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ABSTRACT 

Preservation of foods, drinks, fruits, fish, and perishables using cleaner form of energy at low financial cost 

has necessitated the adoption of solar powered refrigeration system most especially in locations with known 

viable solar resources. A 0.36m2 solar-powered adsorption refrigeration system utilizing an activated 

carbon/methanol pair was developed, tested, and evaluated under a cloudy sky condition of harmattan haze of 

Bauchi weather condition in January. A single 4mm plane glass forms the collector employing the location 

latitude as the inclination angle. Copper tubes arranged in parallel and connected to two headers are embedded 

underneath the absorber and, then coated with black paint. Collector air tightness is improved by the use of 

glazing rubber. Five liters of water in the cooling cabinet attained 13°C after 56 hours of experiment achieving 

a 41% temperature reduction and, 0.56 cooling coefficient of performance. This work indicates the 

practicability of solar adsorption refrigeration in the tropics amidst cloudy sky conditions. For improved 

performance under unfavorable weather conditions, provision should be made for auxiliary heating. The 

applications of this form of refrigeration will curb the use of conventional energy, minimize grid dependence, 

reduce household recurrent bills, and ozone layer-depleting chlorofluorocarbons (CFCs).  
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INTRODUCTION 

The increasing use of conventional energy and its adverse 

environmental impact have searched for alternatives that are 

renewable and non-ozone depleting more intensely. Solar 

energy like all other renewable energies, is safe, has no 

adverse effect on the environment, and is readily available, 

especially in the tropics (Emmanuel et al., 2020).  Solar 

energy has widespread applications in space and water 

heating, power generation, space cooling and refrigeration, 

solar distillation, direct electricity generation, and solar 

thermal energy storage (Benjamin, 2023; Likta, 2023).  Solar 

refrigeration is used to preserve food, drinks, fruits, fish, 

vegetables, and other forms of perishables. Solar cooling or 

refrigeration is more valuable in countries located in the 

tropics where received solar radiation is relatively high 

throughout the year and, could meet the system load energy 

demand with minimal auxiliary heat obligation for effective 

cooling. The conventional refrigeration system is energy 

intensive as well as results in environmental degradation, 

unlike the use of solar adsorption refrigeration system which 

is cost-effective and environmentally friendly as this 

refrigeration system does not use any of the ozone layer 

depleting chlorofluorocarbon (CFCs) (Mena and Nibal, 

2024). Researches in solar-powered refrigeration are found in 

literature and, have demonstrated certain potential for cooling 

for preservations and, ice making. An experimented 

adsorptive solar refrigerator in Yverdon-les-Bains, 

Switzerland with adsorption pair of silica gel and water by 

Hildbrand et al. (2002) had a gross solar cooling COPSR 

mean value of 0.16.  Evaluation of prototype solar adsorption 

refrigeration based on an intermittent thermodynamic cycle 

by Miguel et al. (2003) in Peru ensured better performance 

compared to previous versions.  A novel solar-powered 

adsorption refrigeration system by Khattab (2004) operating 

with activated carbon/methanol with arrangements of plane 

reflectors for heating the generator indicated a net solar COP 

of 0.136 and, 0.159 for cold and hot-climate respectively. 

Buchter et al. (2004) tested a single 2m2 glazed collector 

adsorptive solar refrigerator with a natural air-cooled 

condenser in Ouagadougou, Burkina-Faso. Experimental 

performance in terms of the gross solar coefficient of 

performance indicated a range of 0.09 and 0.13 at irradiance 

between 19 and 25 MJ/m2 and, averaged ambient temperature 

of 27.4 °C. A transient simulated performance of a solar-

powered adsorption refrigeration system by Rekiyat et al. 

(2012) using a flat plate solar collector, with activated 

carbon/methanol as the adsorbent/adsorbate pair in Kano, 

Nigeria achieved a cold room temperature of about 1 °C. Rifat 

et al. (2014) in their study, investigated analytically, a solar 

heat-driven basic adsorption cooling system with silica-gel-

water pair for different versions under the climatic conditions 

of Dhaka, Bangladesh. The study reveals that a solar-driven 

adsorption chiller with heat-storage unit could work beyond 

the sunset time. The thermal COP of a solar prototype 

adsorption refrigerator with activated carbon and methanol 

developed by Mohand et al. (2014) was found to be dependent 

on the refrigerating effect and the solar radiation. Norhafizah 

and Tohru (2016) presented a study on combinations of solar-

powered adsorption refrigeration systems and thermal 

storage. Analytical calculation results for activated carbon-

ammonia and activated carbon-methanol as working pairs for 

the adsorption reaction indicate a higher coefficient of 

performance, COP for activated carbon-methanol than 

activated carbon-ammonia pair while, adsorption chiller 

system with hot water thermal storage has higher COP than 

the system with ice thermal storage. The performance 

evaluation of a solar-powered solid adsorption refrigerator 

under Akure environmental climatic conditions by Anjorin 

and Bello (2016) reported higher C.O.P and, daily ice 

production compared to those reported in literature for 

systems with solar collector plates. The COP of the 

implementation results of a solar adsorption refrigerator based 
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on CPC by Du et al. (2017) was found to be 0.166 and 0.143 

when the system received irradiance of 600 W/m2 and 400 

W/m2 respectively, and could overcome the challenge faced 

by the conventional adsorption bed.  

Despite various research found in literature concerning solar-

powered adsorption refrigeration, there is a need for the 

development of these systems to attest to the commercial 

sustainability of solar absorption refrigeration technology 

using available materials which can contend favourable with 

the ozone layer depleting chlorofluorocarbon (CFCs) 

refrigeration systems. Besides, previous works concentrate on 

testing the performances of solar-powered adsorption systems 

under clear sky conditions. However, due to the fluctuating 

nature of solar radiation received across the seasons and time 

of the day, there is a need to establish the practicability of 

solar adsorption refrigeration under unfavourable weather 

conditions most especially in the tropics. This will aid in 

forming the guideline for searching for auxiliary heating 

sources for solar adsorption refrigeration systems. This 

research work designed, constructed, and preliminary tested 

the performance of solar-powered adsorption refrigerating 

with activated carbon/methanol pair under cloudy sky 

conditions.  

 

MATERIALS AND METHODS  

The system design analysis is carried out for its major 

prototype components of solar collector, adsorber bed, 

evaporator, condenser, hot water storage tank and the cooling 

cabinet.  

Solar collector 

Collector useful heat gained 𝑄𝑢  is expressed in Equation 1 as 

presented by Amritpal (2012).  

where; 

𝑄𝑢 = ƞ𝑄𝑠 = 𝐴𝑐𝐹𝑅[𝐼𝑇(𝜏𝛼) − 𝑈𝐿(𝑇𝑖 − 𝑇𝑎)] (1) 

where;   

𝑄𝑠 = 𝐴𝑐𝐼𝑇    (2) 

𝐹𝑅 is collector heat removal factor; 𝐴𝑐  is the collector area, 

m2; 𝐼𝑇 is the intensity of radiation on a horizontal surface; 𝜏 is 

the cover glazing transmittance; 𝛼 is the absorber 

absorptance; 𝑈𝐿 is the overall heat loss coefficient of solar 

collector; 𝑇𝑖 is the heat transfer fluid input temperature; 𝑇𝑎 is 

the ambient temperature. 

Heat losses of the collector  

The overall heat loss from the collector is represented in 

Equation 3 as expressed by Amritpal (2012). 

𝑄𝑙𝑜𝑠𝑠 = 𝑈𝐿𝐴𝑐(𝑇𝑖 − 𝑇𝑎)   (3) 

Where the overall heat loss coefficient 𝑈𝐿 is given by the sum 

of the top, back and edge losses of the collector as reported by 

Benjamin (2019)   

𝑈𝐿 = 𝑈𝑡 + 𝑈𝑏 + 𝑈𝑒     (5) 

Collector efficiency ƞ 

The flat plate collector efficiency as given by Duffie and 

Beckman (2006) is expressed in Equation 6. 

 𝜂 =
𝑄𝑢

𝐴𝑐𝐼𝑇
     (6) 

Refrigeration effect 

The useful cooling produced otherwise known as the 

refrigeration effect is expressed in Equation 7 as reported by 

Akinbisoye and Odesola (2013).  

𝑄𝑒 = ℎ𝑓𝑔 − 𝐶𝑝𝑚𝑣(𝑡𝑐 − 𝑡𝑒𝑣)       (7) 

where; ℎ𝑓𝑔 is the latent heat of vaporization; 𝐶𝑝𝑚𝑣is the 

specific heat capacity of methanol vapour; 𝑡𝑐 is the condenser 

temperature; 𝑡𝑒𝑣 is the evaporator temperature. 

Adsorber bed 

The amount of useful heat required to desorb methanol from 

activated carbon as given by Mena and Nibal (2024) is 

expressed in Equation 8 

𝑄𝑎𝑑 = 𝑀𝑎𝑐(𝐶𝑝,𝑎𝑐 + 𝑥𝐶𝑝𝑚𝑙
)∆𝑇 + 𝑀𝑚𝐻𝑚 (8) 

where;  

𝑀𝑎𝑐 is the mass of activated carbon; 𝐶𝑝,𝑎𝑐 is the specific heat 

capacity of activated carbon; 𝑥  is the quantity of methanol 

adsorbed per kg of activated carbon; 𝐶𝑝𝑚𝑙
 is the specific heat 

capacity of methanol at constant volume; 𝑀𝑚 is the total mass 

of methanol adsorbed; 𝐻𝑚 is the latent heat of desorption of 

𝑀𝑚 methanol 
The volume of the methanol required is: 

𝑉𝑚 =
𝑀𝑚

𝜌𝑚
     (9) 

where; 

𝜌𝑚 is the density of methanol  

Coefficient of performance, COP 

The ratio of the cooling effect to the heat input known as the 

coefficient of performance is calculated in Equation 10 

(Manahil, 2009).  

𝐶𝑂𝑃 =  
𝑄𝑒

𝑄𝑎𝑑
    (10) 

Adsorption capacity of activated carbon-methanol 

The adsorption capacity of activated carbon to methanol is 

estimated from Equation 11 (Mena and Nibal, 2024). 

𝑥 = 𝑥𝑜𝑒𝑥𝑝 [−𝑘 (
𝑇

𝑇𝑠
− 1)

𝑛
]   (11) 

where;  

 𝑥 𝑖𝑠 𝑡ℎ𝑒 𝑎𝑑𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦; 𝑘 𝑎𝑛𝑑 𝑛 are the 

characteristic parameters of adsorption refrigeration pair; 

𝑥𝑜 is the adsorption capacity at saturation temperature and 

pressure;  𝑇𝑠 and 𝑇𝑠 is the adsorption temperature and 

saturation temperature respectively.  

Mass and volume of activated carbon 

The mass and volume of the activated carbon required are 

expressed in Equations 12 and 13 respectively (Manahil, 

2009). 

𝑀𝑎𝑐 =
𝑀𝑚

𝑥
     (12) 

𝑉𝑎𝑐 =
𝑀𝑎𝑐

𝜌𝑎𝑐
     (13) 

where; 

𝜌𝑎𝑐 is the density of activated carbon 

Evaporator 

The amount of heat (cooling load) to be removed from the 

cooling compartment by the refrigerant in the evaporator 𝑄𝑒𝑣  

is given by Anthony et al., (2024) in Equation 14. 

 𝑄𝑇 = 𝑄𝑒𝑣 = 𝑈𝑒𝑣𝐴𝑒𝑣∆𝑇   (14) 

where;   

𝐴𝑒𝑣  is the evaporator surface area; ∆𝑇 is the temperature 

difference of the evaporator; 𝑈𝑒𝑣 is the overall heat transfer 

coefficient for the evaporator. 

Condenser 

The heat given up by the refrigerant vapour Qc to the 

surrounding air is given in Equation 15 (Manahil, 2009). 

𝑄𝑐 = 𝑈𝑐𝐴𝑐∆𝑇 =ṁℎ𝑓𝑔 ∗   (15) 

where;  

ℎ𝑓𝑔 ∗ is the latent heat of vaporization (modified);  Ac is the 

area of condenser pipe;  ∆𝑇 = (𝑇𝑠𝑎𝑡 − 𝑇𝑐𝑖); Tsat is the 

methanol saturation temperature; Tci is the condensing 

temperature; 𝑈𝑐 is the condenser overall heat transfer 

coefficient. 

Water tank 

The tank volume for the water is estimated from Equation 16 

(Gideon, 2016).  

𝑉𝑤𝑡 = 𝜋𝑟2ℎ𝑡    (16) 

where; ℎ𝑡 is the height of the water tank 

The heat gained by water from the collector is given in 

Equation 17 (Emmanuel et al., 2020).  𝑄𝑤 = 𝑀𝑤𝐶𝑝𝑤∆𝑇 

     (17) 
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where;  

𝑀𝑤 is the mass of water; 𝐶𝑝𝑤 is the specific heat capacity of 

water 

The mass of the water in the tank is a function of the volume 

of water in the tank and is expressed in Equation 18: 

𝑀𝑤 = 𝑉𝑤𝑡 × 𝑝𝑤    (18) 

Wall transmission load 

The amount of heat leakage through the walls Qwall is given 

by Equation 19 (Anthony et al., (2024)  

𝑄𝑤𝑎𝑙𝑙 = 𝐴𝑈∆𝑇       (19) 

Where;  

Qwall  is the amount of heat transfer through the wall; A is the 

surface area of the cooling cabinet, m2;  ∆𝑇 is the change in 

temperature between the inside and the outside of the cabinet; 

U is the overall heat transfer coefficient. 

Product load 

The total amount of sensible heat and latent heat to be 

removed in cooling and freezing a product is given by 

Manahil (2009) in Equation 20: 

𝑄𝑝 = 𝑀𝑝𝐶𝑝(𝑡𝑝 − 𝑡𝑖) + 𝑀𝑝𝐿𝑝   (20) 

where;   

𝑀𝑝 is the mass of product; 𝐶𝑝 is the specific heat capacity of 

product; 𝑡𝑝 is the temperature of the product; 𝑡𝑖 is the cooling 

temperature inside the cabinet; 𝐿𝑝 is the latent heat of freezing 

of product. 

Heat loss due to air infiltration 

Gosney and Olama () reported the formula for computing air 

infiltration as stated in Equation 21. 

𝑄𝑢 = 𝐶𝑖𝑛𝑓𝐴√𝐻 (
𝑝𝑖− 𝑝0

𝑝𝑖
)

1
2⁄

[
2

1+ (𝑝𝑖/𝑝0)
]

3
2⁄
 (21) 

where;   

𝑄 is the volume rate of flow; 𝐶𝑖𝑛𝑓 is the infiltration 

coefficient; 𝐴 is the area of doorway or lid; 𝐻 is the height of 

doorway; 𝜌𝑖 and 𝜌𝑜 are air densities of the cold and warm air 

respectively.  

Refrigeration load 

The system sensible and latent heat which is the mass rate of 

flow multiplied by the difference in enthalpies as show in 

Equations 22   

q = ṁ(ℎ𝑐,𝑜 − ℎ𝑐,𝑖)    (22) 

q = ṁ𝑐𝑝(𝑇𝑜−𝑇𝑖) 

where;  

𝑞 is the refrigeration load; hc,o and hc,I are enthalpies of warm 

air and cold air respectively; 𝐶𝑝 is the specific heat capacity 

of air.  

The total cooling load is the sum of all the components of the 

cooling load, and thus expressed in Equation 23. 

𝑄𝑇 = 𝑄𝑢 + 𝑄𝑝 + 𝑞      (23) 

 

Table 1: Design characteristics of the solar powered adsorption refrigeration 

Parameter  Value  

Collector useful heat gain, kW 

Cooling cabinet area, m2 

0.285 

0.66 

Wall transmission load, KJ 429.7 

Product load, kJ 837.4 

Air filtration load, kJ 11.24 

Total cooling load, kJ 1406.174 

Refrigerating capacity, kW 0.033 

Heat rejected by refrigerant, kJ/kg 1164 

Mass of methanol, kg 1.28 

Volume of methanol, m3 0.00162 

Mass flow rate of methanol, kg/s 0.0000296 

Mass of activated carbon, kg 4.6 

Volume of activated carbon, m3 0.002 

Water storage tank volume, m3 0.034 

Condenser heat, W/m2K 3.43  

Mass of water in tank, kg 26 

Collector overall heat loss coefficient, W/m2K 7.3  

Collector area,  m2 0.36 

Collector efficiency, % 50 

 

System Development  

The hybrid adsorption refrigeration system consisted of a 

solar collector, adsorber bed, evaporator, condenser, hot water 

storage tank, and a cooling cabinet. Methanol served as the 

working fluid and activated carbon as the adsorber. The 

collector is made of an insulated metal box with a 4mm glass 

cover serving as the glazing and, dark-coloured absorber plate 

for greater energy absorptivity. The absorber plate contains 

copper pipes arranged in parallel and connected to two 

headers, one at the top and the other at the base of the parallel 

pipes and this arrangement is brazed onto a hollow metal pipe. 

The absorber plate is coated with black paint for better heat 

absorption. A sheet metal formed into the shape of a 

rectangular box of the required dimensions and insulated with 

fiber glass on both sides and at the base to house the absorber 

plate arrangement, while a 4mm thick transparent glass is 

used for glazing and glazing rubber used to improve the unit 

air tightness. The adsorber bed is made of two concentric 

copper pipes, an outer copper pipe sealed at one end by 

brazing and an inner copper pipe a little longer than the outer 

pipe. The perforated pipe was then made to fit at the center of 

the sealed outer pipe. The space in-between the concentric 

pipes was then filled properly with the mixture of activated 

carbon and methanol to ensure that it is tightly packed after 

which the copper pipes were sealed at the other open end. 

Each of the extended inner pipes was then connected to form 

a single channel. Copper pipe was cut into length as required 

and then rolled into the desired S shape to form the 

evaporator. It was then placed on one side of the aluminum 

surface in the box. A suitable condenser that satisfies the 

design requirement was selected from the market and fixed to 

the system. The water storage tank is of cylindrical cross-
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section. Steel sheet was used as the material for forming the 

tank and painted to prevent rusting. The tank is double 

concentric cylinders sandwiched with a fiberglass insulation 

to minimize heat loss. A drain was provided at the bottom of 

the tank by fitting a pipe that runs through from the surface of 

the inner cylinder to the outer cylinder. Another pipe was 

fitted to one side of the tank to allow the return of water back 

to the tank. The cooling cabinet outer wall was produced from 

galvanized steel sheet and the cooling chamber was produced 

from aluminium sheet to specified dimensions.  

 

Experimentation  

The collector was inclined at location latitude which serves as 

the system tilt angle. The hot water tank was placed on a stand 

9500 mm high close to the collector and the cooling box just 

below the tank. The Rubber hose connects both the inlet and 

outlet of the collector to the tank to enhance the thermo 

siphoning effect. With the adsorber placed mid-way in the hot 

water tank, control valves were used to connect the adsorber 

to the condenser and evaporator. Test performance is 

conducted on three consecutive days in January. A digital 

thermometer capable of measuring temperature in the range 

of -5 to 1350 °C and, monitoring measurement at four 

different points at the same time was deployed. However, 

ambient temperature was obtained from a weather station less 

than 500 m from the test bed rig. On all test days, control 

valves were kept closed from the hours of 8:30 am to 13:30 

am for regeneration temperature to be attained at the adsorber. 

As desorption of methanol starts, the valve that connects the 

adsorber to the condenser is opened while that connecting the 

evaporator is kept closed. The condenser cools the desorbed 

methanol vapour to the ambient temperature and, then flows 

into the evaporator in the cooling cabinet. At reduced solar 

radiation for heating, hot water is drained from the tank and 

replaced with cold water and, the valve connecting the 

condenser to the adsorber is closed and that connecting the 

evaporator to the adsorber is opened. This is to enable the 

absorption of methanol to effect the cooling in the refrigerator 

cabinet.  

 

 
Plate 1: The system assembly of the solar adsorption refrigerator 

 

RESULTS AND DISCUSSION  

In the preliminary test, the initial and maximum water 

recorded temperatures were 22 and 35°C while, that of 

evaporator minimum and maximum were observed to be 21 

and 28 °C respectively. The preliminary experimentation 

noticed no significant cooling in the cabinet. However, drops 

of methanol were detected from the valve connecting the 

adsorber to the condenser signifying that the desorption 

process had occurred. The leakages were then amended and 

similar readings were recorded on the next three consecutive 

test days. Figures 1 to 3 are the graphs showing the 

relationships of the temperatures for various units of the 

system and the time of the day. The obtained maximum 

condenser and water tank temperatures were 30 and 31 °C on 

the first and third day respectively. To obtain higher 

condenser temperatures, it is evident that the solar collector 

needs to be heated to a higher adsorbent temperature. Though, 

it should be lower than 100°C. There is noticeable progressive 

cooling from day one to three (figures 1-3). The system 

cooling cabinet containing 5 litres of water attained a 

temperature of 13 °C after 56 hours of the experiment from an 

initial temperature of 22 °C indicating a temperature reduction 

of about 41 % indicating a 0.47 system cooling coefficient of 

performance. The computed coefficient of performance from 

observed data varies slightly lower than that of the estimated 

theoretical which was put at 0.51. The low cooling coefficient 

of performance achieved is ascribed to the cloudy sky 

condition during the test period which was characterized by 

harmattan haze, low effectiveness of activated carbon 

adsorption due to the brazed temperature of copper tubes, and 

heat losses during temperature measurement. The 

experimental trend of this work agrees with that of 

Akinbisoye and Odesola (2013) who obtained 15 °C for 

evaporator pipes for a solar-powered adsorption ice maker 

using activated carbon/methanol pair for received peak solar 

radiation of 926 W/m2 at 14:00 hours in Ibadan. Umar and 

Aliyu (2008) simulated work of a single glazed 

collector/absorber/generator unit revealed the possibility of 

ice-making under climatic conditions of Kano with an average 

solar coefficient of performance of 0.78 and, in agreement 

with values found in the literature. 
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Figure 1: Variation in temperature at various units of the system for day one 

 

 
Figure 2: Variation in temperature at various units of the system for day two 

 

 
Figure 3: Variation in temperature at various units of the system for day three 

 

CONCLUSION  

The obtained results indicate the feasibility of solar adsorption 

refrigeration in the tropics amidst poor weather conditions. 

The solar- powered adsorption would have performed 

maximal under sunny sky conditions or with an auxiliary 

heating source. Besides, the brazed temperature of copper 

tubes rendered partially ineffective the activated carbon 

adsorption capability in addition to heat losses during periods 

of temperature measurement. The variation in the computed 

cooling coefficient of performance to that found from the 

theoretical estimate is due to differences in experimental data 

and values used for design analysis. The implementation of 

solar adsorption refrigeration will curb the use of 

conventional refrigeration, save energy; reduce recurrent 

bills, and ozone layer depleting chlorofluorocarbons (CFCs).  

 

REFERENCES 

Akinbisoye, O. B and Odesola, I. F (2013). Experimental 

Study of Absorptive Solar Powered Refrigerator in Ibadan, 

Nigeria-1: Performance in Actual Site. International Journal 

of Engineering and Technology, 3 (3), 381-389. 

 

Allouache, N. (2013). Numerical Modelling of an Adsorption 

Solar Cooling System.   Proceedings of the World Congress 

on Engineering, Vol. III, London, U.K. 

https://iaeng.org/publication/WCE2013/WCE2013_pp1959-

1963.pdf 

 

Amritpal Singh (2012). Mathematical Modeling for 

Thermohydraulic Performance of Wire Mesh Packed Bed 

Solar Air Heater.  Published M.Sc Thesis, Thapar University, 

Patiala. Mathematical modeling for thermohydraulic 

0

5

10

15

20

25

30

35

40

08:30 09:30 10:30 11:30 12:30 13:30 14:30 15:30 16:30

Te
m

p
e

ra
tu

re
 (
°C

)

Time (Hours)

Ambient

Water tank

Condenser

Evaporator

0

5

10

15

20

25

30

35

08:30 09:30 10:30 11:30 12:30 13:30 14:30 15:30 16:30

Te
m

p
e

ra
tu

re
 (
°C

)

Time (Hours)

Ambient

Water tank

Condenser

Evaporator

0

5

10

15

20

25

30

35

08:30 09:30 10:30 11:30 12:30 13:30 14:30 15:30 16:30

Te
m

p
e

ra
tu

re
 (
°C

)

Time (Hours)

Ambient

Water tank

Condenser

Evaporator

https://www.iaeng.org/publication/WCE2013/WCE2013_pp1959-1963.pdf
https://www.iaeng.org/publication/WCE2013/WCE2013_pp1959-1963.pdf
https://www.semanticscholar.org/paper/Mathematical-modeling-for-thermohydraulic-of-wire-Singh-Mittal/2446f1302170234f0885f7d948b8c98e486c185f


DEVELOPMENT AND TESTING OF A SOL…            Abur et al., FJS 

FUDMA Journal of Sciences (FJS) Vol. 9 No. 3, March, 2025, pp 373 – 378 378 

 ©2025 This is an Open Access article distributed under the terms of the Creative Commons Attribution 4.0 
International license viewed via https://creativecommons.org/licenses/by/4.0/ which  permits  unrestricted  use,  
distribution,  and  reproduction  in  any  medium, provided the original work is cited appropriately.  

performance of wire mesh packed bed solar air heater. | 

Semantic Scholar 

 

Anjorin, S. A. and Bello, E. I. (2016). Performance Evaluation 

Of A Solar Powered Solid Adsorption Refrigerator Under A 

Tropical Humid Climate. European Journal of Engineering 

and Technology, 3 (4), 43-56. 

 

Anthony Joachim Omeiza, Ayo Samuel Adinoyi, Enebe 

Vincent and Benjamin Ternenge Abur (2024). Design, 

Construction and Performance Evaluation of an Integrated 

Refrigerator and Air-Conditioning System for Domestic 

Application. International Research Journal of 

Modernization in Engineering Technology and Science, 6 (7), 

4294-4300. 

 

Benjamin Ternenge Abur (2023). Sensible Heat Storage 

Performance of Volcanic Gravels in Benue State for Solar 

Dryer Application. Unpublished PhD Dissertation, Abubakar 

Tafawa Balewa University, Bauchi.  

 

Benjamin Ternenge Abur, Habou Dandakouta, Adisa, A. B., 

and Ejilah, R. I. (2019).  Parametric study for Solar Dryer 

Design. Discovery, 55(284), 430-440.  

 

Du, W. P., Li1, M., Wang, Y. F., He, J. H.  and He, J. X. 

(2017). Design of Solar Adsorption Refrigeration System 

with CPC and Study on the Heat and Mass Transfer 

Performance. IOP Conference Series: Earth and 

Environmental Science 93, pp. 1-9.  

 

Emmanuel Enemona Oguche, Isa Garba, Jimoh, M. T. and 

Benjamin Ternenge Abur (2020). Solar Thermal Sensible 

Heat Storage: Prospects. Research. Inventy: International 

Journal of Engineering and Science, 10 (4), 10-19. 

 

Gideon Ayuba Duvuna (2016). Development of an Active 

Solar Flat Plate Collector for Clinical Applications. 

Unpublished, PhD Seminar Series. Abubakar Tafawa Balewa 

University Bauchi.  

 

Hildbrand, C., Dind, Ph. and Buchter, F. (2002). A New Solar 

Powered Adsorption Refrigerator With High Performance.  

Article paru dans EUROSUN 2002, ISES Europe Solar 

Congress, Bologna, June 23-26 2002, ed. ISES Italia, Roma. 

https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf

&doi=24d3a6cf4b8f51972a30ca92cee9e409f324afe0 

 

Khattab, N.M. (2004). A Novel Solar-Powered Adsorption 

Refrigeration Module. Applied Thermal Engineering, 24, 

2747–2760 

 

Likta, E. W. (2023).  Evaluation of Solar Energy Potentials 

for Power Energy Generation In Maiduguri, Borno State. 

FUDMA Journal of Sciences, 7(3), 223 - 231. 

 

Manahil Zaki A/Wahab Ali (2009). Design and Construction 

of a Continuous Solar Absorption Refrigeration Unit. 

Published PhD Thesis, University of Khartoum, Sudan. 

https://core.ac.uk/download/pdf/71675753.pdf  

 

Miguel Ramos, Rafael L. Espinoza and Manfred J. Horn 

(2003). Evaluation of a Zeolite-Water Solar Adsorption 

Refrigerator.  ISES Solar World Congress, Göteborg, 

Sweden. 

https://sites.engineering.ucsb.edu/~yuen/references/reg-9.pdf 

 

Mohand Berdja, Brahim Abbad, Ferhat Yahi, Fateh 

Bouzefour and  Maamar Ouali (2014). Design and Realization 

of a Solar Adsorption Refrigeration Machine Powered by 

Solar Energy. Energy Procedia, 48, 1226-1235. 

 

Norhafizah Ahmad Junaidi and Tohru Suwa (2016). Solar-

Powered Adsorption Refrigeration Cycle Optimization. 

Jurnal Teknologi, 78 (5-8), 101–107. 

 

Rekiyat Suleiman, Clement Folayan, Fatai Anafi and 

Dangana Kulla (2012). Transient Simulation of a Flat Plate 

Solar Collector Powered Adsorption Refrigeration System. 

International Journal of Renewable Energy Research, 2 (4), 

657-664. 

 

Rifat Ara Rouf., Amanul Alam, K. C., Hakim Khan, M. A.,  

Bidyut Baran Saha., Meuniere, F.,  M. Abdul Alim and K. M. 

Ariful Kabir (2014). Advancement of Solar Adsorption 

Cooling by Means of Heat Storage.  Procedia Engineering, 

90, 649 – 656. 

 

Umar, M and Aliyu, A. B (2008).  Design and 

Thermodynamic Simulation of a Solar Absorption Icemaker.   

Continental Journal of Engineering Sciences, 3, 42-49.  

 

 

 

 

 

 

 

 

 

 

 

 

 

https://creativecommons.org/licenses/by/4.0/
https://www.semanticscholar.org/paper/Mathematical-modeling-for-thermohydraulic-of-wire-Singh-Mittal/2446f1302170234f0885f7d948b8c98e486c185f
https://www.semanticscholar.org/paper/Mathematical-modeling-for-thermohydraulic-of-wire-Singh-Mittal/2446f1302170234f0885f7d948b8c98e486c185f
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=24d3a6cf4b8f51972a30ca92cee9e409f324afe0
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=24d3a6cf4b8f51972a30ca92cee9e409f324afe0
https://core.ac.uk/download/pdf/71675753.pdf
https://sites.engineering.ucsb.edu/~yuen/references/reg-9.pdf

