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Abstract. This paper enables a simulation model for analyzing and predicting magnetic ﬁeld patterns and their
magnetic ﬂux density on the pipe. Different types of arrangements of magnets like series, parallel, and Halbach
arrays are utilized and their magnetic ﬂux density and magnetic ﬁeld intensity are compared on the respective
pipes. Electromagnetic ﬁeld simulation software calculates different magnetic ﬁelds and circuit parameters.
Using this software, accurate results can be obtained such as the perfect arrangement of magnets and so on. For
this experimentation, Neodymium-35 type magnets are used which have appropriate and stable magnetic
strength as compared to other magnets. Diffusion absorption refrigeration systems can also be used alternatively
in domestic refrigeration, thus replacing conventional vapor compression refrigeration systems. Thus, results
obtained by using different magnetic arrangements will be highly beneﬁcial to choose the proper magnetic
arrangement in diffusion absorption refrigeration system for various cooling applications.
Keywords: Ammonia-water bond / electromagnetic simulation / Neodymium-35

1 Introduction
The vapor absorption system for cooling and heating is one
of the older techniques which has more energy efﬁcient
compared to conventional cooling systems. The vapor
absorption system is driven by thermal energy rather than
electrical energy which causes the system to save more
energy. The mechanical-driven cooling technology consumes more power for operation and its impact on the
environment is high. The absorption system was introduced and developed to address the energy crisis and
environmental problems associated with conventional
cooling systems.
The conventional cooling system is used in the
automotive to remove the inner heat to make thermal
comfort. This system extracts more energy to power the
compressor and the same action is reﬂected reversely in the
mileage. The replacement of the conventional cooling
system by a diffusion absorption system that operates on
waste energy reduces the power loss as well as produces
extra work to run the engine. The excess energy available in
the exhaust ﬂue gases is used as the heat input to the
diffusion absorption system. Many researchers studied the
possibilities to reduce the obstacles associated with
diffusion absorption systems and proposed different ideas
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for the development of an environmentally friendly cooling
system. Carlos Amaris et al. [1] studied vapor absorption
systems for cooling or heating applications by implementing effective techniques. It was majorly focused on the
conﬁguration of an absorber of working ﬂuid at different
operating conditions for different absorption models. It
should enhance the thermal resistance and heat transfer
than that of the falling ﬁlm, spray, and bubble absorbers.
Hui Zhao et al. [2] obtained the salt generation capacity
and performance parameter of the absorption refrigeration
system using a capacitance deionized regeneration system.
The result indicates that the capacitance of deionized
water increases the coefﬁcient of performance of the system
should increase for the salt regeneration capacitance
method. Emil Chibowski et al. [3] reviewed on magnetic
ﬁeld effect on the water during their experimentation. They
found that the water gradient was strengthening because of
the magnetic ﬁeld introduced in the water ﬁeld. The
magnetic ﬁeld was introducing at the inlet of the generator
enhances the refrigeration effect, the hydrogen bond, and
the water evaporation temperature ﬁeld. . Pralhad Tipole
et al. [4] used a magnet with 3000 gausses to analyze the
effect in a vapor compression system with R404A as
working ﬂuid. Bhavesh Patel et al. [5] optimized the
performance and capital cost by cogeneration system with
organic ﬂuid. It was stated that as evaporator temperature
increases, the capital cost of the system decreases. S. A.
Zonouzi et al. [6] reported the effect of the magnetic ﬁeld on
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Fig. 1. Electromagnetic ﬁeld simulation (EMS) software.

the nanoﬂuid and found a reasonable enhancement in the
heat transfer coefﬁcient. Siyuan Mei et al. [7] introduced a
magnetic ﬁeld on Fe3O4-water nanoﬂuid and studied its
thermal effects. Xiao Feng Niu et al. [8] found the
absorption enhancement with a magnetic ﬁeld. The
experimental study with different intensities as well as
different directions showed a stronger impact on absorption behavior. Siyuan Mei et.al [7] observed the enhancement in the nusselt number due to the magnetic effect.
Wang et al. [9] reported the changes in the properties of
working ﬂuid with a magnetic ﬁeld. The magnetization
changed the speciﬁc heat and boiling point of the working
ﬂuid. Dongdong Feng et al. [10] improved mass transfer in
CO2 absorption with the help of high-intensity magnets.
Agata Czernuszewicza et.al [11] studied the magnetization
effect to improve the system performance. This paper
experimentally studied to use of the waste energy from the
exhaust of stationary engines to produce a refrigerating
effect. The results obtained can also be improved by using
various magnetic arrangements such as a circular array,
linear Halbach array in series, and parallel arrangements.
Optimization of different magnetic arrangements is done
using Electromagnetic stimulation (EMS) software. Currently, the diffusion absorption refrigeration system is not
using heat as an input. In abroad countries, the DAR
systems are available in the market but working on highgrade energy i.e. electricity. So, experimentation is done on
reutilizing the waste heat from the exhaust of internal
combustion engines to obtain Refrigerating Effect along
with magnetic ﬁeld utilization.

2 Electromagnetic simulation (EMS)
software
Electromagnetic simulation (EMS) software provides a
platform to analyze the electrical and magnetic effects with
more accuracy. This software is integrated with design
modules like Solid works and Autodesk which help us to do
simulations without any modiﬁcations. This Multiphysics
software enables us to couple magnetic and thermal
analyses without any additional inputs. The magnetic
ﬂux density and intensity were the main output of each
study. This software is equipped with many technical
advantages including magnetic saturation and minimizing
the cogging torque. The application of this software
extended to the study of the charging behavior of electrical
vehicle batteries, micro electro mechanical system study,
and biomedical applications. Figure 1 shows the working
view of the Electromagnetic simulation (EMS) software.

3 System description
The objectives and Scope of this experimentation are as
follows:
– To achieve refrigerating effect by vapor absorption
refrigeration system rather than using traditional vapor
compression refrigeration system.
– To recover waste energy from the exhaust and run an air
conditioning system.
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Fig. 2. DAR system and location of magnets on set up.

Fig. 3. Circular array.

– To enhance the various parameter of the vapor
absorption refrigeration system using different arrangements of magnetic ﬁeld i.e. circular, series, and parallel
Halbach array.
As shown in Figure 2, the experimental setup of the
vapor absorption system has the following components:
–
–
–
–
–

Absorber
Generator
Air cooled condenser
Temperature indicators
Energy meter

4 Results and discussions
While selecting the different arrays for comparison, several
trials with Halbach circular array, with all magnets facing
towards the pipe, few magnets arranged clockwise and few

Fig. 4. Magnetic ﬂux density circular array.

in an anticlockwise direction, linear Halbach array in series
and parallel arrays were taken. Among these, all trials,
circular array, linear Halbach array in series, and parallel
arrangement are taken for comparison. The magnetic ﬂux
density and magnetic ﬁeld intensity are compared. The
results of various arrangements are discussed below.
4.1 Circular array
Figure 3 shows the arrangement of magnets with their
directions i.e. coercivity in EMS software and the magnetic
ﬂux density in Tesla in the right picture. All magnets are
arranged to keep the N pole facing away and the S pole
towards the pipe. As shown in Figure 4, the magnetic ﬂux
density is evenly distributed around the center along with
symmetry in ﬂux lines but the value is very low. This value
of magnetic ﬂux density has occurred in the range of 0.1 to
0.6 Tesla which is very less as compared to series and
parallel Halbach arrays.
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Fig. 5. Magnetic ﬁeld intensity.

As shown in Figure 5, the value of Magnetic Field
Intensity is moderate but less as compared to series and
parallel Halbach arrays. The value of Magnetic Field
Intensity varies in the range of 3.609e+5 to 6.495e+6.
These values of magnet magnetic ﬂux density and
Magnetic Field Intensity in the circular array are less
because the mixture of NH3-H2O which is passing through
the pipe is having very less access to the magnetic ﬁeld.
Hence, there is less effect of magnetic ﬁeld on mixture
properties. Because of this reason, the circular array cannot
be utilized for experimentation. Magnetic Field Intensity is
fully directed at the core of the pipe which can be observed
by the direction of magnetic ﬁeld lines. But the value of
magnetic ﬁeld intensity i.e. average of all the lines is not
sufﬁcient enough to break the NH3-H2O bond.

direction and all ﬁve magnets are ﬁxed together. The value of
magnetic ﬂux density can be calculated accurately by taking
an average of values shown in the value bar.
Figure 7 shows the direction of magnetic ﬁeld lines along
with their magnetic ﬁeld intensity in Amp/m. For Linear
Halbach Array the magnetic ﬁeld intensity is quite high only
on one side and weak on another side of the magnetic array.
Hence, a single array will not be effective for lowering the
boiling point of the NH3-H2O mixture which is ﬂowing
through the pipe. On the other side, the magnetic ﬁeld effect
can be enhanced by arranging two sets of Halbach arrays
either in series or parallel. Hence, the linear Halbach array
gives a scope of utilizing the two magnetic arrangements i.e.
series and parallel arrays.
Results for Linear Halbach Array

Results for Circular Array
Magnetic Flux Density (Tesla)
Magnetic Field Intensity (Amp/m)

0.1 0.6
3.609e+5–6.495e+5

Magnetic Flux Density (Tesla)
Magnetic Field Intensity (Amp/m)

0.233 0.436
4.67e+5– 9.5e+5

4.3 Linear Halbach array in a series arrangement
4.2 Linear Halbach array
Figure 6 depicts the amount of Magnetic Flux Density (Tesla)
i.e. no. of Magnetic ﬂux lines per m2. As observed in Figure 6,
there is more magnetic ﬂux intensity at the junction of the two
magnets. The arrangement of the linear Halbach array is done
in such a manner that the N pole rotates in an anticlockwise

As shown in Figure 8, both sets of linear Halbach arrays
are arranged linearly along the circumference of the pipe
i.e. the magnets are tangent to the outer surface of the
pipe. Both sets of linear Halbach arrays are placed on
the pipe in such a manner that their strong side is facing
the pipe and the weak side away from the pipe. As shown

S.M. Jadhav et al.: Int. J. Simul. Multidisci. Des. Optim. 13, 20 (2022)

5

Fig. 6. Magnetic ﬂux density for linear Halbach array.

Fig. 7. Magnetic ﬁeld intensity for linear Halbach array.

in Figure 9, the direction of magnetic ﬂux lines in the
simulation depicts that the number of lines crossing the
inner surface of the pipe is moderate and the magnetic
ﬂux lines at the circumference are densely distributed
along the outer side of the pipe. But, the magnetic effect
can be enhanced by arranging two sets of linear Halbach
array in series. The value of Magnetic Flux Density is in
the range of 1.2 to 2.95 Tesla. This value is more than
that of the circular array and less than that of the

linear Halbach array in a parallel arrangement. The value
of magnetic ﬁeld intensity varies from 6.46e+5 to
1.01e+6 Amp/m.
Results for series Halbach Array
Magnetic Flux Density (Tesla)
Magnetic Field Intensity (Amp/m)

0.9–1.7
6.46e+5

1.01e+6
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Fig. 10. Parallel Halbach array.
Fig. 8. Series Halbach array.

Fig. 9. Magnetic ﬂux density for series Halbach array.

4.4 Linear Halbach array in a parallel arrangement

Results for Parallel Halbach Array

Figure 10 shows the linear Halbach array in a parallel
arrangement. For Halbach Arrays, the direction of the
magnets is rotated by 90° in an anticlockwise direction. The
value of magnetic ﬂux density varies in the range of 1.2 to 2.95
Tesla and magnetic ﬁeld intensity ranges from 9.57e+5 to
1.34e+6 Amp/m. In comparison with circular and linear
Halbach array in a series arrangement, a linear Halbach
array in parallel arrangement gives better results in magnetic
ﬂux density and magnetic ﬁeld intensity. The reason behind
these better results is the arrangements of Halbach arrays.
Both sets of magnetic arrays are mounted facing each other
which forms a considerably strong magnetic ﬁeld. The
mixture of NH3-H2O ﬂows through this strong magnetic
ﬁeld. Hence, there are considerable changes in the physical
properties NH3-H2O mixture. The bond between the NH3
and H2O gets weakened and the ultimate effect is the
reduction in the boiling point of the NH3-H2O mixture.
Hence, a linear Halbach array in a parallel arrangement is
recommended for performance enhancement.

Magnetic Flux Density (Tesla)
Magnetic Field Intensity (Amp/m)

1.2–2.95
9.57e+5

1.34e+6

The magnetic ﬁeld intensity for linear Halbach array in
the parallel arrangement was found to be uniform and strong
enough compared to other arrangements i.e. circular and
linear Halbach array in a series arrangement. The magnetic
ﬁeld intensity is concentrated at the pipe diameter which is
very useful for breaking the NH3-H2O bond.

5 Validation
The extensive experiment has been performed to understand how linear array, linear Halbach array with series,
and parallel arrangements inﬂuence the diffusion absorption refrigeration system. So, experimentation was
conducted using a natural, linear Halbach array with
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Fig. 11. Magnetic ﬂux density for parallel Halbach array.

Fig. 12. Magnetic ﬁeld intensity for parallel Halbach array.
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Fig. 13. Refrigerator cabinet temperature vs time.

Fig. 14. Magnetic ﬂux density for various magnetic arrangements.

series and parallel arrangements with the help of the
experimental set up shown in Figure 2. Comparing various
magnetic arrangements, linear Halbach array with parallel
arrangement gave a remarkable reduction in refrigeration
cabinet temperature. As shown in Figure 13, refrigerator
cabinet temperature is reduced up to 9 °C within 22 min
without using any magnetic ﬁeld arrangement. Refrigerator cabinet temperature is reduced up to 10 °C within
18 min using linear Halbach array with the series arrangement. Whereas, refrigerator cabinet temperature is
reduced up to 6 °C within 12 minutes using a linear
Halbach array with the parallel arrangement. These results
show that linear Halbach array is the most suitable
magnetic ﬁeld arrangement to reduce refrigerator cabinet
temperature within a short period.
To understand whether the above results obtained from
the experimentation can be validated, EMS software was
utilized. Using EMS software analysis, it was found that a
circular array is not at all suitable for magnetic ﬁeld
enhancement. While conducting simulation with EMS
software, circular array, linear Halbach array with series,
and parallel arrangements were considered. Magnetic ﬂux
density and magnetic ﬁeld intensity were compared for
various magnetic ﬁeld arrangements. It was found that
magnetic ﬂux density and magnetic ﬁeld intensity for linear
Halbach array with the parallel arrangement are highest and
least for the circular array. Figure 14 shows the comparison
between circular array, linear array, linear Halbach array

Fig. 15. Magnetic ﬁeld intensity for various magnetic arrangements.

with series and parallel arrangements. Linear Halbach array
with parallel arrangement showed the highest magnetic ﬂux
density i.e. 2.1 Tesla. Hence, it validates that a linear
Halbach array with a parallel arrangement is suitable for
enhancement of magnetic ﬂux density which weakens the
hydrogen bond and reduces the boiling point up to 135 °C in a
linear Halbach array with the parallel arrangement.
Figure 15 shows the comparison of magnetic ﬁeld
intensity for various magnetic arrangements. Linear
halbach array with a parallel arrangement is the most
suitable arrangement as it enhances the magnetic ﬁeld
intensity. The highest magnetic ﬁeld intensity is 1.15E+06
Amp/m for a linear Halbach array with a parallel
arrangement which helps to weaken the hydrogen bond
and reduces the boiling point up to 135 °C.
The boiling point at which ammonia is separated from
the water is 170 °C without any magnetic ﬁeld. This boiling
point can be reduced by applying various magnetic ﬁeld
arrangements such as a circular array, linear array, linear
Halbach array with series and parallel arrangements. The
linear Halbach array with parallel arrangement gave
remarkable enhancement in magnetic ﬂux density and
magnetic ﬁeld intensity as shown in Figures 14 and 15.
Enhancement in magnetic ﬂux density and magnetic ﬁeld
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enhancement in magnetic ﬂux density and magnetic ﬁeld
intensity. Hence, in Recreational vehicles implantation of a
linear Halbach array with a parallel arrangement will lead
to improvements in the performance of the refrigeration
and air conditioning system.
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