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Abstract: Research on Fe3O4/water nano liquid in a lid-driven chamber under mixed convection
conditions has been carried out with a focus on the impact of a non-uniform magnetic field on the heat
exchange process. The governing equations were resolved using the finite-volume-method-based
in-house solver. Several parameters were considered in the analysis, including the magnetic number
and the Reynolds number. According to the primary findings, the existence of a magnetic field
(MF) generates a region of recirculation near the magnetic source, resulting in improved local heat
exchange. Moreover, the effectiveness of the magnetic field is greater at lower Richardson numbers,
and the buoyancy force diminishes the influence of the magnetic source.
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1. Introduction

Ferrofluids are a type of nanofluid that contain magnetizable nanoparticles. When
a magnetic field (MF) is applied to a ferrofluid system, it results in ferrohydrodynamic
(FHD) effects, which has attracted a lot of attention from researchers. Various studies
have explored this area extensively. For instance, Ghorbani et al. [1] investigated the
impact of MF on the heat exchange of ferrofluid flow through a tube. They found that the
magnetic field alters the flow pattern, resulting in increased heat transmission. Siddiqui and
Turkyilmazoglu [2] studied the flow of a ferrofluid in a porous chamber. They observed that
the application of a MF on the surface can alter the heat exchange rate based on a variety of
criteria. Sheikholeslami et al. [3] focused on the effect of non-uniform magnetic fields on a
convection problem in a circular enclosure. They presented the effect of a magnetic source
on heat exchange and highlighted several parameters in the thermal and dynamic domains.

2. Physical Model

The problem is affected by an MF that is made by a permanent electric current (I)
flowing through a conductive wire. The magnetic field around the problem is not uniform
(a, c). In this study, the “a” and “c” coordinates are fixed at (L/2, 0). Figure 1 shows the
shapes of the different MFs that were used.

The MF components could be expressed as:

Hx(x, y) =
I

2π

y − c

(x − a)2+(y − c)2 (1)
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Hy(x, y) = − I
2π

x − a

(x − a)2+(y − c)2 (2)

H(x, y) =
√

H2
x + H2

y =
I

2π

1√
(x − a)2+(y − c)2

(3)

The patterns of the MFs used are shown in Figure 1
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by the nearby magnetic source. 

 
Figure 2. Problem geometry. 

4. Results 
Figure 3 shows the creation of a circulation region caused by the magnetic source at 

various Richardson numbers. However, as the buoyant force starts to dominate the flow, 
the circulation region starts to vanish, and the primary vortex’s strength diminishes. This 
indicates that the heat exchange declines as the Richardson number rises. 

In addition, according to Table 1, the average Nusselt is higher for a lower Richard-
son number due to the generated vortex which initiates the diffusion phenomena. 
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3. Problem Geometry

Figure 2 demonstrates the current concern, which is represented by a square cavity
with a length (L). The bottom plate of the cavity is partially heated, whereas the other plates
are adiabatic. The top wall is movable in the x direction, and the design is influenced by
the nearby magnetic source.
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4. Results

Figure 3 shows the creation of a circulation region caused by the magnetic source at
various Richardson numbers. However, as the buoyant force starts to dominate the flow,
the circulation region starts to vanish, and the primary vortex’s strength diminishes. This
indicates that the heat exchange declines as the Richardson number rises.

In addition, according to Table 1, the average Nusselt is higher for a lower Richardson
number due to the generated vortex which initiates the diffusion phenomena.
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Figure 3. Streamlines and isotherms at ϕ = 0.05 and Mn = 100. 

Table 1. Average Nusselt number. 

 Ri = 0.4 Ri = 0.04 
Mn = 25 Mn = 50 Mn = 25 Mn = 50 

Average 
Nusselt num-

ber 
15.3111 18.403 52.7946 67.643 

5. Conclusions 
The outcomes of the data analysis can be summed up as follows: 

 The magnetic field is more beneficial at lower Richardson values. 
 The buoyancy force is dominant, which reduces the effectiveness of the MF. 
 The average Nusselt number is higher at a lower Richardson number. 
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Figure 3. Streamlines and isotherms at φ = 0.05 and Mn = 100.

Table 1. Average Nusselt number.

Ri = 0.4 Ri = 0.04

Mn = 25 Mn = 50 Mn = 25 Mn = 50

Average
Nusselt number 15.3111 18.403 52.7946 67.643

Ri: Richardson number, Mn: magnetic number, and φ: solid volume fraction

5. Conclusions

The outcomes of the data analysis can be summed up as follows:

X The magnetic field is more beneficial at lower Richardson values.
X The buoyancy force is dominant, which reduces the effectiveness of the MF.
X The average Nusselt number is higher at a lower Richardson number.

Author Contributions: Z.K.: Conceptualization, software, original draft preparation. L.B.: resources,
data curation, writing. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Siddiqui, A.A.; Turkyilmazoglu, M. Natural convection in the ferrofluid enclosed in a porous and permeable cavity. Int. Commun.

Heat Mass Transf. 2020, 113, 104499. [CrossRef]
2. Ghorbani, B.; Ebrahimi, S.; Vijayaraghavan, K. CFD modeling and Sensitivity Analysis of heat transfer enhancement of a ferrofluid

flow in the presence of a magnetic field. Int. J. Heat Mass Transf. 2018, 127, 544–552. [CrossRef]
3. Sheikholeslami, M.; Mehryan, S.A.M.; Shafee, A.; Sheremet, M.A. Variable magnetic forces impact on magnetizable hybrid

nanofluid heat transfer through a circular cavity. J. Mol. Liq. 2019, 277, 388–396. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.icheatmasstransfer.2020.104499
https://doi.org/10.1016/j.ijheatmasstransfer.2018.06.050
https://doi.org/10.1016/j.molliq.2018.12.104

	Introduction 
	Physical Model 
	Problem Geometry 
	Results 
	Conclusions 
	References

