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Abstract: The water deficit for consumption in various daily activities is more 

pronounced especially in countries where rainfall is low or in those areas where water 

demand is higher than available resources. This paper is a comparison between the 

airgap and water-gap distillation method. The results of the study have shown that the 

water-based distillation method can be more efficient, as the volume of permeate 

obtained is higher in relation to the increase in the flow temperature.The results 

obtained as well as the comparison of the advantages related to the two membrane 

distillation processes will be presented in the present paper. 
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1. INTRODUCTION 

 

Until nowadays, the classical purification methods encountered at the treatment plants have shown a certain 

yield, depending on the wastewater contents. Over time, the build-up of pollutants that have reached sewer 

networks and, ultimately, wastewater treatment plants have begun to put the purification processes into difficulty 

[1-3]. 

 

Thus, purification methods such as flocculation, coagulation, precipitation or mechanical methods: decanting, 

filtering with simple filters, etc., cannot cope with the increase in the concentrations of organic and inorganic 

matter in the wastewater [4]. 

 

If wastewater treatment plants have low capacities to engage and the population of wastewater cities is growing, 

urgent implementation of filtering methods and techniques that are effective in terms of procurement and cost 

recovery is needed. After the first purification steps are carried out, prefilters and filtrations can be applied to 

retain larger particles [3, 4], then an ideal and viable solution that is part of modern depollution technology is the 

technological membrane [5]. 
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This paper includes a study on the use of organic distillation membranes in order to retain salt from sea water. 

Some of the most important methods by which the salt can be retained on membranes are: air-gap distillation 

(AGMD), direct contact distillation, vacuum distillation and WGMD [6]. 

The paper presents the difference between the efficiency of two of the before mentioned methods, namely 

AGMD and WGMD, in terms of both the volume of water produced by distillation and other advantages 

provided by each method. The water-desalination method is called WGMD (water gap membrane distilation) 

and the air gap membrane distilation is AGMD (air gap membrane distillation) method. 

 

Molecular water can pass through the membranes only as vapor, but the membranes must be hydrophobic, 

porous, and water vapor is water of very high purity, the separation process being driven by the difference in 

cold and hot vapor pressure from both sides of the membrane configuration and the obtained permeate increases 

with increasing transmembrane pressure [7-13]. 

 

Hitsov et al. [14] found in the experiments that the air layer distillation method is more advantageous than direct 

contact (DCMD): an important aspect refers to the energy that changes in the membrane module, part of it is lost 

by evaporation and the other as sensitive energy, when the supply liquid is distributed in the circuit (Figure 1) 

[14]. 

 

 
Fig. 1. The mass transfer balance for each section [14]: 

Te - the evaporation of temperature; Cp - specific heat capacity; Mw - molecular weight; N - flow of membrane 

fluid; A - membrane surface; h - local transfer factor. 

 

The indices e, c, m and i represent the evaporation channel, cooling channel, membrane and section number. 

If the energy of the module is limited only by the input energy, then the air-layer distillation method (AGMD) is 

more advantageous because the losses are much lower due to low thermal conductivity. In this case, the flow of 

permeate is higher and this is noticeably important for large-scale applications [14]. 

 

Abdullah Alkhudhiri and his collaborators [15] have used three hydrophobic PTFE membranes (due to high 

chemical resistance to chemical contact) with pore sizes of 0.2, 0.45 and 1 μm, respectively, in the AGMD 

configuration (Figure 2) [14]. A thermal resistance was used to heat the supply liquid, being isolated to avoid 

heat loss. The flow of the liquid was kept at 50 ° C, being 1.5 L / min. A cold bath maintained cold water at the 

desired temperature (required for the condensation process) and 10 ° C at a flow rate of 8.5 L / min [15]. 

 

Figure 2 represents the scheme of the desalination plant used in this study and consists of the following: the feed 

tank, the heater, the heat resistance of the liquid heating, the thermocouple, the peristaltic pump, the flowmeter, 

the pressure gauge, the membrane module, the chiller (necessary for distillation). 

 

PTFE membranes, used in the study presented by Abdullah Alkhudhiri and his collaborators [15], have shown a 

decrease in permeate flow with increasing salt concentration in the feed water. This leads to the foulling of the 
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membrane pores due to the polarization of temperature, viscosity and the change of the layer of matter deposited 

on the surface of the membrane [15]. 

 

 
 

Fig. 2. Diagram of the AGMD configuration presented in this study [15]. 

 

 

Another conclusion from this study is another disadvantage of the AGMD configuration: energy consumption 

increased with the increase in salt concentration, which leads to an increase in the boiling point [15]. Another 

study was conducted by A.S. Alsaadi [16], which presented a solution to solve the permeate flux decline 

mentioned in Abdullah Alkhudhiri's paper [15]: use of the multistage AGMD configuration. In this case, each 

stage has 18-24 stages, placed in series in order to maintain the same pressure on each step [16]. 

 

In the AGMD configuration, the air layer of thickness between 2 and 10 mm provides the required space for 

condensation between the membrane and the condensate surface. The transfer resistance of the process is given 

in this case by the non-condensable gases that appear in this layer and the vapors resulting from the hot part of 

the membrane module must pass through both the air layer and the membrane pores and eventually turn into 

water, at the cold surface level [16-20]. 

 

 

 
 

Fig. 3. Strength of mass transfer at the passage of fluid through the vertical configuration of the module [16]. 

 

Figure 3 shows a part of the membrane module where the three resistances are found: the membrane resistance 

which must provide for the most dense time of ultrafiltration, the strength of the gap where the best conditions 

favorable to the condensation process must be ensured, respectively the condensation resistance, depending on 

the temperature of the cold and hot liquids. Researchers like M. Essalhi and M. Khayet [20] used a hydrophilic 

membrane to desalinate, but instead used the water layer instead of the air layer. They found that the flow of 
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permeate increased as a result of reducing heat loss by 6.6%. The study of these researchers has shown that 

WGMD desalination of water is more efficient both in terms of energy consumption and increased permeate 

flow due to the filling of the space between the cold and the hot water phase [20]. 

 

 

2. EXPERIMENTAL METHOD FOR THE USE OF WGMD AND AGMD CONFIGURATIONS IN 

DESALINATION 

 

2.1. Desalination using the air and water-layering method 

Regardless of configuration, Atia E. Khalifa [21] conducted a detailed study on desalination. It compared the 

results obtained by the two methods (AGMD and WGMD). The membrane module components were the same 

in both cases, only the interface of the module being changed so that the permeate collection is made from the 

top of the module (WGMD) and its bottom (when the configuration used is AGMD). Figure 4 shows the 

membrane module, exploded as a whole, and in Figure 5, the assembly of the membrane components required in 

the study by Atia E. Khalifa [21]. 

 

 
Fig. 4. Exploded view of membrane module components [20]. 

 

The components of the membrane module are shown in Figure 4. Each assembled element must be preceded by 

a rubber layer to avoid wear on both the membrane and the plastic parts due to long-term operation and high 

temperature. The metal frame is represented by the outer parts of the module because they are most often subject 

to mechanical action. 

 

 
Fig. 5. Overall view of the module used in this study [20]. 
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2.2. Experimental research methodology for desalination using the two configurations 

Using a hydrophobic membrane with an effective work area of 0.00724 m2, Atia E. Khalifa [21] conducted a 

study to see under what conditions and what parameters established that the water-desalination method is more 

efficient than the method with air layer (AGMD). It used a metal plate for the condensation process when the hot 

liquid in contact with the metal plate turns into vapor.  

 

Through the thickness of the gaskets, the thickness of the module layer was determined. All components have 

been screwed together to avoid water leakage. When the hot water reaches the metal plate, it turns into drops of 

water (permeate) collected from the top or bottom, depending on the configuration [21]. 

 

The desalination process is fully controlled so that 4 thermocouples are mounted at the input mode and the flow 

of liquid is measured by flowmeters. The supply of cold water and hot water is done by keeping the desired 

temperatures by means of a thermal resistance, respectively a cooling bath [15]. 

 

In the case of this type of membrane, the main advantage is that the diaphragm module can be easily 

manipulated, being supported only on a metal frame, without the difficulty in running the process. The 

membrane type used by Atia E. Khalifa [21] is PTFE with a porosity of 80%, a pore size of 0.45 μm and a 

membrane thickness of 0.15 mm at a contact angle of 140 °. The flow rate determined the hot and cold water 

inlet pressure, around 0-0.3 bar [21]. 

 

Determination of efficiency for the two types of configurations used was given by the following parameters: feed 

temperatures, cold and hot water flow, concentration of the feed water, thickness of the air or water layer, 

composition of the support plate. At the same time, the temperature difference of the water or air layer was 

investigated, as this cannot be the same for the water and air layer [21]. 

 

 

3. RESULTS AND DISCUSSIONS 

 

3.1. The influence of the supply temperature for the two configurations (AGMD and WGMD) 

Atia E. Khalifa tested the module first through AGMD configuration. The temperature range varied between 50-

80 °C and the parameters on which it was based were: the width of the air layer, the width of the water layer, the 

feed rate, the salt concentration in the feed, the feed rates [21]. Figure 6 shows the results obtained for the 

volume of permeate for the two types of configurations. 

 

 
 

Fig. 6. The quantity of permeate depending on the feed liquid temperature for AGMD and WGMD [21]. 

 

The higher permeate volume is obtained in the case of water-gap distillation (WGMD). This can be explained by 

the fact that the temperature of the water layer is much more stable than the water layer, and this leads to the 

constant maintenance of the same thermal gradient and the condensation process, without pulsations, is done 

continuously and the collected water after vapors, increases the volume of the permeate in the end. 
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With increasing temperature, the collected permeate flow increases exponentially. This is particularly noticeable 

in the WGMD configuration, since the permeate value at 90 °C at feed rate exceeds 70 kg / m2 / h, and in the 

AGMD configuration the flow barely reaches 40-45 kg/m2/h at the same temperature, as M. Essalhi and M. 

Khayet pointed out in the study, comparing the two types of configurations [20]. 

 

In the field of membrane distillation, the type and properties of the membrane play the most important role, so in 

the Essalhi and M. Khayet study, the permeate flow was improved by about 6.5% for the WGMD configuration 

[20]. 

 

Using the same membrane configuration, Francis et al reported an increase in vapor flow of up to 800% at 

different feed temperatures (40-80 °C) [22]. The pores of the membranes used by Francis had dimensions 

between 0.24-0.25 μm and the contact angle of 160 and 140 ° [22]. 

 

3.2. The permeate flow obtained, relative to the feed rate for the two configurations 

At 70 °C and at a concentration of 145 mg / L in the feed solution, Atia E. Khalifa [21] varied the flow rate 

between 1 and 6 L / min. It obtained a nearly double volume of permeate volume at the WGMD configuration 

than at AGMD (Figure 7). 

 

 
Fig. 7. Increase of permeate volume by feed rate [21]. 

 

With the increase of the feed rate, an increase in the volume of permeate is recorded, because in this context the 

pressure which leads to the forced distillation process increases. This is particularly noticeable in the WGMD 

(Figure 7, colored blue), where the flow of permeate can reach 45 L / m2 / h. For air-to-air distillation (AGMD), 

the permeate flow can be reduced by half, regardless of the volume of liquid from the feed. 

 

3.3. Effect of cooling water flow on permeate volume 

The cooling water temperature in this study was maintained at 24 °C and the hot water temperature at 80 °C. At 

the same concentration of 145 mg/L but with a feed rate of 1.5 L/min, Atia E. Khalifa [21] obtained the 

following permeate volume results for both membrane configurations, as shown in Figure 8. 

 

In Figure 8, it is clear mentioned that the membrane efficiency is greater for water-gap distillation (WGMD), 

irrespective of the feed liquid is cold or hot water. Here it can be concluded that the properties of the water in the 

intermembrane layer are different from those of the air, and in the field of membrane distillation, these properties 

make a significant difference between the desalination methods used in the process. 
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Fig. 8. Flow of permeate according to the cold water supply flow [17]. 

 

3.4. The influence of the salt concentration in the supply water on both configurations 

In the study, Atia E. Khalifa used different salt concentrations, from 0 to 60 mg/L of NaCl, varying two feed 

water temperatures, respectively 70 and 80 °C. The flow rate was different, so cold water entering the module 

recorded 1.5 L/min and the cold water flow, 2 L/min. It found a permeation decline due to the polarization 

phenomenon of the concentration [21]. Thus, at the concentration of 60 g/L of NaCl, in the case of the WGMD 

configuration and at 70 °C, the flow decreased, reaching a value of 25 kg/m2/h, respectively decreasing by 

almost 42% (Figure 9a). 

 

     

 
 

Fig. 9. a) and b): Influence of the feed concentration at 70 and 80 ° C on the permeate flow; c): the salt 

rejection factor by the membrane [21]. 
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In the AGMD configuration, although the flow of permeate was lower than in the other configuration, it 

decreased by almost 58%. The situation is different at 80 °C (Figure 9b): the percentage of decrease of permeate 

flow for both configurations decreases significantly.  

 

This demonstrates that in order to obtain as much permeate as possible, a high temperature is the best solution 

especially when the salt concentration in the feed water is high. These results lead to the conclusion that salt 

rejection reached 99.98% (Figure 9c), which means that this type of membrane is not only resistant to high 

temperatures but retains almost all the salt, regardless of the concentration introduced into the supply water [21]. 

 

The feed concentration largely influences the decrease or increase of permeate flow. This is also evident in 

figure 9 where, with increasing feed concentration, the flow decreases. However, increasing the temperature 

from 70 ° C to 80 ° C causes the flow of permeate to rise to 52-53 L / m2 / h in the case of WGMD distillation. 

And the salt rejection factor shows a performance for the distillation membrane by the water layer method, 

reaching a value slightly below 100%. 

 

3.5. Effect of the water / air layer width inside the membrane module 

Francis et al. Have specified that the flow of permeate increases with increasing the width of the water or air 

layer [22].  

 

The results obtained by Atia E. Khalifa [21] disputed Francis' s words [22] because Atia E. Khalifa achieved 

clear results, which affirms and demonstrates that an increase in the space between the components of the 

membrane module and the increase of the gasket thickness, especially at high temperatures , lead to a decrease in 

flow of permeate. The latter obtained a clear hypothesis that in the AGMD configuration, the permeate flux 

drops almost doubled than in the other configuration when the thickness of the layer doubles (from 4 to 8 mm) 

(Figure 10) [21]. 

 

 
Fig. 10. Influence of air and water layer thickness according to supply temperature for WGMD and AGMD [21]. 

 

Decreasing the flow of permeate due to the increase of the thickness of the space in the module (irrespective of 

the water or air layer) can be explained in the following way: during the distillation process, throughout its 

duration, if the intermebranaire space increases, there can be many changes temperature which may disrupt the 

deployment under the best conditions. In other words, it is thermal transfer between cold and hot liquids. 

 

3.6. Influence of membrane support material 

The study presented by Atia E. Khalifa considered the influence of the membrane support material on the 

permeate flow obtained. In other words, a comparison was made between the permeate obtained when the 

support plate was PVC and when it was replaced with one of the brass. 

 

 At the 4 and 8 mm thickness of the air and water layer, a feed rate of 1.5 L / min was used, the temperature 

varied between 50 and 90 ° C. The results obtained are presented in Figure 11 [17]. 
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Fig. 11. Influence of membrane support plate material on permeate [21]. 

 

Figure 11 demonstrates that the use of brass plate is more efficient, since in this case the volume of permeate 

increases, regardless of the thickness of the layer. This is visible in both configurations. 

 

3.7. Air / water layer temperature for WGMD and AGMD configurations 

In response to the different inlet flow temperature, the temperature between the cold and the hot part of the 

inside of the module was monitored by means of thermocouples. At an input rate of 1.5 L/min and 145 mg/L, the 

emphasis was on recording the temperature at two thicknesses of the space, namely 4 and 8 mm [21]. 

 

It has been found that at temperatures lower than 60 °C in the feed, the room temperature for both configurations 

is the same, both at the 4 mm and 8 mm gap thicknesses. At room temperature above 60 ° C, in the case of 

WGMD, the room temperature drops slightly (by 2-3 °C) (Figure 12), when the space thickness was 4 mm but 

with the increase in the thickness of the room, temperature increases (only in the WGMD case).  

 

The conclusion here is that with the increase of the feed temperature, respectively the increase of the thickness of 

the space decreases the temperature of the water space and decreases and the permeate flow, which means the 

mass transfer potential due to the increase of the temperature gradient on the sides of the membrane [21]. 

 

As stated in point 3.6. regarding the influence of the material of the membrane support plate, the material from 

which the plate is made has a certain influence on the final product, respectively on the permeate. In other words, 

at 90 °C, for PVC, the air space temperature (AGMD) reaches 67 °C. 
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Fig. 12. Temperature variation of the space in the mode according to the supply temperature [21]. 

 

 

In the case of the brass plate, the room temperature was reduced by up to 6 °C under the same conditions, 

demonstrating once again that the temperature of the space between the components of the membrane module 

decreases in the case of WGMD (Figure 13) [21]. 

 

 

   
 

Fig. 13. Variation of air and water space temperature at 8 mm thickness using brass and PVC plate [21]. 

 

 

4. CONCLUSIONS 

 

The study by Atia E. Khalifa took into account the comparison between seawater desalination by the air-bed 

distillation method and water layer. He wanted to prove by which of these two methods, the PTFE membrane is 

more efficient in terms of volume permeate, energy consumption, etc. 

 

Experimenting the membrane under the same conditions, he watched the influence of the temperature in the 

incoming fluid on the space between the components of the membrane module, following the temperature of this 

space varies for both water and air space. At the same time, Atia E. Khalifa watched the influence of the cold 

and hot water flow, the structure of the membrane support material. 

 

Following experiments with the same type of membrane, under the same working conditions for both types of 

configurations, the results obtained clearly established that the WGMD (water-layer distillation membrane) 

method is more effective, not only because of the increase in the volume permeate. Another reason is that salt 

can be retained at 99.98% and, as stated in this study, doubling the thickness of space between membrane 
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components almost doubles the volume of permeate but also decreases the temperature inside that space. In other 

words, as the author has stated, WGMD distillation is more efficient at lower feeder temperatures [21]. 

 

Also in this experiment, the desalination performance by these methods, regardless of configuration, was also 

given by the material from which the support plate of the membrane support was made, and it was proved that 

the brass is much better than the PVC plate [21]. 

 

As in any study on the use of distillation membranes, as the concentration of the feed solution increases, the flow 

of permeate decreases over time as a result of polarization of the concentration. Atia E. Khalifa found that the 

PTFE membrane had a very high durability and the efficacy demonstrated in the study revealed a high salt 

rejection factor of 99.98%, up to a feed concentration of 60 g/L [21]. 

 

The results obtained from the experiments performed by the above-mentioned authors provide evidence that 

encourages the implementation of strategies for the management and exploitation of membrane technologies 

used on an industrial scale. 

At the same time, the graphs, containing the data recorded during the experiments show and highlight the most 

important parameters through which the PTFE membranes (polytetrafluoroethylene) get the best performances. 

We observe throughout the study that the temperature is somewhat the most important parameter that most of the 

distillation process depends on. 

The temperature depends also on the flow of the permeate obtained, the condensation process also depends, the 

concentration of the solutions in the water supply makes the water viscosity to be lower or higher depending on 

the temperature, etc. 

However, the best results have shown that the membrane used in the water gap membrane distilation (WGMD) 

configuration can be within reach of future water purification strategies that bring benefits both from the 

economic point of view and on the environmental side. 
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