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ABSTRACT 
This study examines the energy and performance of a solar sweeping gas membrane 
distillation (SGMD) unit with different water vapor condensers. The study assesses the 
efficiency of the SGMD system under different water vapor condensation configurations 
using only solar energy. The study examines how water vapor condensation 
configurations affect system productivity, specifically condensed water yield and energy 
efficiency. The study was conducted in the Mecca area on three occasions: winter, 
summer, and day. A new model was created to simulate desalination processes, and the 
research introduced an SGMD unit modeling component to the standard library. The 
measured and predicted permeate flow values were similar, with peak solar radiation 
and maximum ambient temperatures. The study yielded good results, with 5,452 W on 
the latest summer test day and 4,998 W on the latest winter test day. The seawater 
outflow from the SGMD system was 53-21 degrees Celsius. 
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1. INTRODUCTION 
The lack of water is a vital trouble affecting several parts of the world, especially 

in regions with dry or semi-dry climates. Elements like rising population numbers, 
immoderate water consumption, and the ongoing impact of weather change are 
setting enormous pressure on freshwater supplies Ethaib et al. (2022). Shockingly, 
three-quarters of the global populace now live in regions where clean ingesting 
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water is scarce Irki et al. (2020). Renewable power-powered desalination has been 
identified as a transformative answer for addressing this mission. A regular water 
supply is vital for selling public fitness, driving financial advancement, ensuring 
meal safety, lowering poverty, and fostering peace. Adjustments in international 
weather styles have worsened water scarcity in lots of areas. Consistent with 
reports from the United Nations, annual water availability has dropped drastically 
below the important threshold of 1,500 cubic meters in keeping with individual in 
keeping with year Zubaidi et al. (2022). elevated worldwide demand for water has 
similarly exacerbated this difficulty Xu et al. (2024). Additionally, the giant use of 
fossil fuels, mixed with fast urbanization and population boom, has amplified 
environmental challenges, in particular climate exchange, threatening sustainable 
development Olabi & Abdelkareem (2022). This case necessitates a shift towards 
renewable and environmentally friendly power options to sustain societal progress. 

Membrane distillation is rising as a progressive and green era, presenting 
considerable blessings over traditional techniques Lawson & Lloyd (1997). This 
technique is celebrated for its potential to conserve electricity at the same time as 
correctly eliminating debris, salts, and microorganisms. not like traditional 
distillation or reverse osmosis, it operates beneath lower temperature and strain 
situations. Membrane distillation is characterized by minimal chemical interplay 
with the answers being processed G. F. W. S. W. H., & Norman N. L. T. M. (n.d.). This 
thermally pushed procedure separates substances by using a membrane, making it 
especially suitable for applications in which water is the dominant issue of the 
solution. In this system, water vapor passes through the tiny pores of a hydrophobic 
membrane, leaving liquid water at the back. The manner relies on the difference in 
molecular pressure throughout the membrane’s pores, in which one aspect of the 
membrane at once contacts the feed liquid. A superb feature is that the feed solution 
cannot penetrate the membrane until the stress exceeds a specific restriction, called 
the liquid entry stress (LEP) Ren & Wang (2011). 

There are 4 number one configurations of membrane distillation systems: 
direct touch membrane distillation (DCMD), air hole membrane distillation (AGMD), 
sweeping gas membrane distillation (SGMD), and vacuum membrane distillation 
(VMD) Basini et al. (1987). The DCMD layout is known for its straightforward setup 
and minimal equipment desires, making it best for duties like desalinating water or 
concentrating liquid answers consisting of fruit juices. SGMD and VMD are better 
desirable for setting apart risky natural compounds or dissolved gases Walton & 
Solís (n.d.). The AGMD setup, however, gives flexibility and may be utilized in a 
variety of programs. Membranes utilized in these systems are commonly 
microporous and water-repellent, made from substances like PTFE, PP, or PVDF. 
These membranes prevent liquid from coming into their pores due to floor tension, 
forming a liquid-vapor interface on the pore openings. Versions in the layout of the 
permeate side—including direct liquid touch, air gaps, or gasoline drift—have an 
effect on the driving pressure in unique device kinds Essalhi & Khayet (2015). 

Membrane distillation membranes may be created by the usage of methods like 
segment inversion or the mechanical stretching of dense movies. This study makes 
a specialty of Sweeping Gas Membrane Distillation (SGMD), which makes use of an 
inert gasoline at the permeate aspect to hold water vapor via the membrane to an 
outside condenser García-Payo et al. (2002). This approach is green in lowering 
warmth loss and minimizing resistance to mass switch. Initially, an increase in fuel 
speed complements the transfer of mass, but in addition, increases can result in a 
decline. SGMD capabilities by means of channeling vapor to an outside condenser 
using a gas drift, growing a barrier that limits thermal losses while enhancing vapor 
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transfer efficiency. This approach is particularly powerful for eliminating risky 
substances from aqueous solutions Khayet (2011). 

But SGMD has its challenges, along with the need for massive condensers due 
to the small volume of vapor blended with a considerable amount of inert gas. Air, 
wet air, or dry nitrogen are typically used as sweeping gases, and the gadget's 
permeability quotes vary from 1 to twenty-five kilograms in step with square meter 
consistent with hour, depending on the membrane type, the feed solution, and 
running situations Tomaszewska (2014). elements consisting of feed temperature, 
flow prices, and membrane properties affect the system's overall performance, with 
better temperatures significantly boosting vapor strain and, therefore, flow prices. 
A disadvantage of SGMD is the gradual upward push in fuel temperature in the 
device, which negatively impacts vapor pressure and decreases the efficiency of the 
vapor switch. Notwithstanding these challenges, SGMD is powerful for producing 
distilled or potable water and for putting off risky organic compounds from water-
primarily based answers Tomaszewska (2014). Membrane distillation is a system 
that relies on the distinction in vapor strain throughout a specialized membrane to 
split freshwater from saline answers, consisting of seawater or underground brine. 
This approach differs notably from other membrane-based desalination strategies 
like reverse osmosis, ahead osmosis, electrodialysis, or capacitive deionization, 
which normally rely on either excessive-stress systems or electrical currents to 
dispose of salt. Membrane distillation stands out for its top-notch performance in 
water purification, with blessings along with its flexibility, potential to apply low-
first-rate warmness resources, and production of water with very high purity 
degrees. Its operation at pretty low temperatures helps using renewable electricity, 
reinforcing its function in sustainable water treatment. One vital aspect affecting the 
overall performance of membrane distillation structures is the form of condenser 
used to convert water vapor again into liquid form. Whether the gadget employs a 
water-cooled warmth exchanger or an exchanger made of polymeric or metallic 
materials can have an impact on the quality of the final product. Sweeping gasoline 
membrane distillation (SGMD), a version of this technology, is mainly proper for 
utilizing warmth from low-temperature resources like solar energy or business 
waste. In this research, photovoltaic panels and flat-plate solar panels are used to 
provide each thermal electricity and energy to power the SGMD method. The main 
aim is to design, evaluate, and optimize an unbiased solar-driven SGMD device ready 
with exceptional condenser configurations to enhance water production and purity. 
The study's specific objectives are as follows: 

1- The goal is to look at how different types of water-cooled polymetric and 
metallic exchangers affect the productivity of the system by measuring how much 
condensed water is produced. 

2- To assess the thermal needs for the system's nighttime operation, as well as 
the energy requirements for photovoltaics (PVs) and solar thermal collectors. 

Solar-powered membrane distillation system by Li and Lu Li & Lu (2020) 
provides fresh water in remote areas without infrastructure. All power comes from 
the sun. A mathematical model and test results in natural weather conditions were 
used to evaluate the system. The system produced fresh water at an average rate of 
9.98 to 23.26 kilograms per day, with a ratio of flowing air of 4 to 6, a thermal 
collector efficiency of 50%, three times that of photovoltaic solar panels, and a cost 
of 18.34 $/m3. They examined heat and moisture transfer in solar-powered water 
desalination system hollow membrane units using sweeping gas. They also 
examined how weather and membrane resistance affect moisture transfer driving 
power and system efficiency. This was done by testing three PVDF membrane units. 
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The researchers examined membrane parameters like mean pore size, porosity, and 
tortuosity. They thoroughly examined system performance. They found that 
fundamental physical characteristics like pore width, porosity, and tortuosity 
affected system performance. Pore widths were 140–160 micrometers, and 
porosity was 0.75. In saltwater-accessible areas, Huang et al. Huang et al. (2019) 
built a treatment plant. Solar membrane distillation energy powered the process. 
They developed MD using a thermal solar collector and solar panels for thermal and 
electrical energy. Freshwater cost 85 dollars per cubic meter after SGMD distillation. 
The system's water unit cost was optimized for 20-year cost recovery. Total cost: 
$35,000. Many variables were tested, including photovoltaic collector area and flow 
rates. They found that solar-powered SGMD water production is not cheaper when 
the thermal or electrical system is stored. They made a smaller hot water tank and 
a larger thermal accumulator system to increase average operating temperature 
and lower cost. In membrane evaporation (SGMD), Leelamanie Leelamanie (2011) 
studied condensation, re-evaporation, and heat transfer. It was shown that 
membrane characteristics affect condensation and re-evaporation. Membranes with 
higher mass transfer coefficients—pore size and porosity—condense more. 
Combined droplet surface area and gas passage speed determine re-evaporation 
rate. Low gas flow rates increase membrane pore size and evaporation. At higher 
gas flow rates, the membrane has smaller holes and evaporates faster. Gas flow rate 
directly affects mass transfer coefficient. As evaporation temperature rises, mass 
transfer coefficient decreases, but liquid passage speed has little effect. Increasing 
gas flow or evaporation temperature boosts energy efficiency. SGMD, a novel 
method that delivers water vapor directly to the root zone, increases soil moisture 
and agricultural productivity. In practice, sweep gas moves across membrane tube 
banks' hollow fibers. These tubes carry non-specific fluid in the opposite direction 
or perpendicular to the membrane surface. The other configuration has sweep gas 
inside the tubes and hot brine between them. The sweep gas carries thermal saline-
produced water vapor to the condenser through the membranes. Condensing water 
vapor in the condenser produces purified water. Leelaminae Leelamanie (2011) 
examined how ambient relative humidity affects soil water content, focusing on 
organic matter and clay content. The study examines how organic matter and clay 
affect soil moisture availability and retention by correlating soil characteristics and 
moisture levels. This affects agricultural and environmental management methods 
that preserve and restore soil moisture and our understanding of soil-water 
interactions. Boukhriss et al. Boukhriss et al. (2017) studied the SGMD process and 
found that it can collect hot water for solar distillation despite the capacitor cost. 
Preliminary research is promising. SGMD has lower conductive heat loss and mass 
transfer resistance than other MDs. However, Boukhriss et al. Boukhriss et al. 
(2021) examined how soil moisture levels affected atmospheric water vapor 
availability and ecosystem evaporation. Ecosystem evaporation transfers water 
from different ecosystems to the atmosphere as water vapor, mostly by soil 
evaporation and transpiration. The study examines the atmospheric humidity 
deficit, the difference between the atmosphere's actual water vapor content and its 
maximum capacity at a certain temperature. The researchers' theory is that soil 
moisture deficits reduce evaporation, which raises air humidity deficits. They 
emphasize that soil moisture and air humidity must be linked to understand how 
ecosystems control evaporation. Al-Hayeka and Badran examined how relative air 
wetness affects soil dampness Al-Hayeka & Badran (2004). This study examines 
how condensation extracts moisture from the sky and affects soil moisture. The 
main goal is to determine if relative air dampness can be used to increase soil 
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moisture in dry and semi-arid areas where water is scarce. The study examines how 
relative air dampness harvest affects soil dampness dynamics and suggests ways to 
use this method for sustainable water management.  

 
2. METHODOLOGY 

The system was simulated using TRNSYS, a software platform specifically 
designed to model systems with time-dependent behaviors. TRNSYS stands for 
TRaNsient SYStem and is well-known for its flexibility and versatility. It’s widely 
used for analyzing solar energy systems, building temperature dynamics, electrical 
grids, HVAC designs, and similar applications. The software treats each system 
component as an independent “black box” model, making it easier to simulate 
complex setups. While it was initially created for solar thermal systems, its 
capabilities have expanded significantly to support a wide variety of dynamic 
systems Bernier, & Beausoleil-Morrison (2005). 

This study examines a gadget comprising a solar flat plate collector, 
photovoltaic panels, and a sweeping gas membrane distillation (SGMD) unit. The 
objective is to replace traditional energy sources with renewable alternatives, 
leading to decentralized desalination methods. Figure 1 illustrates a simplified 
illustration of the association. The device accommodates two primary components: 
one committed to power technology and the opposite to desalination. The energy 
system contains a flat plate collector (FPC), a thermal storage tank prepared with 
warmth exchangers, pumps, photovoltaic panels with batteries, and a 
regulator/inverter, all functioning collaboratively to guide the SGMD module. The 
SGMD unit is significant to the desalination method, with its info addressed in later 
sections. 

In the first phase of the project, we modeled the SGMD unit by creating a custom 
component for TRNSYS, written as a Fortran subroutine. The second phase involved 
analyzing how the system performs. Key factors like the temperatures of the input 
and output streams, as well as the total mass flow rate, were used to measure its 
efficiency. The system was designed to run full day, making the most of sunlight in 
Makkah, a city in western Saudi Arabia. 
 Figure 1  

 
Figure 1 General diagram of the System Setup 

 
2.1. THE SOLAR THERMAL SYSTEM 
A flat plate collector (FPC) produces thermal energy, and the heat transfer fluid 

(HTF) captures solar radiation. The heated fluid functions as a thermal storage 
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reservoir. The HTF employs a coil heat exchanger for the transfer of heat to 
saltwater. An FPC functions as a heat exchanger that transforms incoming and 
diffuse solar radiation into a working fluid, namely a heat transfer fluid (HTF) 
composed of water and glycol. The Hottel Whillier Bliss equation Vargas-Bautista et 
al. (2017) delineates thermal efficiency (ηcoil). 

 

𝜼𝜼𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄 = 𝒂𝒂𝝄𝝄 − 𝒂𝒂𝟏𝟏
(𝑻𝑻𝟑𝟑 − 𝑻𝑻𝒂𝒂𝒂𝒂𝒂𝒂)

𝑰𝑰𝑻𝑻
− 𝒂𝒂𝟐𝟐

(𝑻𝑻𝟑𝟑 − 𝑻𝑻𝒂𝒂𝒂𝒂𝒂𝒂)𝟐𝟐

𝑰𝑰𝑻𝑻
                  (1) 

                   
𝐼𝐼𝑇𝑇: the total solar radiation incident (W1m−2). 
𝑎𝑎𝜊𝜊: denotes the interception of the efficiency curve, signifying the system's 

efficiency under optimal circumstances (when there is no temperature differential 
between the heat transfer fluid and the ambient temperature). 

𝑎𝑎1: efficiency slope, first-order coefficient in efficiency equation (W−1m2K1) 
𝑎𝑎2: efficiency curvature, second-order coefficient in efficiency equation 

(W−1m2K2). 
𝑇𝑇3: temperature at which the fluid enters the collector (°C). 
𝑇𝑇𝑎𝑎𝑎𝑎𝑎𝑎: surrounding temperature (°C). 
 
The most effective method for evaluating the performance of the FPC involves 

calculating the usable thermal energy (Q_U) transferred from the radiation to the 
HTF through the FPC, expressed in watts Acevedo et al. (2016). 

 
𝓠𝓠𝓤𝓤  = 𝒎𝒎𝑯𝑯𝑯𝑯𝑯𝑯𝑪𝑪𝒑𝒑,𝑯𝑯𝑯𝑯𝑯𝑯(𝑻𝑻𝟒𝟒 − 𝑻𝑻𝟑𝟑)                                                      (2) 

                                                       
𝑇𝑇4: outlet temperature of the fluid to the collector (K). 
𝑇𝑇3: inlet temperature of the fluid to the collector (K). 
𝑚𝑚𝐻𝐻𝐻𝐻𝐻𝐻: shows the mass flow rate of the solar fluid ((KJ Kg−1K−1)) 
𝐶𝐶𝑝𝑝,𝐻𝐻𝐻𝐻𝐻𝐻: the specific heat capacity of the fluid circulating inside the solar collector 

(KJ Kg−1K−1). 
 
𝜂𝜂𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐  may be redefined as: 
 
𝜼𝜼𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄 = 𝓠𝓠𝓤𝓤 

𝑨𝑨 𝑰𝑰𝑻𝑻
                                                                                                 (3) 

 
A: collect surface area of the solar collector (m²) 
 
The steady-state collector discharge temperature at normal incidence was 

determined using Equations (1)–(3) as outlined below Acevedo et al. (2016) . 
 

𝑻𝑻𝟒𝟒 = 𝑻𝑻𝟑𝟑 +
𝑨𝑨

𝒎𝒎𝑯𝑯𝑯𝑯𝑯𝑯𝑪𝑪𝒑𝒑,𝑯𝑯𝑯𝑯𝑯𝑯
(𝒂𝒂𝟎𝟎𝑰𝑰𝑻𝑻 + 𝒂𝒂𝟏𝟏(𝑻𝑻𝟑𝟑 − 𝑻𝑻𝒂𝒂𝒂𝒂𝒂𝒂) − 𝒂𝒂𝟐𝟐(𝑻𝑻𝟑𝟑 − 𝑻𝑻𝒂𝒂𝒂𝒂𝒂𝒂)𝟐𝟐)    (3) 
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Following an evaluation of the thermal system's principal component, the flat 
plate collector (FPC), the focus shifts to the storage tank intended for fluid retention. 
The system includes an internal heat exchanger designed to capture the 
advantageous energy from the heat transfer fluid (HTF), along with internal heaters 
that provide energy as required. The energy balance can be articulated through the 
subsequent equation Modeling of Solar Storage Tanks. (n.d.) Newton (1995): 

 

𝑴𝑴𝜾𝜾𝑪𝑪𝓟𝓟
𝒅𝒅𝓣𝓣
𝒅𝒅𝒅𝒅

= 𝑸𝑸𝒆𝒆𝒆𝒆𝓥𝓥 + 𝑸𝑸𝓒𝓒𝒐𝒐𝒐𝒐𝒐𝒐 + 𝑸𝑸𝒉𝒉𝓧𝓧 + 𝑸𝑸𝓐𝓐𝓐𝓐𝓐𝓐 + 𝑸𝑸𝓲𝓲𝓲𝓲𝓲𝓲𝒆𝒆𝒆𝒆𝒆𝒆 + 𝑸𝑸𝒇𝒇𝒇𝒇𝓤𝓤𝒆𝒆     (4) 

 
𝑄𝑄𝑒𝑒𝑒𝑒𝑒𝑒: the process of energy transfer through convection occurring between the 

storage tank and the ambient air. (W), 
𝑄𝑄𝒞𝒞𝒞𝒞𝒞𝒞𝒞𝒞 : energy transfer occurs by conduction between two layers. (W), 
𝑄𝑄𝒾𝒾𝒾𝒾𝒾𝒾𝒾𝒾𝒾𝒾𝒾𝒾: the energy transfer associated with the introduction of either warm or 

cold water into a balloon (W).  
𝑄𝑄𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓: represents the flow of convective energy exchanged with a potential 

chimney (W). 
𝑄𝑄ℎ𝒳𝒳: the amount of energy transfer generated by the heat exchanger (W). 
𝑄𝑄𝒜𝒜𝒜𝒜𝒜𝒜: represents the energy output generated by a secondary heater (W) 
𝐶𝐶𝒫𝒫: the fluid within the storage tank's specific heat (kJ Kg^(-1) K^(-1) ). 
𝑀𝑀𝜄𝜄: the mass of water at node i (kg). 
 
Finding a variable-speed pump that adjusts to the quantity of radiation hitting 

the collection improves the system's performance significantly. The pump's output 
temperature is calculated as follows Modeling of Solar Storage Tanks. (n.d.): 

 
𝑻𝑻𝟑𝟑 = 𝑻𝑻𝟐𝟐 + 𝑸𝑸𝓗𝓗𝓗𝓗𝓗𝓗

𝒎𝒎𝓗𝓗𝓗𝓗𝓗𝓗
                                                                            (6) 

 
𝑇𝑇3: outlet temperature from the pump (°C). 
𝑇𝑇2: inlet temperature to the pump (°C). 
𝑄𝑄ℋ𝐹𝐹𝐹𝐹: the energy conveyed from the pump motor to the fluid stream traversing 

the pump (kJ h−1). 
 

𝑸𝑸𝓗𝓗𝑭𝑭𝑭𝑭 = 𝓟𝓟𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝓣𝓣�𝟏𝟏 − 𝜼𝜼𝒑𝒑𝒑𝒑𝒑𝒑𝓟𝓟𝒊𝒊𝒊𝒊𝒊𝒊� + �𝓟𝓟 − 𝓟𝓟𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝓣𝓣�𝓕𝓕                 (5) 
 

𝒫𝒫shaf𝒯𝒯: the shaft power required for pumping operations (kJ h−1). 

P: the power consumed by the pump at this moment (kJ h−1). 
F: represents a portion of the inefficiencies of the pump motor. 
ηpum𝒫𝒫ing: efficiency of fluid pumping. 
 
 
𝑷𝑷𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂 = 𝒎𝒎𝒂𝒂(∆𝓟𝓟𝒂𝒂,𝑯𝑯+∆𝓟𝓟𝒂𝒂,𝑫𝑫)

𝝆𝝆𝓪𝓪𝜼𝜼𝓕𝓕𝓕𝓕𝓕𝓕
                                                             (8) 

 



Energy Analysis of a Solar-Operated Sweeping Gas Membrane Distillation System Integrated with Different Water Vapor Condensation 
Configurations 

 

International Journal of Engineering Technologies and Management Research 8 
 

∆𝒫𝒫𝑎𝑎,𝐻𝐻 and ∆𝒫𝒫𝑎𝑎,𝐷𝐷 symbolize the drops in air pressure above the condenser and 
the membrane module, respectively Li & Lu (2020). 

The sun fraction (SF) is an important performance parameter for the heating 
system. The definition refers to the ratio of energy given by the solar collector (𝒬𝒬𝒰𝒰) 
to the total solar energy necessary for the operation of the desalination system, 
including energy contributed by the auxiliary heater (𝒬𝒬𝒜𝒜𝒜𝒜𝒜𝒜), as indicated in Hobbi, 
& Siddiqui (2009): 

 
𝑺𝑺𝑺𝑺 = 𝓠𝓠𝓤𝓤

𝓠𝓠𝓤𝓤+𝓠𝓠𝓐𝓐𝓐𝓐𝓐𝓐
                                                                               (9) 

  
2.2. PHOTOVOLTAIC SOLAR SYSTEM 
The electrical system includes solar modules, a battery bank, and an inverter, 

which converts DC to AC and powers the storage tank's pumps and air compressors. 
The batteries chemically store direct current electrical energy for later use in cloudy 
circumstances. 

The electric power output (P_PV) from the photovoltaic array, contingent upon 
irradiance and temperature, is articulated as Ghenai et al. (2018): 

 

𝑷𝑷𝓟𝓟𝓟𝓟 = 𝑷𝑷𝓟𝓟𝓟𝓟,𝑺𝑺𝓣𝓣𝑪𝑪𝓕𝓕𝑺𝑺𝓣𝓣𝑪𝑪
𝑮𝑮

𝑮𝑮𝑺𝑺𝓣𝓣𝑪𝑪
�𝟏𝟏 + 𝜶𝜶𝓟𝓟�𝑻𝑻𝓒𝓒 − 𝑻𝑻𝓒𝓒,𝑺𝑺𝓣𝓣𝑪𝑪��                    (6) 

                     
𝑃𝑃𝒫𝒫𝒫𝒫,𝑆𝑆𝑆𝑆𝑆𝑆: the output power at the standard test conditions (STC).  
ℱ𝑆𝑆𝑆𝑆𝑆𝑆: the photovoltaic derating factor. 
𝐺𝐺: represents the total radiation incident on the photovoltaic array. 
𝐺𝐺𝑆𝑆𝑆𝑆𝑆𝑆: the incident radiation at (SΤC) 
𝛼𝛼𝒫𝒫: the temperature coefficient of power. 
𝑇𝑇𝒞𝒞: the temperature of the photovoltaic module. 
𝑇𝑇𝒞𝒞,𝑆𝑆𝑆𝑆𝑆𝑆: the temperature of the PV module under standard test conditions 

(STC)[28]. Standard test conditions (STC): air mass = 1.5, global solar irradiance = 
1,000 𝑊𝑊𝑚𝑚−2, temperature at STC = 25°C. 

 
Subsequently, the overall PPV of the PV panel is determined. To determine the 

battery's capacity in ampere-hours (Ah), apply equation (10) as follows Ghenai et 
al. (2018): 

 
𝑨𝑨𝑨𝑨 = (𝑷𝑷𝓛𝓛𝓛𝓛𝓛𝓛𝓛𝓛)(𝑵𝑵𝓙𝓙)

(𝑵𝑵𝒃𝒃 )(𝑷𝑷𝓭𝓭 )(𝐩𝐩𝐩𝐩)
                                                                       (11) 

 
P_LOAD is the needed energy during the day (Wh d–1), N_J is the number of 

autonomous days (1 d with a minimum solar irradiation rate) required, P_(d ) is the 
depth of discharge, N_(b ) is the battery efficiency, and pr is the losses. 

 
2.3. SGMD SYSTEM 
The hot feed solution enters the SGMD module at a predetermined mass flow 

rate and temperature. Through the use of air driven by a fan, the gaseous component 
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of the solution (distillate membrane distillation) passes through the membrane. 
After that, the vapor travels to the condenser. The hydrophobic microporous fibers 
were part of the SGMD module. The cylindrical housing encased the fiber tubes. The 
heated solution moved through the fibers as air moved in a crossflow pattern 
through the fiber bundle, the porosity is 70% and the pore size is 0.2 μm , as seen in 
Figure 2 As heat and mass pass through the porous membrane between the two 
fluids, the temperature of the solution inside the fiber tubes decreases. The 
concentration increases concurrently along the fiber axis. As a result, the air outside 
the tube bundle gradually becomes warmer and more humid in the direction that it 
is moving. 
 Figure 2  

 
Figure 2 The SGMD Module 

 

An instantaneous fiber-to-fiber model that takes into attention concentration 
and temperature distributions all through all fiber tubes is challenging to assemble 
because of the concurrent mass and warmth switch of the technique and the great 
variety of fiber tubes. A crossflow flat-sheet channel model was used to transform 
the huge hole fiber tubes right into a flat sheet membrane, hence resolving the issue. 
While the answer and airstream moved through two parallel channels that had been 
separated by means of the membrane, as shown in Figure 3, there has been a switch 
of heat and mass throughout the membrane. There are 3 parts to the SGMD module's 
general warmth and moisture transfer resistance: the diffusion switch resistance 
inside the porous membrane, the convective transfer resistances of boundary 
layers, and the overall bundle Li & Lu (2020).  
Figure 3 

 
Figure 3 The Computational Scope of the Crossflow flat-Sheet Channel Model [16] 

 
The Reynolds numbers for both the solution and air are far below 2300 during 

the operation, implying that laminar flow may be used to describe both. References 
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Li & Lu (2020) and Bergman & Incropera (2011) help one to ascertain 〖Nu〗_f in 
the solution boundary layer: 

 

𝑵𝑵𝑵𝑵𝒇𝒇 =
𝒉𝒉𝒇𝒇𝒅𝒅𝓲𝓲
𝒌𝒌𝒇𝒇

= 𝟑𝟑.𝟔𝟔𝟔𝟔𝟔𝟔 +
𝟎𝟎.𝟎𝟎𝟎𝟎𝟎𝟎 �𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝒅𝒅𝓲𝓲 𝑳𝑳� �

𝟏𝟏 + 𝟎𝟎.𝟎𝟎𝟎𝟎𝟎𝟎 �𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝒅𝒅𝓲𝓲 𝑳𝑳� �
𝟎𝟎.𝟔𝟔𝟔𝟔          (7) 

 
The Nusselt number for air flowing over the fiber bundles can be calculated 

using a recognized empirical relationship [31]: 
 

𝑵𝑵𝑵𝑵𝒑𝒑 =
𝒉𝒉𝒑𝒑𝒅𝒅𝓞𝓞
𝒌𝒌𝒑𝒑

= 𝟏𝟏.𝟏𝟏𝟏𝟏 𝓒𝓒 𝑹𝑹𝑹𝑹𝒅𝒅𝓞𝓞,𝓶𝓶𝒂𝒂𝓧𝓧
𝓶𝓶 𝑷𝑷𝑷𝑷𝒑𝒑

𝟏𝟏
𝟑𝟑�                               (8) 

 
The constants C and m are associated with the transverse pitch (PT) and 

longitudinal pitch (PL) of the fiber tubes. For the module with PT/do of 1.5 and 
PL/do of 1.7, the constants are: C = 0.457, m = 0.564. 〖Re〗_(dO,maX) is defined as 
the maximum velocity of the airstream inside the fiber bundle Li & Zhang (2017). 

 
The convective moisture transfer coefficient may be derived using the Chilton–

Colburn analogy Kays et al. (n.d.). 
 

𝒔𝒔𝒔𝒔 =
𝒌𝒌𝒇𝒇𝒅𝒅𝓲𝓲
𝓓𝓓

=
𝑵𝑵𝑵𝑵𝒇𝒇
𝑳𝑳𝓮𝓮𝟏𝟏/𝟑𝟑                                                                      (9) 

                                                                      
where D is the diffusivity. 
 
The pressure drop of the solution and airstream may be articulated respectively 

Li & Zhang (2017): 
 

∆𝑷𝑷𝒇𝒇,𝓗𝓗 = 𝟔𝟔𝟔𝟔
𝑹𝑹𝑹𝑹𝒇𝒇

𝑳𝑳
𝒅𝒅𝓲𝓲

𝝆𝝆𝒇𝒇𝓤𝓤𝒇𝒇
𝟐𝟐

𝟐𝟐
                                                                 (36) 

 

∆𝑷𝑷𝒑𝒑,𝓗𝓗 = 𝒇𝒇𝒑𝒑𝑵𝑵𝓛𝓛
𝝆𝝆𝒑𝒑𝒖𝒖𝒑𝒑𝟐𝟐

𝟐𝟐
                                                                 (37) 

 
𝑢𝑢𝑓𝑓 is the velocity of the water. 
𝑢𝑢𝑝𝑝 is the velocity of the air. 
𝒩𝒩ℒ is the number of fiber in the air flow movement. 
 
The permeate flow flux can be calculated using the correlation provided below 

[33]., 
𝓙𝓙 = 𝓑𝓑[𝑷𝑷𝓕𝓕𝓕𝓕 − 𝑷𝑷𝓟𝓟𝓟𝓟]                                                  (38) 
 
where 𝑃𝑃ℱ𝓂𝓂 and  𝑃𝑃𝒫𝒫𝒫𝒫 stand for the feed and permeate vapor pressures, 

respectively, at the corresponding membrane surface temperatures 𝑇𝑇ℱ𝓂𝓂 and 𝑇𝑇𝒫𝒫𝒫𝒫. 



Abdullah H. Kadhum, Omar A. Bamaga, Zulfa A. Baz, and Nidal H. Abu-Hamdeh 
 

International Journal of Engineering Technologies and Management Research 11 
 

Consideration has been given to how salt affects vapor pressure. The Knudsen-
molecular diffusion model has been used to establish the membrane characteristic 
parameter B Gryta et al. (1997), Green Social Work, Sieder & Tate (1936), Anderson 
et al.(2020) because the mean free path of water vapor (~0.13 μm) Zhao et al. (n.d.) 
is comparable to the mean pore size of the membrane used in the conditions 
examined in this study. 

 

𝓑𝓑 = �
𝟑𝟑 𝝉𝝉𝜹𝜹𝓶𝓶
𝟐𝟐𝜺𝜺𝓻𝓻

�
𝝅𝝅𝝅𝝅𝝅𝝅
𝟖𝟖𝑴𝑴

�
𝟎𝟎.𝟓𝟓

+
𝝉𝝉𝜹𝜹𝓶𝓶
𝜺𝜺

 
𝑷𝑷𝓪𝓪
𝑷𝑷𝑷𝑷

 
𝑹𝑹𝑹𝑹
𝑴𝑴
�
−𝟏𝟏

 

 

where τ is the tortuosity  τ = (2−ε)2

ε
  Kim et al. (2021), δ𝓂𝓂 is the thickness of 

membrane (m) , ε is the porosity , R is the universal gas constant ( J mole−1K−1), T is 
the bulk temperature in (K) , Pa air pressure (pa), P total pressure (pa) , D is the 
diffusivity  (m2s−1) Nasirabadi et al. (2016), M is molecular weight (kg mole−1).  

 
Membrane surface temperatures may be computed using the following 

relationships, based on feed and permeate temperatures and different heat transfer 
coefficients Saturation thermodynamic properties of water at. (n.d.) Qtaishat et al.  
(2008). 

 

𝑻𝑻𝓕𝓕𝓕𝓕 = 𝑻𝑻𝓕𝓕 − (𝑻𝑻𝓕𝓕 − 𝑻𝑻𝓟𝓟)
𝟏𝟏
𝒉𝒉𝓕𝓕�

𝟏𝟏
𝒉𝒉𝓥𝓥 + 𝒉𝒉𝓒𝓒

+ 𝟏𝟏
𝒉𝒉𝓟𝓟

+ 𝟏𝟏
𝒉𝒉𝓕𝓕

                (10) 

 

𝑻𝑻𝓟𝓟𝓟𝓟 = 𝑻𝑻𝓟𝓟 − (𝑻𝑻𝓕𝓕 − 𝑻𝑻𝓟𝓟)
𝟏𝟏
𝒉𝒉𝓟𝓟�

𝟏𝟏
𝒉𝒉𝓥𝓥+𝒉𝒉𝓒𝓒

+ 𝟏𝟏
𝒉𝒉𝓟𝓟

+ 𝟏𝟏
𝒉𝒉𝓕𝓕

                     (11)      

                  
In this context, ℎℱ and ℎ𝒫𝒫 denote the heat transfer coefficients on the feed and 

permeate sides, respectively, whereas ℎ𝒱𝒱 and ℎ𝒞𝒞 refer to the vapor and membrane 
heat transfer coefficients. ℎ𝒱𝒱  can be determined using the following correlation. 

 
𝒉𝒉𝓥𝓥 = 𝓙𝓙∆𝓗𝓗𝓗𝓗

𝑻𝑻𝓕𝓕𝓕𝓕−𝑻𝑻𝓟𝓟𝓟𝓟
                                                                         (42) 

 
The vapor enthalpy ∆HV at the average membrane temperature can be 

calculated using the following correlation. 
 

∆𝓗𝓗𝓗𝓗 = (𝟏𝟏.𝟕𝟕𝟕𝟕𝟕𝟕𝟕𝟕 �
𝑻𝑻𝓕𝓕𝓕𝓕 + 𝑻𝑻𝓟𝓟𝓟𝓟

𝟐𝟐
� + 𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐.𝟑𝟑                    (12) 

 

𝒉𝒉𝓒𝓒 = 𝒌𝒌𝓶𝓶
𝜹𝜹𝓶𝓶

                                                                         (44) 

 
where the 𝑘𝑘𝓂𝓂 is thermal conductivity of the membrane Ali et al. (2015). 

Equations (Anderson et al. (2020),Kim et al. (2021) and Nasirabadi et al. (2016)) 
have been resolved via the iterative technique as proposed in Martínez-Díez & 
Vázquez-González (1999).  
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Using the feed and permeate streams' heat and mass balances, we were able to 

determine temperature profiles along the fiber. The energy difference between the 
feed side's input and output is transferred across the membrane by conduction and 
convection Saturation thermodynamic properties of water at. (n.d.) Qtaishat et al. 
(2008). 

 
𝒎𝒎𝒇𝒇𝑪𝑪𝑪𝑪𝒇𝒇𝑻𝑻𝒊𝒊 −𝒎𝒎𝒇𝒇𝑪𝑪𝑪𝑪𝒇𝒇𝑻𝑻𝒊𝒊+𝟏𝟏 = 𝒉𝒉𝓒𝓒(𝑻𝑻𝓕𝓕𝓕𝓕 − 𝑻𝑻𝓟𝓟𝓟𝓟)𝒅𝒅𝒅𝒅 + 𝓙𝓙∆𝓗𝓗𝓗𝓗𝒅𝒅𝒅𝒅     (13) 

 

𝑻𝑻𝒇𝒇𝒇𝒇+𝟏𝟏 =
𝒎𝒎𝒇𝒇𝑪𝑪𝑪𝑪𝒇𝒇𝑻𝑻𝒇𝒇𝒇𝒇 − (𝒉𝒉𝓒𝓒(𝑻𝑻𝓕𝓕𝓕𝓕 − 𝑻𝑻𝓟𝓟𝓟𝓟)𝒅𝒅𝒅𝒅 + 𝓙𝓙∆𝓗𝓗𝓗𝓗𝒅𝒅𝒅𝒅)

𝒎𝒎𝒇𝒇𝑪𝑪𝑪𝑪𝒇𝒇
      (14) 

 
In a similar manner, the temperature of the permeate 
 

𝑻𝑻𝓟𝓟𝒊𝒊+𝟏𝟏 =
𝒎𝒎𝒑𝒑𝑪𝑪𝑪𝑪𝒑𝒑𝑻𝑻𝓟𝓟𝒊𝒊 − (𝒉𝒉𝓒𝓒(𝑻𝑻𝓕𝓕𝓕𝓕 − 𝑻𝑻𝓟𝓟𝓟𝓟)𝒅𝒅𝒅𝒅 + 𝓙𝓙∆𝓗𝓗𝓗𝓗𝒅𝒅𝒅𝒅)

𝒎𝒎𝒑𝒑𝑪𝑪𝑪𝑪𝒑𝒑
    (15)   

  
To determine the ((Pℱ𝓂𝓂 and P𝒫𝒫𝒫𝒫), it is necessary to adhere to the guidelines 

outlined in references Saturation thermodynamic properties of water at. (n.d.) and 
Qtaishat et al. (2008). 

 

𝑷𝑷𝓕𝓕𝓕𝓕 = 𝐞𝐞𝐞𝐞𝐞𝐞�𝟐𝟐𝟐𝟐.𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏 −
𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑.𝟒𝟒𝟒𝟒

𝑻𝑻𝓕𝓕𝓕𝓕 − 𝟒𝟒𝟒𝟒.𝟏𝟏𝟏𝟏
�                             (16) 

 

𝑷𝑷𝓟𝓟𝓟𝓟 = 𝐞𝐞𝐞𝐞𝐞𝐞�𝟐𝟐𝟐𝟐.𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏 −
𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑.𝟒𝟒𝟒𝟒

𝑻𝑻𝓟𝓟𝓟𝓟 − 𝟒𝟒𝟒𝟒.𝟏𝟏𝟏𝟏
�                              (17) 

 
2.4. THE MODELING OF THE SOLAR SGMD SYSTEM USING 

TRNSYS 
A hybrid solar thermal and photovoltaic SGMD system, as illustrated in Figure 

4, was designed and tested using TRNSYS version 18. An FPC (Type 73) is part of the 
solar thermal system,  
 Figure 4  

 
Figure 4 TRNSYS Diagram 
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Fourteen forcing functions, water resources (Type 14b), Type 14h immersion 
heater control signals, a Type 60r stratified fluid storage tank including two inlets 
and one outlet, a Type 110 variable-speed water pump, along with optional internal 
heaters and heat exchangers. The TRNSYS standard component encompasses the 
electrical power systems utilized in this work, comprising solar panels (TYPE103), 
electrical storage (TYPE47c), and regulator/inverter (TYPE48b). Supplementary 
components comprise a unit conversion mechanism, Type 65c online plotters with 
files, TYPE15-TMY2 weather data acquisition and processing, and the TYPE24 
integrator. This research has led to the inclusion of TYPE 1996 in the standard 
library, a newly designed component for representing an SGMD unit. This indicates 
that our research made a substantial contribution. This component was developed 
using the FORTRAN programming language. The subsequent section includes tables 
detailing PV panels (EURONET) with a maximum rated power of 115 W and a 
maximum power point voltage of 17.4 V. 

  
3. RESULTS AND DISCUSSION 

This study includes validating and simulating the plant for a year in Makkah, 
Saudi Arabia. To simplify the presentation of the results, three dates were chosen: 
January 20th, May 15th, and June 15th. Figure 5 shows the Ambient temperatures 
(degrees Celsius) are considered as one of the basic pillars that should be measured 
and were measured during the three tested days (20 January), (15 May) and (15 
June) and the highest temperatures recorded during the three days were 32.4°C, 
39.2°C, 39.5 °C, respectively. 
Figure 5 

 
Figure 5 Ambient temperature 

 
The thermal energy captured by the flat plate collector is used to heat the water 

exiting the solar collector. Figure 6 depicts a simulation of a model that uses the 
available solar energy from solar thermal collectors to heat the HTF over the months 
of January, May, and June. We observe a drop in temperature in January.  
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Figure 6 

 
Figure 6 Outlet Temperature from Collector 

 
Figure 7 depicts the amount of condensed water and the temperature of the 

water entering the SGMD using glass condenser, demonstrating a direct relationship 
between increasing temperature and the amount of water condensation. These 
values were compared to the practical findings obtained in the laboratory to ensure 
the TRNSYS program's accuracy. 
Figure 7 

 
Figure 7 The amount and Temperature of Condensed water Entering SGMD via Glass Condenser 

 
Figure 8,Figure 10 illustrate the inlet water temperature and mass condensate 

to the membrane utilizing the copper water condenser for the months of January, 
May, and June. The temperature curves of the inlet water exhibit slight variations 
when utilizing the copper water condenser in the membrane during January, May, 
and June. The initial mass was low because of the low water temperature, and as the 
water temperature rose, the quantity of condensed water increased. The quantity of 
condensed water exhibits a slight reduction in the afternoon, coinciding with a 
decrease in temperature after 3 pm. 
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Figure 8  

 
Figure 8 Inlet Water Temperature and Mass Condensate to the Membrane Using the Copper Water 
Condenser in January 

 
Figure 9 

 
Figure 9 Inlet Water Temperature and Mass Condensate to the Membrane Using the Copper Water 
Condenser in May 

 
Figure 10 

 
Figure 10 Inlet Water Temperature and Mass Condensate to the Membrane Using the Copper Water 
Condenser in June 

 
Figure 11-Figure 13 illustrate the amount of water condensed in polypropylene 

across three different months, coupled with the inlet water temperature to SGMD 
on the specified dates of January 20, May 15, and June 15. The peak of condensation 
occurred in June, during the hottest hours of the day. The relationship is direct, 
indicating that the condensed mass increases with rising temperature. We notice 
that utilizing a copper condenser produces more condensed water than using a 
polymer condenser. This is due to copper's high heat conductivity, which causes 
more heat exchange, resulting in more condensed water. 
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 Figure 11 

 
Figure 11 Inlet Water Temperature and Mass Condensate to the Membrane Using the PP Condenser 
in January 

 
Figure 12 

 
Figure 12 Inlet Water Temperature and Mass Condensate to the Membrane Using the PP Condenser 
in May 

 
Figure 13  

 
Figure 13 Inlet Water Temperature and Mass Condensate to the Membrane Using the Pp Condenser 
in June 

 

Figure 14 illustrates the useful power gain from FPC on the designated dates of 
January 20, May 15, and June 15. The findings indicate that the maximum reached 
555 W at 1:00 PM during the summer. It progressively diminished alongside the 
reduction in solar radiation, as evidenced throughout all testing days. 
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Figure 14  

 
Figure 14 Q the useful Power Gain from FPC on January 20, May 15, and June 15 

 
The solar energy falling on the solar collector heats the water, which then heats 

the water in the tank. This falling energy varies by month of the year, with the 
highest value in June and the lowest in January. Figure 15 illustrates the solar 
radiation on a surface tilted at 30 degrees. The data indicates that the peak radiation 
occurred at 13:00 in June, reaching 994.9 W/m2. In May, the highest recorded value 
was 897 W/m2 at 12:00 noon, while in January, the maximum was 786.6 W/m2, 
also at 12:00 noon. 
Figure 15 

 
Figure 15 Total Radiation on the Surface tilted at 30 Degrees 

 
Figure 16 illustrates that the temperature of the water exiting the tank to the 

SGMD increases progressively from 20 °C to 54 °C throughout the day, as depicted 
in the figure for the tested months of the year. The temperature remained elevated 
at night due to the presence of an electrical heater in the thermal storage tank, which 
sustains the temperature. 

 
Figure 16 

 
Figure 16 Temperature of the Water Exiting the Tank to the SGMD 
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A comprehensive understanding of the solar array's daily operation will 

enhance the ability to identify optimal times for utilizing solar energy to maximize 
efficiency. To assess the efficiency of the thermal collector, the equation η = Qu/AI 
is employed. Figure 17 illustrates a detailed analysis of the thermal collector's 
efficiency. In June, the highest values were recorded, while January, recognized as 
the month with the lowest temperatures relative to other months, recorded the 
lowest values. 
Figure 17  

 
Figure 17 Thermal Efficiency of Solar Collector 

 
The electrical energy produced by the solar panels powered the entire system 

of pumps and auxiliary heaters. Figure 18-Figure 20 illustrate the power generated 
from photovoltaic systems during daytime hours in January, May, and June. The 
power progressively escalates, attaining peak values of 4998, 5452, and 5452 W, 
respectively. This energy will power the necessary components of the system during 
daylight, including the thermal heaters, while the surplus will be stored in batteries 
for nighttime use to operate the thermal heaters. The heaters are utilized during the 
day as necessary and at night to heat the water. 
Figure 18 

 
Figure 18 Power Generated from Photovoltaic Systems During Daytime Hours in January 
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Figure 19 

 
Figure 19 Power Generated from Photovoltaic Systems During Daytime Hours in May 

 
Figure 20  

 
Figure 20 Power Generated from Photovoltaic Systems During Daytime Hours in June 

 
4. MODEL VALIDATION OF SGMD MODULE AND THERMAL 

SYSTEM 
The SGMD model was validated through many simulations with different 

membrane lengths and pore sizes of 0.2 μm. We compared the projected results 
from our modeling to the experimental research results of Mohamed Emad, a 
master's student at King Abdulaziz University's Center of Excellence in Desalination 
Technology Eltahlawi (n.d.). This comparison demonstrates that the differences 
between Mohamed's experimental results and our numerical results from the SGMD 
model were minimal when both our model and his experiments incorporated the 
following features. In Mohamed Emad's study, a water flow rate of 2.4 liters per 
minute at a temperature of 51.4 degrees Celsius and air at a flow rate of 10 liters per 
minute at a temperature of 27 degrees Celsius were used. Mohamed relied on 
electrical energy as the power source to operate the system and employed a glass 
helical in shell heat exchanger condenser to obtain the condensed water.  In our 
model, the feed flow rate was 2.4 liters per minute, the air flow rate was 10 liters 
per minute, with cold inlet temperatures at 27 °C and hot inlet temperatures at 51.4 
°C. The fluid flow rate was measured at 2.4 liters per minute, and the total 
membrane length was 0.5 meters and used a glass helical in shell heat exchanger 
condenser to obtain the condensed water. The results demonstrated a strong 
alignment between our numerical model and the experimental results, achieving 
consistency, resulting in similar outcomes for the collected water condensate, with 
an uncertainty rate of 98%. 

  
5. CONCLUSION 

This study investigated solar thermal and photovoltaic systems integrated with 
an SGMD unit. A system was developed and evaluated using TRNSYS version 18 to 
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generate freshwater from brackish water with solar collector (FPC), photovoltaic 
(PV), and SGMD technologies. Throughout the year, adjustments to the research 
case for the Makkah area in Saudi Arabia were made on three specific days: winter 
(January 20th), summer (May 15th and June 15th). Due to the insufficient capacity 
of TRNSYS in modeling desalination processes, a new model was developed to 
conduct comprehensive simulations. This study resulted in the addition of a newly 
developed component for modeling an SGMD unit to the standard library. This 
indicates that our research has had a substantial impact. The observed and expected 
permeate flow measurements are notably similar. The maximum total solar 
radiation recorded on these days was 994.9, 897, and 786.6 W m-2, with 
corresponding maximum ambient temperatures of 32.4 °C, 39.5 °C, and 39.2 °C, 
respectively. On this winter's day (January 20th), the temperature at the collector's 
output fluctuates between 20 and 78 degrees Celsius. On a summer day (June 15th), 
the collector’s outflow temperature peaks at 90 °C and descends to a minimum of 
20°C, with a range spanning from 20 °C to 90 °C. Over the three-day operation, the 
FPC field attains maximum useful energy gains of 400 W, 555 W, and 500 W, with 
corresponding collector efficiencies of 62%, 60%, and 50%. A full day of auxiliary 
heating utilized the same maximum value of 12,000 kJ h-1. The anticipated 
maximum power point (MPP) for a photovoltaic (PV) system may attain 3,680 watts. 
Results were satisfactory, reaching 5,452 W on the most recent summer test day and 
4,998 W on the most recent winter test day. The seawater outflow temperature of 
the SGMD system varies from 53 to 21 degrees Celsius. The daily distillate yield is 
0.0338 kg/hr with a Cu condenser and 0.021 kg/hr with a PP condenser for this 
experiment. The results are a portion of an extensive study on solar desalination. 
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