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Abstract 
In this study, the hydrodynamic and thermal behavior of nanofluid flow of iron oxide water in a square Cavity with 

different sides under a magnetic field for different values of Hartmann number and Riley number has been 

investigated. The effect of magnetic field, the effect of changing the angle of the chamber wall specific angles (θ), 

volume ratio changes of nanoparticles in Reynolds numbers 10 and 100 and in Richardson numbers 0.1 and 1 in the 

slow flow range are investigated in two dimensions. Increasing the Reynolds number increases the flow velocity, and 

increasing the flow velocity not only directly affects flow regime and pattern, but the displacement heat transfer 

coefficient, increase in the Nusselt number. The average Nusselt number increases with the increasing Richardson 

number. This increase is especially noticeable in higher Reynolds numbers. By increasing the tilt angle from 30 

degrees to 90 degrees, the amount of heat transfer increases a very steep slope. For Reynolds number 100 and 

Richardson number 1, nanofluid with 3% volume fraction at 90 degree angle has the highest dimensionless Nusselt 

number. For Reynolds 10 and Richardson 1, the difference between the maximum and minimum velocities along the 

x-axis is maximal. 
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1. Introduction 

Heat transfer has always been one of the most 

important and influential aspects of human life [1]. 

Many researches have been done in this field for 

many years, most of which have been done to 

improve and accelerate heat transfer. Therefore, this 

field of science remains one of the most important 

areas for the activity of researchers and scientists, 

as much research has been done and many studies 

have been conducted. Heat transfer had three 

mechanisms and it can be said that the most widely 

used heat transfer mechanism is displacement in 

which the presence of fluid plays an important role 

[2]. In heat exchangers with different cross-

sectional surfaces for inlet and outlet channels, the 

surface of triangular cross-sections with equal sides 

creates the maximum cross-sectional area of heat 

transfer relative to the volume [1-8]. The reason for 

the increase in heat transfer due to the presence of 

nanofluids is the increase in the thermal 

conductivity of the working fluid compared to the 

initial state [9]. In addition to the factors that 

increase heat transfer, we can mention the use of 

magnetohydrodynamic currents (MHD). In recent 

years, due to its wide industrial applications, the 

study of magnetohydrodynamic current (MHD) in 

conductive fluids, such as liquid metals, has been 

widely considered by researchers. These currents in 

engineering and geophysics, control of unwanted 

displacement currents in the design of MHD 

generators, metal casting processes, crystal growth 

process optimization, plasma and nuclear reactor 

cooling industries, heat exchangers, heat 

exchangers, radiators, solar cooling systems, 

cooling systems High speed, they have. Using 
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MHD current, the flow and heat transfer inside the 

pipes can be controlled in the desired direction [15-

10]. 

Many researchers have used ducts with non-circular 

cross-sections to increase the level of heat transfer 

in heat exchangers in industries such as automotive, 

power generation, heating and air conditioning, 

chemical engineering, chip cooling, aerospace, etc. 

[16]. The reason for the increase in heat transfer due 

to the presence of nanofluids is the increase in the 

thermal conductivity of the working fluid compared 

to the initial state [17-19]. In addition to the factors 

that increase heat transfer, we can mention the use 

of magnetohydrodynamic currents (MHD). Using 

MHD current, the flow and heat transfer inside the 

pipes can be controlled in the desired direction [23]. 

Shahsavar et al. [24] experimentally investigated 

the forced heat transfer of a slow flow of a fluid 

containing carbon nanotubes under the influence of 

a constant magnetic field. Sultanpour et al. [25] 

investigated the effect of magnetic field position on 

the rate of forced displacement heat transfer and the 

production of de nano-fluid entropy in the 

microchannel. In their research, they used water-

aluminum oxide nanofluids with different volume 

percentages and also used a simple algorithm for 

their numerical simulation. Chamkha et al. [26] 

investigated the entropy generation and free heat 

transfer of copper-oxide nanofluids in a C-shaped 

cavity under a uniform magnetic field. Armaghani 

et al. [27] numerically studied the free transfer heat 

transfer and the production of water-aluminum 

oxide nanofluid entropy in the L-shaped baffle 

chamber. Saryazdi et al. [28] numerically 

investigated the forced heat transfer of nanofluids 

into a straight tube filled with a saturated porous 

material. In their research, they assumed the wall 

temperature to be constant. Ma et al. [29] 

numerically investigated the free transfer heat 

transfer of a nanofluid stream inside a U-shaped 

chamber equipped with a baffle under the influence 

of a magnetic field. They used the Latis-Boltzmann 

method in their research. Also, the effect of bromine 

movements on heat transfer has been considered. 

Gholinia et al. [30] investigated ethylene glycol-

based nanofluids on a permeable circular cylinder 

under a magnetic field. They studied the combined 

heat transfer consisting of natural and forced 

displacement. Using the finite volume method, Ma 

et al. [31] simulated the natural heat transfer of a 

nanofluid inside a sloping Kuwaiti chamber in the 

presence of a constant temperature heat source.  

2. Governing equations 

The two-phase method has been used to model the 

nanofluid flow. In this method, the presence and 

dispersion of particles in the base fluid are 

considered separately. This method, as its name 

implies, follows the theory of Euler and Lagrange. 

The liquid phase acts as a continuous phase, the 

properties of which are determined by solving the 

Navier-Stokes equations, while the properties of the 

dispersed phase are determined by examining a 

large number of particles in the flow field and 

considering Newton's second law for each particle. 

The diffused phase can exchange momentum, mass, 

and energy with the liquid phase. For the liquid 

phase, the survival equations are expressed as 

follows: 

 

3. Continuity 

∇. (ρfv⃗ f) = 0 (1) 

 

∇. (ρfv⃗ fv⃗ f) =  −∇P + ∇. (μf∇v⃗ f)

+  ρfg⃗ β(T − Ti)

+  S⃗ m 

(2) 

 

In the above relation, Sm spring term expresses the 

momentum transferred between the fluid phase and 

the particle phase, which is determined by 

calculating the momentum change of the particles 

through the control volume. 

 

S⃗ m = ∑F⃗ mp∆t (3) 

 

Where mp is the mass of the particle and F⃗  

represents the sum of all the forces per unit mass of 

the nanoparticle that is applied to the particle, and 

the drag force, denoted byF⃗ D, the force of gravity, 

denoted by F⃗ G, the mass force Virtual, denoted by 

F⃗ V, Suffman's force, denoted by F⃗ L, thermophoretic 

force, denoted by F⃗ T, Brownian force, denoted by 

F⃗ B, and finally the pressure gradient force, denoted 

by Is denoted by F⃗ P, which is given below in the 

calculation relations of each. 

It should be noted that for nanoparticles, the 

equation of particle motion can be expressed 

according to Newton's second law as follows: 

F =  
dv⃗ p

dt
 (4) 
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For sub-micron particles, due to the low relative 

Reynolds number, the drag force is determined 

using Stokes' law as follows: 

 

F⃗ D = 
18μ

dp
2ρpCe

(v⃗ f − v⃗ p) (5) 

 

Ce = 1 +
2ƛ

dp

(1.257 + 0.4e
−(

1.1dp

2ƛ
)
) (6) 

 

In the above relation, ƛ is the free path is a 

molecular medium. 

The lifting force on a particle is created due to the 

rotation of the velocity gradient and can be 

calculated from the following relation: 

 

F⃗ L = 
2Kv

1
2ρdij

ρpdp(dlkdkl)
1
4

(v⃗ f − v⃗ p) 

                                                                

(7) 

 
Where k = 2.594 and dij is the deformation tensor. 

This form of lift force makes sense for fine 

particles. 

It should be noted that this relationship can be used 

for particles smaller than microns. 

Another force exerted on the fine particles 

dispersed in the fluid is the Brownian force. For 

sub-micron particles, the collision of particles with 

fluid molecules and thus the effect of Brownian 

motion is highlighted. The Brownian force 

components are modeled by the Gaussian 

perturbation process with the intensity of spectrum 

Sn.ij according to which we have: 

 

Sij
n = S0δij (8) 

 

In the above relation, δij is the Cronker Delta and 

 

S0 = 
216vkBT

π2ρfd
S(

ρp

ρf
)2Ce

 (9) 

 

In the above relation, T is the absolute 

temperature of the fluid and 𝑣 is the kinematic 

viscosity and KB is the Boltzmann constant. The 

magnitude of the Brownian force components is 

as follows: 

F⃗ B.i = ξi√
πS0

∆t
 (10) 

 

4. References 

[1] Shekaramiz, M., Fathi, S., Ataabadi, H. A., Kazemi-

Varnamkhasti, H., & Toghraie, D. (2021). MHD 

nanofluid free convection inside the wavy triangular 

cavity considering periodic temperature boundary 

condition and velocity slip mechanisms. International 

Journal of Thermal Sciences, 170, 107179. 

[2] Alkanhal, T. A., Sheikholeslami, M., Usman, M., Haq, 

R. U., Shafee, A., Al-Ahmadi, A. S., & Tlili, I. (2019). 

Thermal management of MHD nanofluid within the 

porous medium enclosed in a wavy shaped cavity with 

square obstacle in the presence of radiation heat 

source. International Journal of Heat and Mass 

Transfer, 139, 87-94. 

[3] Shahriari, A., Ashorynejad, H. R., & Pop, I. (2019). 

Entropy generation of MHD nanofluid inside an inclined 

wavy cavity by lattice Boltzmann method. Journal of 

Thermal Analysis and Calorimetry, 135(1), 283-303. 

[4] Selimefendigil, F., & Öztop, H. F. (2019). Corrugated 

conductive partition effects on MHD free convection of 

CNT-water nanofluid in a cavity. International Journal 

of Heat and Mass Transfer, 129, 265-277. 

[5] Tayebi, T., & Chamkha, A. J. (2019). Entropy generation 

analysis during MHD natural convection flow of hybrid 

nanofluid in a square cavity containing a corrugated 

conducting block. International Journal of Numerical 

Methods for Heat & Fluid Flow. 

[6] Tayebi, T., & Chamkha, A. J. (2020). Entropy generation 

analysis due to MHD natural convection flow in a cavity 

occupied with hybrid nanofluid and equipped with a 

conducting hollow cylinder. Journal of Thermal analysis 

and Calorimetry, 139(3), 2165-2179. 

[7] Barnoon, P., Toghraie, D., Dehkordi, R. B., & Abed, H. 

(2019). MHD mixed convection and entropy generation 

in a lid-driven cavity with rotating cylinders filled by a 

nanofluid using two phase mixture model. Journal of 

Magnetism and Magnetic Materials, 483, 224-248. 

[8] Selimefendigil, F., Oztop, H. F., & Chamkha, A. J. 

(2019). MHD mixed convection in a nanofluid filled 

vertical lid-driven cavity having a flexible fin attached to 

its upper wall. Journal of Thermal Analysis and 

Calorimetry, 135(1), 325-340. 

[9] Armaghani, T., Sadeghi, M. S., Rashad, A. M., Mansour, 

M. A., Chamkha, A. J., Dogonchi, A. S., & Nabwey, H. 

A. (2021). MHD mixed convection of localized heat 

source/sink in an Al2O3-Cu/water hybrid nanofluid in L-

shaped cavity. Alexandria Engineering Journal, 60(3), 

2947-2962. 

[10] Selimefendigil, F., & Chamkha, A. J. (2019). MHD 

mixed convection of nanofluid in a three-dimensional 

vented cavity with surface corrugation and inner rotating 

cylinder. International Journal of Numerical Methods 

for Heat & Fluid Flow. 

[11] Ghalambaz, M., Sabour, M., Sazgara, S., Pop, I., & 

Trâmbiţaş, R. (2020). Insight into the dynamics of 

ferrohydrodynamic (FHD) and magnetohydrodynamic 

(MHD) nanofluids inside a hexagonal cavity in the 

presence of a non-uniform magnetic field. Journal of 

Magnetism and Magnetic Materials, 497, 166024. 

[12] Ma, Y., Mohebbi, R., Rashidi, M. M., Yang, Z., & 

Sheremet, M. A. (2019). Numerical study of MHD 



Teimouri, Nejati, Zahmatkesh, ... 

 

nanofluid natural convection in a baffled U-shaped 

enclosure. International Journal of Heat and Mass 

Transfer, 130, 123-134. 

[13] Selimefendigil, F., & Chamkha, A. J. (2019). 

Magnetohydrodynamics mixed convection in a power 

law nanofluid-filled triangular cavity with an opening 

using Tiwari and Das’ nanofluid model. Journal of 

Thermal Analysis and Calorimetry, 135(1), 419-436. 

[14] Ghalambaz, M., Sabour, M., Pop, I., & Wen, D. (2019). 

Free convection heat transfer of MgO-MWCNTs/EG 

hybrid nanofluid in a porous complex shaped cavity with 

MHD and thermal radiation effects. International 

Journal of Numerical Methods for Heat & Fluid Flow. 

[15] Alsabery, A. I., Ismael, M. A., Chamkha, A. J., & 

Hashim, I. (2019). Effects of two-phase nanofluid model 

on MHD mixed convection in a lid-driven cavity in the 

presence of conductive inner block and corner 

heater. Journal of Thermal Analysis and 

Calorimetry, 135(1), 729-750. 

[16] Rashad, A. M., Mansour, M. A., Armaghani, T., & 

Chamkha, A. J. (2019). MHD mixed convection and 

entropy generation of nanofluid in a lid-driven U-shaped 

cavity with internal heat and partial slip. Physics of 

Fluids, 31(4), 042006. 

[17] Gholinia, M., Moosavi, S. K., Pourfallah, M., Gholinia, 

S., & Ganji, D. D. (2021). A numerical treatment of the 

TiO2/C2H6O2–H2O hybrid base nanofluid inside a 

porous cavity under the impact of shape factor in MHD 

flow. International Journal of Ambient Energy, 42(16), 

1815-1822. 

[18] Mondal, P., & Mahapatra, T. R. (2021). MHD double-

diffusive mixed convection and entropy generation of 

nanofluid in a trapezoidal cavity. International Journal 

of Mechanical Sciences, 208, 106665. 

[19] Chamkha, A. J., Mansour, M. A., Rashad, A. M., 

Kargarsharifabad, H., & Armaghani, T. (2020). 

Magnetohydrodynamic mixed convection and entropy 

analysis of nanofluid in gamma-shaped porous 

cavity. Journal of Thermophysics and Heat 

Transfer, 34(4), 836-847. 

[20] Geridonmez, B. P., & Oztop, H. F. (2020). MHD natural 

convection in a cavity in the presence of cross partial 

magnetic fields and Al2O3-water nanofluid. Computers 

& Mathematics with Applications, 80(12), 2796-2810. 

[21] Ghalambaz, M., Mehryan, S. A. M., Izadpanahi, E., 

Chamkha, A. J., & Wen, D. (2019). MHD natural 

convection of Cu–Al2O3 ater hybrid nanofluids in a 

cavity equally divided into two parts by a vertical 

flexible partition membrane. Journal of Thermal 

Analysis and Calorimetry, 138(2), 1723-1743. 

[22] Qureshi, M. A., Hussain, S., & Sadiq, M. A. (2021). 

Numerical simulations of MHD mixed convection of 

hybrid nanofluid flow in a horizontal channel with 

cavity: Impact on heat transfer and hydrodynamic 

forces. Case Studies in Thermal Engineering, 27, 

101321. 

[23] Selimefendigil, F., & Öztop, H. F. (2019). MHD mixed 

convection of nanofluid in a flexible walled inclined lid-

driven L-shaped cavity under the effect of internal heat 

generation. Physica A: Statistical Mechanics and Its 

Applications, 534, 122144. 
[24] Shahsavar, A., Saghafian, M., Salimpour, M. R., & 

Shafii, M. B. (2016). Experimental investigation on 

laminar forced convective heat transfer of ferrofluid 

loaded with carbon nanotubes under constant and 

alternating magnetic fields. Experimental Thermal and 

Fluid Science, 76, 1-11. 

[25] Soltanipour, H., Khalilarya, S., Motlagh, S. Y., & 

Mirzaee, I. (2017). The effect of position-dependent 

magnetic field on nanofluid forced convective heat 

transfer and entropy generation in a microchannel. 

Journal of the Brazilian Society of Mechanical Sciences 

and Engineering, 39(1), 345-355. 

[26] Chamkha, A., Ismael, M., Kasaeipoor, A., & 

Armaghani, T. (2016). Entropy generation and natural 

convection of CuO-water nanofluid in C-shaped cavity 

under magnetic field. Entropy, 18(2), 50. 

[27] Chamkha, A., Ismael, M., Kasaeipoor, A., & 

Armaghani, T. (2016). Entropy generation and natural 

convection of CuO-water nanofluid in C-shaped cavity 

under magnetic field. Entropy, 18(2), 50. 

[28] A. Baqaie Saryazdi, F. Talebi, T. Armaghani, I. Pop, 

Numerical study of forced convection flow and heat 

transfer of a nanofluid flowing inside a straight circular 

pipe filled with a saturated porous medium, Eur. Phys. J. 

Plus (2016) 131: 78 


