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Abstract: Amidst the ongoing maintainable energy revolution, reducing energy consumption in vapor absorption refrigeration 
system (VARS) has become a critical application part. Over the past several decades, extensive research has been devoted to 
these systems. This study presents a thorough classification and review of the existing literature on magnetized refrigeration 
systems, specifically focusing on VARS. The paper explores the effects of magnetic fields on fluid flow interactions, categorizing 
the research into Electro-Hydrodynamics (EHD) and Magneto-Hydrodynamics (MHD). It highlights the distinctive impacts of 
magnetic fields on the thermophysical properties of electrically conducting fluids. Additionally, the article delves into the 
fundamental mechanisms behind the influence of magnetization on these properties. The review encompasses experimental 
studies conducted over the last two decades regarding the effects of magnetization on VARS. 
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I. INTRODUCTION 
Use of magnetic treatment is recognised for inducing the characteristics of several materials, mainly producing modifications in 
temperature. The main source behind mentioned behaviour is the magneto-caloric effect (MCE), which includes an upsurge in 
temperature when a magnetization is given and a consequent decrease once the contact is detached, affecting the thermodynamically 
properties, such as entropy and heat content of the material. Fig. 1 illustrates phases of magnetic refrigeration cycle established on 
MCE. Though the influences of magnetic treatment on fluids remain partially unexplored, it is well-established that exposure to a 
magnetization induces substantial changes in their behaviour. 
A wealth of literature supports the notion that magnetic fields can influence thermodynamic properties. Many investigations have 
examined the application of magnetization to improve efficiency across diverse fields, including water treatment, fuel lines, diesel 
engines, oil processing, refrigeration, and natural gas furnaces [2-7]. The effect of magnetization on VARS was originally witnessed 
by researcher Niu Xiaofeng in 2007 during a numerical analysis of falling film absorption with ammonia–water in magnetic field on 
the impact of magnetic treatment of refrigerant blends [8]. 

 
Fig. 1 Phases of magnetic refrigeration cycle established on MCE [1] 
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In the last two decades, there has been a growing interest in the advancement of MHD technology, marked by both theoretical and 
practical innovations. However, the commercialization of this technique has not kept pace with its development. Examining recent 
breakthroughs in MHD technology is crucial for understanding its evolution and setting the stage for future advancements. 
Importantly, there is a noticeable gap in the literature regarding review articles that specifically address the impact of MHD on 
refrigerants and the subsequent enhancements in refrigeration system performance. The magnetic treatment of conductive fluids and 
its potential for optimizing system efficiency have garnered significant attention from researchers in the MHD field, making a 
thorough discussion necessary. 
The primary aim of this study is to provide an extensive classification of fluid interactions with various magnetic fields, presenting a 
detailed analysis of both experimental and theoretical research on the effects of MHD on electrically conducting fluids in recent 
years. Furthermore, the paper includes an in-depth review of MHD applications in VARS. A thorough assessment of MHD's effects 
on water is also conducted, emphasizing key benefits and exploring potential research directions. This work is designed to be a 
valuable resource, offering critical insights for researchers in the field and establishing a solid groundwork for future studies. 

 
II. IMPACTS OF MAGNETIC FIELDS ON THE BEHAVIOUR OF WATER 

This section examines research results concerning the impact of magnetization on electrically conductive fluids, such as water, and 
discusses their potential implications for a range of applications. 
 
A. Overview of Fluid-Magnetic Field Interactions 
While the investigation of magnetic field effects on electrically conductive fluids is still evolving, it is clear that substantial changes 
occur when these fluids move through magnetic fields. This study categorizes fluid interactions with magnetic fields into two main 
areas: Electro-Hydrodynamics (EHD), which examines the influence of electric forces, and Magneto-Hydrodynamics (MHD), 
which focuses on the effects of magnetization on electrically conducting fluids. Additionally, the interplay between electric fields 
and magnetization in electrically conductive fluids, also known as magnetic fluids, is addressed under the umbrella of Electro-
Magneto-Hydro-Dynamics (EMHD) [9]. The classification of interactions between electrically conducting fluids and various 
magnetic exposures is illustrated in Fig. 2. 

 
Fig. 2 Categorization of fluid-magnetic interactions [5] 

 
B. The role of MHD in shaping the thermophysical properties of fluids 
The study of interactions between electrically conductive fluids and magnetic fields produced by permanent magnets is known as 
Magneto-Hydrodynamics. When such a fluid moves through a stationary external magnetic field applied perpendicularly, it 
generates electrical currents within the fluid. These induced currents then interact with the external magnetic field, resulting in a 
magnetic force that alters the heat transfer characteristics. 
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The application of a magnetic field interferes with molecular clusters, resulting in modifications to the thermophysical properties of 
electrically conductive fluids. This includes variations in surface tension, boiling point, specific heat, viscosity, thermal conductivity, 
and other related characteristics. Table 1 illustrates the effects of magnetization on the thermophysical properties of fluids. Fig. 3 
depicts how magnetization causes the de-clustering of conducting fluids, leading to the formation of smaller particles and Fig. 4 
shows dependency of fluid properties on covalent bond. 

 
Fig. 3 Breaking of molecular cluster via magnetic exposure [10] 

 

 
Fig. 4 Importance of covalent bond in electrically conducting fluids 

 
TABLE 1 

Influence of magnetization on thermophysical characteristics of different fluids with weak electrical conductivity 

S.N. Investigators Fluids Magnetic treatment Main properties Findings 

01 Tung et.al. [11] Crude Oil 
Permanent magnets 
(up to 0.85 Tesla) 1. Viscosity. 

1. Decrease in the viscosity of 
crude oil. 

02 Tipole et al. [12] Diesel fuel Permanent magnets 
(0.3 Tesla). 

1. Viscosity 
1. The disruption of molecular 
clusters leads to a decrease in the 
viscosity of the fuel. 

03 Niu, et al. [13] 
NH4OH 
solution 

Electromagnet 
(0.1326 to 0.2613 
Tesla) 

1. Viscosity 
2. Heat 
conductivity 

1. A reduction in viscosity, 
conversely, results in an increase 
in heat conductivity. 

04 Wang et al.[14] Tap H2O 

Permanent magnets 
(0.1 Tesla, 0.2 Tesla, 
0.3 Tesla, & 0.4 
Tesla). 

1. Specific heat 
2. Boiling point 

1. Decrease in the specific heat 
and boiling point of tap water  

05 Tipole et al. [15]  R-404A 
Permanent magnets 
(0.3 Tesla). 1. Viscosity 1. Drop in the viscosity  

06 Deshmukh et al. 
[10] 

R-134a 
Permanent magnets 
(0.3 Tesla and 0.72 
Tesla) 

1. Viscosity 1. Magnetic exposure reduces 
viscosity of refrigerant. 
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III. THE ROLE OF MAGNETIZATION IN ENHANCING VARS PERFORMANCE 
Absorption refrigeration technology has emerged as a compelling alternative to traditional vapor compression refrigeration systems 
(VCRS), attracting growing interest from researchers and engineers in recent years. This method harnesses thermal energy—sourced 
from low-grade energy reservoirs or solar power—to provide cooling, offering versatility, such as utilizing waste heat from an 
internal combustion (IC) engine [16]. The essential components of VARS include the generator, pump, absorber, solution heat 
exchanger, condenser, expansion valves, and evaporator, as illustrated in Fig. 5. 

 
Fig. 5 Graphic representation of VARS [17] 

 
Numerous studies, such as those conducted by Niu et al. [18-20] and Jadhav et al. [21], have demonstrated the effectiveness of using 
magnetic fields to improve the performance of VARS. Table 2 summarizes the effects of magnetization on VARS performance. 
Niu et al. [18] performed a numerical study examining the effects of magnetization on the absorption process using a mathematical 
model for ammonia-water falling film absorption. This model accounts for macroscopic magnetic field forces while incorporating 
changes in the physical properties of the ammonia-water solution during absorption, variations in film thickness, and convection 
within the liquid film. The numerical findings reveal that the magnetic field positively influences ammonia-water falling film 
absorption. Notably, with a magnetization strength of 3 T at the solution's inlet, there is a 1.3% increase in the concentration of the 
ammonia-water solution at the outlet, leading to a 5.9% improvement in absorbability. In a basic ammonia-water absorption 
refrigeration system, the coefficient of performance (COP) increases by 4.73%, alongside an 8.3% decrease in the circulation ratio. 
Niu et al. [19] conducted an experimental study on ammonia-water falling film absorption subjected to magnetic fields of varying 
strengths, orientations, and operational conditions. The results demonstrated that, under a downward magnetic field, the outlet 
concentration of the ammonia-water solution, the outlet temperature of the cooling water, and the rates of heat and mass absorption 
were significantly higher compared to those observed in the absence of a magnetic field. In contrast, these parameters decreased 
under an upward magnetic field. This indicates that a magnetic field aligned with the direction of the falling film facilitates 
enhanced absorption, while a field opposing the film direction hampers the absorption process. Furthermore, the findings revealed 
that the effects of magnetization on absorption are more pronounced in solutions with lower inlet concentrations. 
Niu et al. [20] examined the effects of magnetic exposure on ammonia absorption within an ammonia-water absorption refrigeration 
system. Their experimental study focused on how the viscosity and thermal conductivity of the ammonia-water solution were 
affected by the presence of a magnetic field. Magnetization was applied using an electromagnet with intensities ranging from 1326.4 
to 2613.5 Gauss, with durations of 10, 20, and 30 minutes tested. The findings indicated that magnetization resulted in a reduction in 
the viscosity of the ammonia-water solution, with more pronounced decreases occurring at higher magnetic field strengths and 
longer exposure times. Conversely, the thermal conductivity improved with extended magnetization durations and increased 
magnetic intensity. These alterations in viscosity and thermal conductivity were attributed to the Lorentz force and the disruption of 
hydrogen bonding within the microstructure of the magnetized ammonia-water solution 
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Odunfa et al. [22] investigated methods to enhance absorption in refrigeration systems, specifically focusing on the role of 
magnetization. This research introduces a model for improving magnetization in ammonia-water absorption systems, utilizing a 
numerical approach based on a finite difference scheme derived from conservation equations and mass transport principles. The 
momentum equation was augmented to include a macroscopic magnetic field force. The model was validated against existing 
literature data. The study examined the variations in the physical properties of the ammonia solution during the absorption process, 
both in the direction of the falling film and throughout its thickness. The results indicated that magnetization positively influenced 
ammonia-water falling film absorption, with improved absorption performance associated with higher magnetic intensities. 
Remarkably, the coefficient of performance (COP) of a basic ammonia solution absorption refrigeration system showed increases of 
1.9% and 3.6% for magnetic inductions of 1.4 and 3.0 Tesla, respectively. 
Triché et al. [23] performed extensive experimental and numerical studies on heat and mass transfer within a falling film absorber, 
using a plate heat exchanger designed for ammonia-water absorption. The research involved a prototype ammonia-water absorption 
chiller (illustrated in Fig. 6) to analyze absorber performance under real operating conditions. The ammonia-water solution flowed 
along the plates in a falling film configuration, while vapor flowed co-currently and the coolant fluid flowed counter-currently. The 
study provided a concise overview of the absorber’s operation, supported by analyses based on temperature measurements along the 
falling film. To enhance their experimental findings, the researchers developed a mathematical model and simulation tool, 
conducting a parametric study that examined the influence of coolant mass flow rates. Validation of the model against experimental 
data revealed a maximum relative error of 15%. The results indicated that mass transfer during the absorption process is 
predominantly influenced by the resistance to mass transfer in the falling film, while the liquid-side heat transfer resistance plays a 
negligible role. 

 
Fig. 6 Prototype of an ammonia-water absorption chiller [23] 

 
Wu and Ortiz et al. [24] conducted an experimental investigation into the enhancement of vapor absorption refrigeration systems 
(VARS) through the application of magnetization, which facilitates the slip movement of nanoparticles within a nanofluid. The 
experiments took place in an adiabatic falling film absorber, utilizing a mixture of lithium bromide (LiBr)-water solution and iron 
(III) nanopowder, with particle sizes below 50 nm and a mass fraction of 0.17%. The findings indicated that vapor absorption rates 
increased by 17.6% and 4.9% when the nanofluid was circulated at flow rates of 3 L/min and 3.5 L/min, respectively, compared to 
the base fluid. Furthermore, the application of external magnetic fields significantly enhanced the movement of nanoparticles within 
the fluid, resulting in vapor absorption rates that were 1.58 times and 1.32 times higher than those observed without magnetic 
influence, for circulation rates of 3.5 L/min and 3.0 L/min, respectively. 
Jadhav et al. [21] introduced a simulation model designed to analyze and predict magnetization patterns and magnetic flux density 
within pipes. The study explores various magnet configurations, such as series, parallel, and Halbach arrays, and assesses their 
corresponding magnetic flux densities and magnetization strengths along the pipes. By utilizing electromagnetic field simulation 
software, the researchers calculated a range of magnetic fields and circuit parameters, resulting in accurate insights into optimal 
magnet configurations. For the experimental work, neodymium-35 type magnets with consistent magnetic strength were used. The 
insights gained from the different magnetic arrangements are anticipated to aid in the selection of suitable magnet configurations for 
diffusion absorption refrigeration systems, presenting viable alternatives to traditional vapor compression refrigeration systems for 
domestic cooling applications. 
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Table 2 
Influence of magnetization on performance of VARS 

S.N. Researcher Primary fluid Magnetization Key factors Magnetization imapacts 

1 Niu et al. [18] NH4–H2O 0 to 30000 G 

1.Absorbability 
2.COP 
3.Circulation ratio  
 

1. A 5.9% improvement in 
absorbability. 

2. The coefficient of performance 
(COP) increases by 4.73%. 

3. An 8.3% decrease in the 
circulation ratio. 

2 Niu et al. [19] NH4–H2O 0 to 2000 G 

1.Outlet concentration of 
ammonia–water, 
2.Cooling water outlet 
temperature, 
3.Absorption heat and 
mass 

1. In a downward magnetization, 
the concentration of NH4–H2O at 
the outlet, the temperature of the 
cooling water at the outlet, and 
the rates of heat and mass 
absorption are all higher than 
those observed without 
magnetization. 

3 Niu et al. [20] NH4–H2O 0.1326 to 0.2613 T 1.viscosity 
2.Heat conductivity 

1. Drop in viscosity 
2. Enhancement in heat 
conductivity 

4. 
Jadhav et al. 
[21] NH4–H2O 1000 to 6000 G 1.Heat absorption  

1. Halbach array improves heat 
absorption in contrast with other 
configurations 

5 Odunfa et 
al.[22] 

NH4–H2O 14000 G and 30000 G    
1. COP 

1. The coefficient of performance 
(COP) of a basic ammonia 
solution absorption refrigeration 
system showed increases of 1.9% 
and 3.6% for magnetic inductions 
of 14000 Gauss and 30000 
Gauss, respectively. 

6 
Wu and Ortiz 
et al. [24] NH4–H2O -------- 

1.vapour absorption 
rates 

1. Increase in vapour absorption 
rate. 

 
IV. CONCLUSIONS 

This review article thoroughly investigates how magnetic exposure affects electrically conductive fluids, particularly in relation to 
their applications in VARS. It also delves into the underlying reasons for the alterations observed in the thermophysical properties 
of these fluids. 
Several key conclusions drawn from this article include: 
1) Numerous applications, particularly in VARS, can benefit from magnetic treatment in terms of heat transfer, refrigerant 

properties, and overall performance, encouraging upcoming investigators to further explore this encouraging area. 
2) Greater attention needs to be directed toward experimental studies examining the effects of magnetization on electrically 

conducting fluids. 
3) While many researchers have studied the effects of magnetic pairs on refrigeration system performance, there is a growing 

necessity to investigate alternative configurations, such as ring magnets and Halbach arrays. 
4) Most research efforts have focused on improving system performance, with inadequate attention given to environmental 

considerations. Therefore, it is essential to place more emphasis on the development of eco-friendly magnetized VARS. 
5) The influence of magnetism and magnetization on VARS is still regarded as a relatively unexplored and not well-understood 

subject. The effects of magnetism and magnetic treatment on VARS remain a largely uncharted and poorly understood area of 
study. 
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