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ABSTRACT 
Water is essential for life on Earth. Desalination may help alleviate the water shortage 

problem by transforming saltwater into drinkable water. This study examines a solar-

desalination system that incorporates a humidifier and dehumidifier. This work uses a 

trapezoidal cross-flow heat exchanger as a dehumidifier to provide a novel method of 

quantifying solar humidification dehumidification (HDH) desalination. The proposed 

technique for dehumidification involves utilizing a trapezoidal unmixed cross-flow to 

enhance the condensation rate of distilled water. The number of internal trapezoidal paths, 

hot air flow rate, feed water flow rate, and the dehumidifier cooling technique were 

studied experimentally. According to the results, more internal trapezoidal paths improve 

productivity due to increased condensation surface area during natural cooling. 

Furthermore, the use of forced external cooling to increase the condensation rate is also 

investigated. However, the suggested system can produce about 32.6 kg of distilled water 

daily, and one liter of distilled water costs 0.0041$. 

Keywords: Cross-flow, Trapezoidal Heat Exchanger, Pneumatic Sprayer, 

Dehumidifier, Solar HDH. 

 

 

1. INTRODUCTION 

Desalinization of saltwater and turbid water is a goal 

for many countries that lack adequate fresh water 

supplies for human usage. There is a wide variety of 

desalination methodologies, including solar methods [1–

3], multi-stage flash methods [4–6], membrane 

distillation [7–9], solar still approaches [10–13], and 

humidification-dehumidification (HDH) methods [14–

16]. HDH desalination has efficiently transformed 

brackish and saltwater into drinkable water at low capital 

and operational costs, making it a viable option for use in 

coastal, desert, and remote areas [17–19].  

Many inventions and techniques go into the 

construction of HDH systems for desalination [20,21], 

such as water heaters [22,23], air heaters [24], 

humidifiers  [25,26], and dehumidifiers [27,28]. Much 

research has been dedicated to humidifiers, and even 

more studies have been devoted to new and inventive 

humidifiers [29,30], but in practice, all researched 

humidifiers will do the job. Dehumidifiers remain the 

primary worry restricting freshwater supplies, 

considering the increasing usage of humidification and 

dehumidification techniques. 

Thermodynamics investigation of a solar HDH 

purification unit using fogging approach 

dehumidification has been examined [31]. Fresh water 

was pumped into the dehumidifier unit through a series 

of fogging nozzles to improve the condensation rate of 

distilled water. According to the investigation, the 

average production rate was around 1.70 kg per hour. 

However, after heating the input feedwater to 80 
0
C, the 

flow rate rose to 3.80 kg/hr. Also, investigating an HDH 

unit employing a closed-loop pulsating heat pipe CLPHP 

dehumidifier has been studied experimentally [32]. 

CLPHP is utilized to preheat and pre-humidify the air 

before entering the humidifier and exiting it from the 

dehumidifier. The impact of radiation and air mass flow 

rate on unit performance was studied. When the air mass 

flow was raised from 0.002 to 0.005 kg/s, the 
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productivity was enhanced from 0.22 to 0.52 kg/hr at 

0.012 $/L. 

On the other hand, solar-powered natural vacuum 

desalination systems in Asia have been challenged to 

estimate productivity and economy via water-filling and 

air-releasing [33]. The system's yearly freshwater output, 

efficiency, and freshwater cost were analyzed for six 

Asian cities. Chennai had the highest annual freshwater 

productivity at 30.86 t/yr, Jizan had the lowest freshwater 

cost at 5.31 $/t, whereas Muscat had the best thermal 

efficiency at 79.41% and the highest efficiency at 

76.96%. Additionally, desalination systems that use 

ground heat exchangers to create hydrogen and potable 

water have been investigated [34]. The effects of solar 

radiation, mass flow, and soil temperature on PV-thermal 

panel output, efficiency, and water supply have all been 

analyzed. Solar radiation, soil hydrogen, fresh water, and 

acquired output ratios influenced system performance. 

The productivity ranged from 0.08 to 0.16 kg/h with a 

GOR of 0.1 to 0.5. The simulation of a water-cooled 

dehumidifier for an HDH desalination plant was 

considered [35]. A water-cooled condenser was 

employed to maximize the amount of usable freshwater 

produced in the smallest possible footprint. The outcome 

shows that using a condenser heat exchanger has 3.32 

L/h of freshwater productivity. 

The HDH desalination system with a dual-stage 

dehumidifier was tested [36]. The heat pump transfers 

heat from the second-stage dehumidifier to the seawater. 

The productivity was analyzed as a function of ocean 

temperature, air temperature, and airflow rate. According 

to the findings, the system's maximum production was 

22.26 L/h at 0.051 $/L. Furthermore, HDH thermal 

design was experimentally investigated. [37]. Four 

polypropylene plates and tubes were tested as 

dehumidifiers. The results indicated that a daily output of 

700 liters was possible from the system. 

Humidification, dehumidification, and desalination 

systems have also been the subject of theoretical and 

experimental research [38]. Fifteen different kinds of 

packaging were analyzed using Scilab. The results show 

that a high surface-to-volume ratio and a small diameter 

characterize the optimal packing material. Those results 

align with experimental testing conducted at a pall ring 

with a 25-millimeter-diameter metal packing.  

Researching how fog affects high-drainage-area 

(HDH) and desalination systems [39]. The study 

investigated the influence of droplet dimensions on 

entropy generation by using a conventional jet nozzle and 

two fogging nozzles that generated droplets measuring 20 

and 30 microns, respectively. The creation of specific 

entropy was reduced by a more significant margin using 

a 20-micron nozzle instead of a 30-micron nozzle. 

Maximum water output (0.85 L/h) and GOR (3.4) were 

accomplished at a mass flow rate ratio of 0.78. There was 

also an effort to optimize cycles via irreversibility 

analysis. It was shown that reducing the process's unique 

entropy production might increase the acquired output 

(GOR) ratio. An alternate mechanistic model was 

proposed by [40]. The findings demonstrated that 

expanding the packing's specific area increased the 

recovery ratio by 16%, resulting in even more impressive 

freshwater water production. 

Recirculation of brine in the HDH unit was examined 

[41]. The humidifier made use of packing fill and 

sprayed water. The exit temperature and feed salinity 

were measured. A higher salinity in the feed water was 

observed to result in less water being produced. Low-

density (HD) hybrids (HDH) have been studied [43] for 

their potential to harness electricity from low-quality 

sources. Humidifier, dehumidifier intake air, feed 

temperature, and mass flow rate were analyzed for their 

effects on performance. The research concluded that the 

water productivity was around 1.398 kg/h. 

This work proposed an unmixed trapezoidal cross-flow 

heat exchanger as a novel dehumidification technology. 

Therefore, this research examines the performance of a 

solar-HDH unit equipped with an unmixed trapezoidal 

cross-flow heat exchanger with a multi-trapezoidal pass 

in a controlled laboratory environment. Increased 

condensation area is achieved using a multi-trapezoidal 

pass dehumidifier. The dehumidifier has much surface 

area, allowing the humid air to condense efficiently. This 

study investigates the number of internal trapezoidal 

paths, hot air flow rate, feed water flow rate, and the 

dehumidifier cooling technique. 

2. EXPERIMENTAL SETUP AND 

METHODOLOGY  

The experimental apparatus utilized in the present 

study was employed to construct a desalination system 

for seawater, as illustrated in Fig. 1. A series of 

experiments were conducted daily in Suez, Egypt,  

starting at 8:00 am and ending at 5:00 pm (29.9668 
o
N 

32.5498 
o
E). The current investigation comprises four 

fundamental elements: the humidifier, solar hot water 

cycle, solar hot air cycle, and dehumidifier.  

 

 

Figure 1: The experimental setup as photographed. 
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2.1 Feed Water Cycle 

The feed water cycle comprises interconnected 

components, including an evacuated solar collector, gate 

valve, water flow meter, and pipeline. Utilizing solar 

radiation to warm salt water within an evacuated solar 

collector is employed. The apparatus comprises a 

receiver having a volume of 200 L and 20 evacuated 

tubes. The tubes have a length of 2.10 cm, an internal 

bore of 0.047 m, and an external bore of 0.058 m. In 

Suez, Egypt, the evacuated sun collector is tilted at an 

inclination of almost 25 degrees. The pipeline is 

constructed from polypropene material with a melting 

point of 160 ℃. The gate valve was employed to control 

the hot water flow rate. 

2.2 Feed Air Cycle 

Utilizing solar radiation to warm the air before its 

introduction into the humidifier to enhance the 

vaporization rate is commonly known as the solar hot air 

cycle. The solar air cycle comprises four fundamental 

components. (pipeline, dual blowers, and dual solar air 

heaters). The fabrication of solar air heaters involves the 

utilization of galvanized steel. The collector is 120 

centimeters in length, 70 centimeters in breadth, 10 

centimeters in height, and 0.001 millimeters in thickness. 

The collector is inclined at an angle of 25 degrees and 

features an upper glass surface with a thickness of 5 cm. 

2.3 Humidification Section 

The humidification section permits humidified to the 

desalination system. It's the central processing unit for 

the proposed approach. The using of a pneumatic sprayer 

provides considerable moisture to hot air. Fig. 2 shows 

the pneumatic humidifier attached to the humidification 

section. The humidification section, 0.60 m wide by 0.60 

m high, comprises 0.001 m galvanized steel sheets. Also, 

the humidification front section is transparent, allowing 

for monitoring. The humidifier's surface was insulated 

with 0.05 m glass wool to reduce losses. A pneumatic 

sprayer humidifies by atomizing hot water with 

compressed air. Pressured air impinges on the water to 

create small hot water splashes. The pneumatic nozzle 

diameter was selected to be 0.0010 m. 

 

2.4 Dehumidification Section 

The dehumidifier consists of multi-trapezoidal 

channels cross flow heat exchanger to concentrate the 

water vapor to condensate on the heat exchanger surface. 

Fig. 3 shows a photograph of the dehumidification 

section. Humid air streams via the inner channels while 

the ambient air flow naturally/forced through the outside 

perpendicular channels. The inside channels have a 

trapezoidal shape to collect the distilled water at the 

bottom of the trapezoidal channels. The dehumidifier's 

physical measurements are 0.60×0.80×0.60 m, and it is 

fabricated using galvanized steel sheets with a thickness 

of 0.005 m. The trapezoidal cross-flow heat exchanger is 

studied with the natural ambient flow at different channel 

numbers. Also, it is investigated using forced air flow via 

an electrical fan with varying air velocities. 

 

Figure 3: Photograph of the dehumidification section. 

2.5 Measurements 

The experimental setup was employed to examine 

various parameters to enhance the existing system's 

efficiency. The temperatures of the hot saline water, hot 

air, and humid air were considered before and after the 

humidification section. Further, the flow rates for air and 

warm seawater mass were computed. Furthermore, solar 

irradiance and the accessibility of potable water are 

documented. Table (1) presents the locations where the 

measurements were taken. Further, Table (2) shows a 

comprehensive overview of the measuring instruments 

and their corresponding levels of precision. 

 

 

 

Figure 2: Photograph of the humidification section. 
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Table 1. Measurements positions in the proposed 

installation. 

Item  Position 

Radiation Ambient  

Productivity After the dehumidifier 

Water flow rate Before the humidifier 

Air velocity Before the humidifier 

T
e
m

p
e
ra

tu
r
e 

In the hot water storage tank  

Before the humidifier 

After the humidifier 

Before the solar air collectors 

After the solar air collectors 

In the humidifier shell 

Before the dehumidifier  

In the dehumidifier  

Distilled water  

On the dehumidifier's outer surface  

H
u

m
id

it
y
 

 

Before the solar air collectors 

After the solar air collectors 

In the humidifier shell 

After the dehumidifier 

Between dehumidifier and humidifier 

Table 2. Measurements Specifications. 
Item Device Model Range Item 

Production 
Graduated 
cylinder 

Graduated 
cylinder 

0:1000 mm ± 10 mm3 

Solar 

Energy 
Solar Meter TM-207 0:2kW.m-2 ±10 W.m-2 

Relative 
humidity 

Humidity 
meter 

Brannan 0:100 % ± 1% 

Air velocity Anemometer GM8908 0:3 m.s-1 ±0.05 m.s-1 

Temperature 

sensor 
Thermocouple K type -270:1372℃ ± 1% 

Flow rate 
Digital flow 

meter 
FS300A 1:60L.min-1 ± 3% 

3. UNCERTAINTY INVESTIGATION  

The standard margin of error is calculated using the 

following formula to evaluate the accuracy of the 

instruments [42]: 

  
 

√ 
 

        (1) 

The letter "U" denotes the standard measurement 

uncertainty, while the symbol "α" represents the 

instrument's accuracy. Table 3 displays both scenarios' 

measurement range, accuracy, and expected legal 

uncertainty. 

Table 3. The measurement system's standard uncertainties. 
Measuring device Rang Accuracy Standard 

Uncertainty 

Tachometer 0:9999 rpm 0.04% ± 2         

Solar Meter 0:2 kW/m2 ± 10       

Humidity meter 0:100% ± 1%         

Anemometer 0:30 m/s ± 0.05        

K-type 
thermocouple 

-270:1372 oC ± 1%         

Flow meter 1:60 L/min ± 3%        

The equations presented below can be utilized to assess 

the level of uncertainty linked with a given outcome [14]. 

 

R=ƒ (Z1, Z2, Z3, .............. Zn) (2) 
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R denotes the investigational outcome, R represents the 

uncertainty in this outcome, and the uncertainties in the 

other variables, Z1, Z2, Z3,..........Zn is characterized by 

          respectively. The estimated uncertainties of 

the experimental result indicate that the uncertainties 

ranged from 0.007424 to 0.210354. 

4. OUTCOMES AND DISCUSSION  

This present study investigates the performance of a 

solar HDH desalination system utilizing a trapezoidal 

heat exchanger as a dehumidifier. The number of internal 

trapezoidal paths, hot air flow rate, feed water flow rate, 

and the dehumidifier cooling method are all investigated. 

4.1 The Influence of the Number of Internal 

Trapezoidal Paths on Freshwater Productivity 

The cross-flow heat exchanger's internal trapezoidal 

paths were studied in the present work at nine values: 

single, double, triple, quadruple, quintuple, hexa, seven, 

octal, and nine paths. Fig. 4 explores the effect of the 

number of cross-flow heat exchanger's internal 

trapezoidal paths on accumulated and hourly water 

productivity. The productivity is influenced by solar 

power, with more excellent productivity rates occurring 

at higher solar power levels (at noon duration). 

Additionally, it was noted that the increased internal 

trapezoidal paths improved productivity on an hourly and 

cumulative basis.  

When using a trapezoidal cross-flow heat exchanger 

dehumidifier with a single internal trapezoidal path, the 

daily accumulated productivity was about  2.5 kg/day. 

And the exit air relative humidity was noted to be more 

than 95%. That is, the dehumidification process was not 

carried out efficiently. Therefore, the dehumidification 

procedure was tested by doubling the number of internal 

trapezoidal paths. 

When using a trapezoidal cross-flow heat exchanger 

dehumidifier with a double, triple, quadruple, quintuple, 

hexa, seven, octal, and nine internal trapezoidal paths, the 

daily accumulated productivity were about  4.7, 6.9, 9.2, 

11.3, 13.7, 16, 18.1, and 19.9 kg/day. The enhancement 

was 88, 180, 270, 350, 440, 540, 620, and 690% with 

double, triple, quadruple, quintuple, hexa, seven, octal, 

and nine internal trapezoidal paths. And the exit air 

relative humidity was about 92, 90, 87, 85, 81, 77, 74, 

and 70 %. One could say that increasing the number of 

internal trapezoidal paths expands the condensation 

surface area and, as a result, enhances freshwater 

productivity.
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Figure 4: The effect of the number of internal trapezoidal 

paths on freshwater productivity. 

4.2 The effect of the humid air flow rate on water 

production 

This study intended to examine the flow rate of humid 

air across six different amounts, specifically 0.065, 

0.082, 0.106, 0.131, 0.164, and 0.187 kg/s. The impact of 

different rates of humid airflow on water generation is 

analyzed in Figure 5. The water desalination rate 

depends on solar radiation, with higher levels of solar 

energy resulting in increased water production rates. (at 

noon duration). Moreover, it has been documented that 

an increase in the rate of humid airflow led to an 

elevation in both the hourly and cumulative water yield.  

The results indicate that an increase in airflow rate is 

associated with a reduction in the output temperature of 

the solar air collector. At midday, an air temperature 

increase is observed at the flat plate solar collector outlet 

across all airflow rates. Furthermore, the augmentation 

of airflow velocity amplifies the heat transfer rate within 

the solar collector, resulting in a reduction of air 

temperature at the outlet of the solar collector. The 

augmentation of solar radiation at noon causes a 

necessary rise in the temperature of sprayed water, 

leading to increased heat transfer rates. This 

phenomenon is ascribed to a rise in entrained water 

vapor, which leads to a subsequent augmentation in the 

temperature of the air that is discharged from the 

humidifier. The convective air is mixed with the water 

vapor produced by a pneumatic humidification system. 

As a result, the level of moisture rises. 

A daily accumulated productivity of approximately 

19.9 kg/day was observed using 0.065 kg/s of humid air 

through nine internal trapezoidal paths. Consequently, 

the efficacy of the dehumidification process was 

evaluated by augmenting the velocity of humid air. The 

daily accumulated productivity of humid air with flow 

rates of  0.082, 0.106, 0.131, 0.164, and 0.187 kg/s were 

found to be about 20.9, 21.4, 22.6, 23.5, and 24.4 kg/day, 

respectively. The observed enhancements were 5%, 

7.5%, 13.5%, 18.3%, and 22.5% in sequence, while the 

corresponding flow rates were 0.082, 0.106, 0.131, 

0.164, and 0.187 kg/s. Furthermore, the peak daily 

productivity is achieved when the airflow rate is 0.187 

kg/s, accompanied by a 22.5% proportion. 

4.3 Effect of feed water flowrate on production 

The experimental evaluation of the proposed 

desalination system involved the manipulation of the 

feed water flow rate at six discrete levels, specifically 

0.005, 0.007, 0.009, 0.011, 0.013, and 0.015 kg/s. 

However, the volumetric air flow rate was constant at 

0.187 kilograms per second during the experimental 

trials. Increasing the feedwater flow rate improves the 

contact area between the airflow and the feedwater 

spraying flow, increasing the heat transfer coefficients 

and the mass transferred. The feedwater flow rate affects 

hourly and daily output differently, as shown in Figure 5. 

Daily accumulated productivity of approximately 24.4 

kg/day was observed using 0.005 kg/s of feedwater 

through nine internal trapezoidal paths and 0.187 kg/s of 

humid air. The daily accumulated productivity of 

feedwater with flow rates of 0.005, 0.007, 0.009, 0.011, 

0.013, and 0.015 kg/s were found to be about 25.8, 27.4, 

28, 27.7, and 26.13 kg/day, respectively. The observed 

improvements were 5.6%, 12.2%, 14.6%, 13.4%, and 

6.9%, respectively, with corresponding flow rates of 

0.007, 0.009, 0.011, 0.013, and 0.015 kg/s. Furthermore, 

the peak daily productivity is achieved when the 

feedwater flow rate is 0.011 kg/s, resulting in a 14.6% 

output. 

4.4 Influence of dehumidifier external forced 

convection on freshwater productivity 

The free-convection trapezoidal cross-flow 

dehumidifier cannot effectively cool and condense the 

condensation surfaces when exposed to a significant 

amount of moisture in the air at an increased airflow rate. 

Therefore, there is a necessity to utilize forced air. 

Forced convection is a distinct mode of heat transfer that 

involves the imposition of fluid motion to enhance the 

heat transfer rate. Various methods can induce this 

forcing, including using a fan. 

The proposed desalination system was attached with a 

fan to compare the result of free convection with the 

forced convection results. The external forced airflow 
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speed was tested at 5, 8, 11, 13, and 15 m/s when the air 

and feed water flow rates remained constant at 0.187 

kg/s and 0.011 kg/s throughout the tests. An increase in 

the external airspeed decreases the temperature of the 

dehumidifier surface and enhances the condensation 

process. The influence of the external airspeed on the 

hourly and accumulated productivity is illustrated in 

Figure 7.  

Daily accumulated productivity of approximately 28 

kg/day was observed using natural air convection 

through external trapezoidal paths. The daily 

accumulated productivity of the system with air speeds 

of 5, 8, 11, 13, and 15 m/s was found to be about 29.9, 

30.7, 31.5, 32.1, and 32.6 kg/day, respectively. The 

observed improvements were 6.8%, 9.7%, 12.6%, 

14.8%, and 16.5%, respectively, with air speeds of 5, 8, 

11, 13, and 15 m/s.  

4.5 A comparative analysis of current and past 

outcomes 

This study aims to investigate the water production 

process of a solar-powered desalination system 

employing a trapezoidal cross-flow heat exchanger 

dehumidifier. The investigation involves the analysis of 

the system's productivity under various conditions, with 

varying numbers of internal trapezoidal paths, hot air 

flow rate, feed water flow rate, and the dehumidifier 

cooling method.  

 

 

Figure 5: The impact of varying humid airflow rates on 

fresh water productivity. 

 
Figure 6: The impact of the feedwater flow rate on 

productivity at humid air flowrate of 0.187 kg/s. 

 
Figure 7: The influence of the external airspeed on 

productivity at air and feed water flow rates of  0.187 kg/s 

and 0.011 kg/s. 



 

124 

 

The present study compares the productivity of HDH 

desalination systems concerning different conditions and 

identifies the optimal conditions for achieving the 

highest productivity. The comparative analysis 

encompasses methodologies, output efficiency, and unit 

cost. The findings align with the pattern specified in the 

prior investigation, as indicated in Table 4. Moreover, 

the proposed scheme exhibits a reasonable level of 

freshwater productivity. 

Table 4. Comparing current research to those of the past 

Ref Method Price 

($/L) 

Yield 

(kg) 

[14] HDH - centrifugal Sprayer 0.0106 7.9900 

[25] HDH-thermosyphon 0.0280 6.2750 

[32] HDH-heat pipe 0.0120 8.7000 

[36] HDH with heat pump 0.0510 22.260 

[43] Hybrid HDH-RO desalination 

system 
- 192.00 

[44] Hybrid HDH system 0.0700 17.420 

[45] HDH 0.0981 5.5500 

[46] HDH -PCM 0.0110 6.5200 

[47] SS-HDH 0.0081 6.1500 

Current 

work 

HDH– natural air trapezoidal 

cross-flow dehumidifier 
0.00475 28.10 

Current 

work 

HDH – forced air trapezoidal 

cross-flow dehumidifier 
0.0041 32.60 

5. COST INVESTIGATION  

The computation of the price of distilled water is 

determined by sources [48,49]. Table 5 encompasses the 

capital expenses associated with all system equipment. 

The current system has an approximate retail value of 

1460$. The utilization of mass manufacturing techniques 

may result in a reduction of about 35% in capital costs. 

As a result, the costs associated with freshwater 

productivity are reduced. The expenses linked to 

installing a photovoltaic system to power the air 

compressor and blowers are encompassed within the 

scope of consideration. 

Table 5. The proposed system's initial investment charge. 

Element Charge (US $) 

Photovoltaic arrangement 700 

Evacuated solar collector 400 

Air compressor  200 

Trapezoidal Dehumidifier 60 

Pneumatic nozzle 20 

Blower 30 

Flat plat solar collector 50 

Total Charge 1460 

The estimated electric power necessary to operate two 

blowers and an air compressor is as follows [49]. 

 

 

               ∑   
               

                
      

     
 

(4) 

        

 
             ∑                                   

      
     

                                    
 

(5) 

                           
            

                                    
 

(6) 

Utilizing the PV system can mitigate electricity 

expenses and decrease the cost of freshwater productivity 

from 0.018382163 $/L to 0.004084925$/L. It could be 

hypothesized that this system has a lifespan of 30 years. 

Furthermore, the estimated cost is delineated and 

tabulated in Table 6 across various forced air speeds. 

Table 6. The estimated cost at different forced air speeds. 

Forced air speeds Cost ($/L) using 

photovoltaic  

Price ($/L) using 

electricity 

Natural air 0.004760205 0.021420921 

5 m/s Forced air   0.004455256 0.020048651 

8 m/s Forced air   0.004338563 0.019523532 

11 m/s Forced air   0.004225401 0.019014307 

 13 m/s Forced air  0.004145152 0.018653184 

 15 m/s Forced air  0.004084925 0.018382163 

6. CONCLUSIONS 

This study examines the utilization of Trapezoidal 

Cross-Flow Heat Exchanger Dehumidifier technology, 

integrated with a pneumatic sprayer-based humidifier, 

for solar HDH desalination systems. An experimental 

test rig was utilized to evaluate the performance of water 

production. Inferences that can be made based on the 

results listed above comprise: 

1. One could say that the increase in the number of 

internal trapezoidal paths expands the condensation 

surface area and, as a result, enhances freshwater 

productivity. 

2. Productivity increases by 22.5% when the feed air 

flow rate goes from 0.082 kg/s to 0.187 kg/s. 

3. Increases in feedwater flow rate improve heat 

transfer coefficients by increasing the contact area 

between the airflow and the feedwater spraying 

flow. However, the peak daily freshwater 

productivity was recorded at 0.11 kg/s feedwater 

flow rate. 

4. Using forced air to cool the trapezoidal cross-flow 

heat exchanger enhances productivity by about 

16.5% at an air speed of 15 m/s. 

5. The system under consideration can generate about 

32.6 kilograms of distilled water daily. The unit cost 

of producing one liter of water is 0.0041 dollars. 

 

 

 

 

 

 



 

125 

 

7. ABBREVIATIONS 

Closed-loop pulsating heat pipe CLPHP 

Gain output ratio GOR 

Humidification-dehumidification 

 
HDH 

Photovoltaic PV 

Reverse Osmosis RO 

Phase Change Material PCM  

Solar Still SS 
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