theoretical and experimental investigation has 
been performed on HDH desalination systems due to its 
remarkable advantages. Zubair et al. [1] used two HDH 
cycles to create an empirical and experimental model. 
The model utilizing Open air water cycle (OAOW) 

resulted in great accord with the altered Closed water 
open air cycle (CWOA) amidst a most extreme rate 
deviation of 5%. Dahiru et al. [2] developed a HDH 
desalination framework controlled by a heat pump. With 
mass and energy balance equations, they also proposed a 
numerical model using closed air with open heating and 
an altered cycle with air heated. They acquired the most 
extreme GOR 8.88 at 80% viability for cycles with 
heated air and water. Soufari et al. [3] built up a program 
to advance the execution of the HDH framework, he 
worked in that to limit specific energy consumption, 
amplification of profitability, and boost of condenser 
heat recuperation and inferred that the ratio of mass flow 
rate of water and air is the best parameter and 
furthermore humidifier channel water temperature will 
also be a vital parameter. Previous research by Gang et al. 
[4] demonstrated that the GOR (Gained Output Ratio) of 
the HDH desalination systems increases with increase in 
the operating temperature especially after 340 K. He et al. 
[5] obtained a maximum GOR of 2.44 at a pressure of 
0.15 MPa due to the modification of heat capacity ratio 
of the dehumidifier in their simulation. In their another 
work they also investigated the effect of coupling a heat 
pump with HDH desalination system where they 
achieved a GOR and yield of 5.4 and 106.53 Kgh-1 
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respectively and concluded that less temperature 
difference and higher effectiveness value of the 
condenser is responsible for more water production and 
thermal efficiency for both humidifier and dehumidifier 
[6]. Ahmed et al. [7] have analyzed that the GOR of the 
HDH system with a closed-air closed desiccator 
decreases with the increase of the humidifier enthalpy 
which reduces the heat and the potential mass transfer 
that influences the evaporation rate of the humidifier 
which led to a decrease in the production of fresh water. 
Nabil et al. [8] studied the effect of rate of flow and 
temperature of geothermal water, where productivity and 
GOR are 104 L / m2 and 1.2 respectively in their 
proposed HDH desalination system driven by solar 
energy. A recent study by Shafii et al. [9] confirmed that 
with an increase in volumetric flow rate and relative air 
humidity in the dehumidification section GOR 2.08 was 
obtained, and, on the other hand, an increase in ambient 
temperature caused a decrease in the GOR system. Based 
on the mathematical model proposed by He and Xu [10], 
the more efficiency of the humidifier and the high inlet 
temperature from the sea water of the humidifier 
increased the GOR value by approximately 37.02%. Said 
et al. [11] compiled a mathematical model for studying 
the performance of the HDH desalination system 
integrated with a heat pump enclosed in a humidifier 
with direct contact. They reported that increase in the 
temperature of the upper sea water and fresh water 
increased the HDH GOR system from 0.54 to 0.73.  
Hadi et al. [12] optimized the GOR value and water 
production performance by combining an absorption heat 
pump in the HDH desalination system. They produced a 
maximum of 0.647 kg / s of fresh water, including GOR 
and EGOR (Exergy-based GOR) 9.02 and 3.04.  
Jung-Hong et al. [13] used a Photo voltaic driven HDH 
system (PVHDH) working under free or forced 
convection mode, ensured that desalination of brackish 
water is also technically and economically feasible 
comparing with traditional water treatment plants.   
The analysts in past works typically centered around 
macroscopic and thermodynamic modelling utilizing 
many external resources like heat pump, desiccant layers, 
heat exchangers etc. which contributes to more cost and 
maintenance. Here, in this study, we developed a 
modified mathematical model (with C language) that 
uses direct natural sources of energy to predict the 
parameters responsible for increasing the productivity of 
fresh water in the HDH desalination system.  
 

1.1 Desalination 

 Desalination advancements can evacuate all 
contaminants including every single broke down particle, 
microorganisms and different toxins. The accompanying 
are desalination innovations designed by technocrats: 

• Solar still  

• Nano Filtration (NF) 

• Freezing desalination 

• Geothermal desalination 

• Forward osmosis (FO) 

• Wave-powered desalination 

• Ion exchange 

The difficulties in executing these advances are, 
nonetheless, to make them ease, to give them at a 
network scale and to make them moderately support free 
(or if nothing else viable by non-specialized workers) [4]. 
Desalination is, and will be later on, a suitable and even 
vital method for producing freshwater from water of 
moderately low quality. In this venture, we put forth the 
defense for desalination as one of the real instruments for 
meeting the pure water needs of a developing planet. 

 

1.2 Working of an HDH System 

 It is a well-known fact that most of the researches in 
Humidification and Dehumidification systems have 
contributed to the development of different sizes of 
desalination frames according to the requirements and 
prerequisites. The activity of the structure can be 
illustrated in Fig. 1. Naturally, sea water gets desalinated 
by the circulation of rain water especially with the rays 
of sunlight. In the rain cycle, the sea is heated and 
moistens the air that holds the gas. Humid air rises and 
forms a fog. Finally, the clouds "drain" the rain. 
Moisturizing and drying the desalting solution using the 
HDH cycle is the most encouraging permanent 
improvement in desalination. When the flow of air 
contacts the brine, the HDH procedure depends on how 
the air is mixed with a large amount of water vapor. A 
certain amount of steam is released in the air that induces 
cooling and then the steam condensation occurs in the air 
due to the contact of moist air with the cooled surface 
which in turn helps to recover the purified water. 

 
 
 

  

 
 
 

Fig. 1:  (a) Rain Cycle (b) Simple HDH Cycle 

(a) 

(b)
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Fig. 2: Types of desalination 

 

2.  Different types of Desalination 

It is estimated that 0.3% of the global carbon emission 
is emitted from the present desalination technology since 
it is dependent on the electricity produced from 
traditional fossil fuels, even though it contributes only 
0.34% of the global fresh water supply. By 2050, this 
0.34% contribution will be enhanced to at least 10% that 
will lead to 14% of global carbon emission. Therefore, it 
is necessary to search for an alternative desalination 
technology like HDH desalination system which can 
work on renewable energy [14]. 

 
3.  Methodology  

A simulation code was developed in the 'C' language 
for the HDH desalination system for analyzing its 
performance, the simulation code includes general input 
characteristics such as heating power, sea water salinity, 
temperature of water inlet, air inlet temperature, water 
temperature for spraying, mass flow rate of sea water and 
air. The principles of thermodynamics are used to 
calculate the thermophysical properties required for air 
and seawater likewise, the psychometric relationships 
available in the literature give specific humidity, relative 
humidity, steam pressure and enthalpy. The simulation 
code provides output information on the various input 
parameters, the effects of the input parameters, the fluid 
conditions such as the liquid temperature, the relative 
humidity, the specific humidity and air at each stage. 

 
 
 

 
 

3.1  Assumptions made in the study 

• The system operates at steady state conditions. 
• Humidifiers and dehumidifiers do not cause 

heat loss in the environment. 
• Pumping power and blower power are 

negligible compared to the heater's power consumption 
• The temperature of humidified air coming out 

of the humidifier is equivalent to the spray water 
temperature. 

• The flow is one directional. 
Despite the kind of humidification dehumidification 

framework, the accompanying numerical model is 
utilized to assess the essential characteristics needed for 
the examination of the desalination unit. 

 
3.2  Physical properties of air  

The accompanying equations are expected to examine 
the fundamental properties of air [15].  

Specific humidity 

 vsptp
vsp


 622.0  

(1)

Saturated vapor 

pressure  58.37

9.4042
5771.23exp(




T
pvs

(2)

Relative humidity 

p

pvs  
(3)

Enthalpy of moist air va hhh   

 TTch pa 9.12501    

 

(4)
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3.3  Physical model of Humidifier and Dehumidifier  

 

 
Fig. 3: (a) Physical model of Humidifier (b) Physical 

model of Dehumidifier 

The humidifier acts as an evaporator in the HDH 
system when the air flows inside the humidifier, since 
the water spray will mix with the air flow inside the 
humidifier, because of this some water will evaporate 
and be carried out by the air flow, the amount of water 
evaporation is based on the temperature of the sprayed 
water temperature and mass flow rate of air, and thus 
negligible external energy is needed. At a certain 
temperature of the liquid, partial pressure becomes equal 
to the saturation pressure where the formation of 
saturated vapor occurs. Dehumidifiers acts as condenser 
in HDH Desalination systems to dehumidify the moisture 
air coming out of the humidifier to produce the fresh 
water by using the sea water. Cooling water flows in the 
coil of the heat exchanger, and the wind flows through 
the bearing of the costal ring in the condenser cabinet. 

3.4  Physical model of heater and Closed Air Open   
Water Cycle 

Fig. 4: Physical model of Heater 
 

Fig. 5: Physical model of water heated CAOW HDH 
cycle 

‘For our analysis Closed Air Open Water (CAOW) 
cycle was selected. The boiling water humidifies the 
humidifier by making its high temperature water and air 
to flow on it. This procedure on the psychometric outline 
is spoken to by the line 1– 2 (Fig. 5). Utilizing sea water 
as coolant, the humidified air is sent to the dehumidifier 
in a small heat exchanger where the humidified air 
cooled to a lower temperature. The seawater gets 
preheated all the while and is additionally warmed in a 
radiator’ 

 
3.5  Performance parameters of the HDH system  

The following factors are considered as the 
performance parameters of the HDH system: 

i. Gained Output Ratio (GOR. 
ii. Productivity of the system 
iii. Recovery Ratio (RR) 
 

3.5.1   Gained Output Ratio (GOR) 

This is the ratio of the latent heat of evaporation of the 
resulting water to the total heat introduced into the cycle. 
 

in

fgpw

Q

hm
GOR

.
  

 
(5)

The structure of HDH system is mainly affected by the 
heat recovery measurement which acts as an important 
parameter in disturbing the efficient production of water. 
This is an important performance parameter of 
enthusiasm for HDH and is basically the same as the 
performance indicator (PR), characterized for media 
MED and MSF [16]. For steam-oriented desalination 
systems PR is roughly equivalent to GOR 

(a) 

(b) 
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ss

fgpw

hm

hm
GOR




.

.
 

(6) 

s

pw

m

m
  

(7) 

= PR 
 

 
The proportion of latent heat (hfg) to specific energy 

consumption acts as a vital element in characterizing the 
Gained Output Ratio (GOR). By determining the partial 
pressure of the water vapor in the dehumidifier, the latent 
heat for the above conditions are ascertained. 

 
3.5.2   Productivity and Recovery Ratio of the system 

Productivity is the measure of quantity of water 
delivered per unit time of activity; it is the main criteria 
to determine the system capability to produce the fresh 
water while Recovery Ratio (RR) is the extent of the 
amount of water conveyed per kg of feed. 

sw

pw

m

m
RR   

 
  
(8) 

3.6  Thermodynamic Formulation [17,18] 

i. Governing equations for humidifier 

Mass balance equation 

)( 1,2, aadaswb mmm    

 

(10)

Energy Balance equation 

)( 2,1,3, aadaswswbb hhmhmhm   

 

(11)

ii. Governing equations for dehumidifier 

Mass balance equation 

)( 1,2, aadapw mm    

 

(12)

Energy balance equation 

)()( 1,2,1,2, aadapwpwswswsw hhmhmhhm   

 

(13)

iii. Governing equations for heater 

)( 2,3, swswswin hhmQ   (14)

iv. Equations to calculate the properties of air 

Regression analysis has been done to obtain an 
equation to calculate the properties of air. 

Specific heat at constant pressure 

Cp = 2E-08T4 - 6E-06T3 + 0.0009T2 - 0.016T + 1004.9

 

(15)

v. Partial pressure of water vapor present in the air 

+ 0.0168T + 0.67 2+ 0.0036T  305T-3E -406T-= 1E  vp (16)

vii. Equations to calculate the properties of sea water and 

moist air [17] 

Specific heat of sea water 

 

 

32 DTCTBTAc psw   (17)

 

Where 

 

242 10*04.410*76.9328.5 SSA     

2643 10*15.310*351.710*913.6 SSB    

2966 10*23.810*927.110*6.9 SSC    

21299 10*125.710*666.110*5.2 SSD    

Enthalpy of moist air 

 

 

va hhh   

 

(18)

 Kj/Kgk 9.12501 TTch pa    (19)

 

3.7  Validation of current model with previous study  

In order to verify the results of current model, the 
system performance (GOR) is validated with the 
experimental results obtained from Zubair et al. [1]. It is 
discovered that the greatest deviation between the 
proposed model and alluded framework is around 16%. 
Since the present model is meant to decrease the 
monetary expense of the HDH desalination framework, 
external means like heat pump, desiccant layers, heat 
exchangers etc. are not utilized that affects the efficiency 
of the system to a larger extent. Therefore, the reliability 
of the proposed water heated COAW HDH desalination 
system is verified. 

 
 
 
 

 

- 13 -



EVERGREEN Joint Journal of Novel Carbon Resource Sciences & Green Asia Strategy, Vol. 06, Issue 01, pp.09-17, March 2019 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.6: Validation with experimental study 

 
4.  Results and discussion 

To break down the effect of mass flow rate of air on 
Gained Output Ratio (GOR) at various temperatures of 
inlet air, a set of value is executed in the ‘C’ program. 
Fig.7 shows that the optimum efficiency of GOR and 
mass flow rate of air, obtained at 280C which is around 
0.015 and 28 Kg/min respectively. It also infers that 
higher efficiency can be obtained at minimum 
temperature (< 280C) itself instead of using higher 
temperatures. The ascent in mass stream rate of air and 
decline in the temperature of channel air prompted a high 
GOR. 
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Fig.7: Impact of mass flow rate of air on Gained Output 
Ratio 

 
Fig. 8 shows the significant yield of fresh water 

production on mass flow rate of air at peculiar heat 
inputs ranging from 15 Kw to 25 Kw. It is observed that 

more fresh water output of 0.32 Kg/min is obtained at a 
heat load of 15 Kw and 30 Kg/min mass flow rate. It 
proves that high desalination rate can be achieved at low 
heat inputs and high mass flow rate of air which also 
reveals that increasing stream flow rate raises the 
distillate flow rate. For the purpose of validation with 
Zubair et al., a small range of heat load from 1 to 6 KW 
is given as input where it contributed a maximum GOR 
of 0.349. 
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Fig.8: Significance of mass flow rate of air on Fresh 
water production 
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Fig.9: Effect of mass flow rate of sea water on  
Recovery Ratio and air flow rate 

 
High Recovery Ratio is needed for obtaining a cheaper 

and more economic desalination system. The 
impingement of Recovery Ratio on the mass flow rate of 
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sea water at different air flow rates is indicated in Fig.9. 
It interprets that Recovery Ratio decreases on increasing 
the flow rate of seawater. Since the concentration of 
water vapor in air and water-air layer is high, the 
Recovery Ratio reduced while mass flow rate of air is 
increased.  On the other hand, with high air flow rate of 
35 Kg/min an excellent Recovery Ratio of 0.014 is 
attained at a less mass flow rate of sea water of 20 
Kg/min. 
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Fig.10: Effect of mass flow rate of water on Recovery 
Ratio and Heat loads 

 
Fig.10 shows the maximum yield of the recovery 

factor for mass flow of water at various thermal loads. 
He confirms that with a high thermal load of 25 kW can 
lead to a recovery ratio of 0.33 at a very low mass flow 
rate of 20 kg / min. The capacity to vaporize fresh water 
from saline water is dependent on various heat sources 
like Photovoltaic panels, solar thermal etc, are not 
utilized which affected the RR of the system to decrease 
constantly. This also justifies the reduction in the 
recovery factor when the mass flow of water increases. 
Increasing the heat load of the heater with a constant 
mass flow of sea water to the system will increase the 
efficiency of air humidification, which will lead to high 
freshwater productivity. Therefore, because of the high 
heat load, there is an increase in the amount of water 
evaporated per kilogram of input water, since the 
recovery factor increases with increasing heat input. 

 
5.  Conclusion  

The theoretical study carried out by applying 
thermodynamic principles on the HDH system reveals 
that: 
 The increased mass air flow increases the GOR 

efficiency and the production of fresh water at a 
reduced inlet temperature and lower heat load of 

the proposed Humidification dehumidification 
system. 

 Increasing the consumption of sea water reduces 
the Recovery Ratio of the HDH system with 
increasing airflow and heat load. 

 The economic cost of the proposed system is very 
low as no external sources are used as such the 
performance of the system is also in a lower 
range. 
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Nomenclature 

Ta,1        Temperature of dehumidified air entering to 

the humidifier (ºc) 

Ta,2        Temperature of humidified air at the outlet 

of the humidifier (ºc) 

Tsw,1 Temperature of sea water entering to the 

dehumidifier (ºc) 

Tsw,2 Temperature of sea water leaving the 

dehumidifier (ºc) 

Tsw,3     Temperature of sea water entering to the 

humidifier (ºc) 

Tb   Temperature of brine coming out of the 

humidifier (ºc) 

pv Saturation pressure of water vapor present 

in the air (KN m-2 ) 

pt Atmospheric pressure (KN/m2) 

Cpsw Specific heat of sea water (KJ/kg.K) 

msw Mass flow rate of sea water (kg/min) 

mda Mass flow rate of dry air (kg/min) 

mb Mass of brine (Kg/min) 

ωa,1 Humidity ratio of the inlet air  

ωa,2 Humidity ratio of the outlet air  

ϕ1 Relative humidity of the inlet air  

S Salinity of sea water (mg/l) 

ha Enthalpy of air (KJ/Kg) 

CAOW Closed Air Open Water Cycle 

GOR Gained Output Ratio 

RR Recovery Ratio 

HDH Humidification Dehumidification 
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