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ABSTRACT

Article history:

This paper examines the wall jet flow and heat transfer of the Glauert problem with
the effect of the hybrid nanoparticles. Also, the influence of the magnetic field and the
variable surface temperature are taken into consideration. Here, we consider copper
(Cu) and alumina (Al2O3) as the hybrid nanoparticles while water is the base fluid. The
governing equations are reduced to the similarity equations using similarity
transformations. Then, the numerical solutions are obtained by using the bvp4c
function in MATLAB software. The findings reveal that hybrid nanofluid provides a
higher heat transfer rate compared to regular nanofluid. Besides, the heat transfer rate
and the skin friction coefficient increase in the presence of nanoparticles. Moreover,
the rise of the temperature index parameter contributes to the enhancement of the
heat transfer rate, but it does not affect the skin friction coefficient. The stronger
magnetic strength led to the reduction of the heat transfer rate and the skin friction
coefficient.
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1. Introduction
These days, the process of fluid flow with heat transfer is crucial in designing and optimizing an
efficient system [1]. Therefore, scientists and engineers have worked to intensify the thermal
properties of fluid by adding nano-sized solid particles in the heat transfer fluid, and this mixture is
called nanofluid [2].
Although nanofluid can improve thermal efficiency, better fluids in those aspects are still sought
after to this day. By the innovations in science and technology, hybrid nanofluid has been developed
which consists of two different nanoparticles in the base fluid and is believed to be able to provide
better thermal properties. Furthermore, hybrid nanofluid is used in several applications, for example,
in the heat exchanger, transformer, solar water heating, vehicle brake fluid, and domestic
refrigerator [3].
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The studies of hybrid nanofluid flows were examined by Devi and Devi [4]. The new
thermophysical model for hybrid nanofluid is developed in their studies, and being compared with
the experimental results of Suresh et al., [5]. Moreover, the magnetic field effects on hybrid nanofluid
flow have been studied by several authors [6–12]. Besides, many researchers have studied the hybrid
nanofluid flow with different aspects [13–19]. For further reading, the reader is encouraged to refer
to the review papers by Sarkar et al., [20], Babu et al., [21], Huminic and Huminic [22], Yang et al.,
[23], and Sidik et al., [24].
The wall jet flow on a rigid surface bounded by the fluid at rest was pioneered by Glauert [25].
Basically, a wall jet is defined as the flow that spreads out over a surface by striking it at the right
angle. The spray-paint process is one of the examples that used the concept of the wall jet flow.
Inspired by the work of Glauert [25], similar problems have been considered by Bansal and Tak
[26,27] with the heat transfer analysis. Later, Merkin and Needham [28] reported the effect of suction
or injection on the wall jet flow by considering the moving wall. Since that, just to name a few, there
are several studies on the wall jet flow has been reported by the researchers, for examples, Cohen et
al., [29], Magyari and Keller [30], Raees et al., [31], Turkyilmazoglu [32], Zaidi et al., [33],
Jafarimoghaddam [34,35], Jafarimoghaddam and Pop [36], and Selimefendigil and Öztop [37].
Therefore, the hybrid nanofluid flow of the Glauert problem with the magnetic field and variable
surface temperature effects are studied in this paper.
2. Mathematical Formulation
Consider the wall jet flow of hybrid nanofluid blown from a thin slit on the upper of a static flat
surface, as displayed in Figure 1. The surrounding fluid is assumed in the rest condition.

Fig. 1. Physical configuration

Besides, to obtain similarity equations, the variable surface temperature should be within the
form of Tw ( x ) = T + T0 x m / 4 with m  0 , while the ambient temperature T is constant. Also, the
magnetic field is taken as B ( x ) = B0 x −3/4 with the magnetic field strength B0 [34,35]. Thus, the
governing equations are (see Glauert [25], Raees et al., [31], Zaidi et al., [33])
u v
+ =0
x y

u

u
u hnf  2u  hnf 2
+v
=
−
Bu
x
y  hnf y 2  hnf

(1)

(2)

92

Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 86, Issue 2 (2021) 91-100

u

khnf
T
T
+v
=
x
y
C p

(

)

hnf

 2T
y 2

(3)

subject to
u = 0, v = 0, T = Tw ( x )

y=0

at

u → 0, T → T as y → 

(4)

where ( u , v ) are the corresponded velocity components in the x - and y - directions, and T is the
temperature. The thermophysical properties of nanoparticles, water, and hybrid nanofluid are
provided in Table 1 and Table 2.
Table 1
Thermophysical properties of nanoparticles and water [9,38]
Properties

Nanoparticles
Cu
8933

Al2O3
3970

Base fluid
water
997.1

C p ( J / kgK )

385

765

4179

k (W / mK )

400

40

0.613

 ( S / m)

5.96×107

3.69×107

0.05

(

 kg / m3

)

6.2

Prandtl number, Pr

Table 2
Thermophysical properties of nanofluid and hybrid nanofluid [4]
Properties
Dynamic
viscosity

Nanofluid

Density

nf = (1 −  )  f + n

 hnf = (1 − 2 ) (1 − 1 )  f + 1 n1  + 2  n 2

Heat capacity

( C p )nf = (1 −  ) ( C p ) f +  ( C p )n

( C p )hnf

Thermal
conductivity

knf

 nf =

kf

=

f
(1 −  ) 2.5

(
)
kn + 2k f +  ( k f − kn )

kn + 2k f − 2 k f − kn

Hybrid nanofluid
f
hnf =
2.5
(1 − 1 ) (1 − 2 )2.5

khnf
knf

(

) f + 1(C p )n1 
+ 2 (  C p )
n2
kn 2 + 2knf − 22 ( knf − kn 2 )
=
kn 2 + 2knf + 2 ( knf − kn 2 )
= (1 −  2 ) (1 − 1 )  C p


where
knf
kf

Electrical
conductivity

 nf
f



3  n − 1 
 f



=1+

n  n
2+
−
− 1 

 f   f


 hnf
 nf

=

(
)
kn1 + 2k f + 1 ( k f − kn1 )
 n 2 + 2 nf − 22 ( nf −  n 2 )
=
 n 2 + 2 nf + 2 ( nf −  n 2 )
kn1 + 2k f − 21 k f − kn1

where
 nf  n1 + 2 f − 21 ( f −  n1 )
f

=

 n1 + 2 f + 1 ( f −  n1 )

The similarity transformation is considered as follows
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( )

 = 4  2f x

1/4

(

f ( ) ,  =  2f x3

)

−1/4

y,  ( ) =

T − T
Tw − T

(5)

with the stream function  . Besides, the velocity components are defined by u =  / y and
v = − / x . Then, we have
v = −  f x −3/4 ( f ( ) − 3 f  ( ) )

u = 4 x −1/2 f  ( ) ,

(6)

Using Eq. (5) and Eq. (6), Eq. (1) is identically fulfilled, and Eq. (2) and Eq. (3) become
hnf  f
 hnf  f 2
f  + ff  + 2 f 2 −
M f=0
 hnf  f
 hnf  f

(7)

khnf k f
1
Pr  C p
C p

(8)

(

)

(

hnf

)

  + f   − mf  = 0
f

subject to
f ( 0 ) = 0, f  ( 0 ) = 0,  ( 0 ) = 1
f  ( ) → 0,  ( ) → 0

as  → 

(9)

where (  ) represents the differentiation with respect to  . Besides, m and M denote the
temperature index and the magnetic parameters, while Pr is the Prandtl number and these
parameters are expressed as
M = B0

f
,
f

Pr =

( C )
p

f

(10)

kf

The skin friction coefficient C f and the local Nusselt number Nux are defined as
Cf =

hnf  u 
  ,
 f ur2  y  y =0

Nu x = −

 T 


k f (Tw − T )  y  y =0
xkhnf

(11)

By substituting Eq. (5) into Eq. (11), we get
2Re x1/2C f =

hnf
f  ( 0 ) ,
f

2Re −x 1/2 Nu x = −

khnf
kf

 (0)

(12)

where Re x = ur x /  f represents the local Reynolds number with ur = 4 x −1/2 denotes the reference
velocity as in Raees et al., [31]. It should be noticed that for the regular fluid case (1 = 2 = 0 ) , Eq.
(7) reduces to the classical Glauert [25] problem by replacing f  ( ) → 0 with f ( ) → 1 as  →  .
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3. Results and Discussion
Eq. (7) to Eq. (9) are solved numerically by the bvp4c solver in MATLAB software [39]. In this study,
various volume fractions of Cu and Al2O3 are considered ( 0  1 ,2  0.04 ) . Meanwhile, water is used
as the base fluid. The magnetic parameter M is taken from 0 to 0.05, meanwhile the temperature
index parameter m is considered from 0 to 2.
Table 3 provides the numerical values of f  ( 0 ) and −  ( 0 ) when 1 = 2 = 0 (regular fluid), M = 0
and Pr = 6.2 for different values of m . The increase of −  ( 0 ) is observed as m increase, whereas it
does not affect the values of f  ( 0 ) . Also, in the present study, we obtained f  ( 0 ) = 0.2222 which
consistent with the result of Glauert [25]. Furthermore, Table 4 shows the impact of M, m , 1 , and
2 on 2Re x1/2C f and 2Re −x 1/2 Nu x when Pr = 6.2 . We observed that the values of 2Re x1/2C f and
2Re −x 1/2 Nu x are accelerated with the increase of 1 and 2 . Besides, the values of 2Re −x 1/2 Nu x

enhanced, whereas the values of 2Re x1/2C f are not affected by the rising of m . Besides, the rising of
M led to the reduction of 2Re x1/2C f and 2Re −x 1/2 Nu x .
Table 3
Numerical values of f  ( 0 ) and −  ( 0 ) when 1 = 2 = 0 (regular fluid), M = 0 , and
Pr = 6.2 for different values of m
m
f  ( 0 )
−  ( 0 )
Glauert [25]
2/9  0.2222

0
0.5
1
1.5
2

Present results
0.2222

Present results
0.6735
0.8193
0.9304
1.0215
1.0993

Table 4
Numerical values of 2Re x1/2C f and 2Re −x 1/2 Nu x for several parameters when Pr = 6.2
M

0

m

0

1

0.05

0

1

2
0
0.02
0.04
0
0.02
0.04
0
0.02
0.04
0
0.02
0.04

Cu/water (1 = 0 )

Al2O3-Cu/water (1 = 0.04 )

2Re x1/2 C f

2Re −x 1/ 2 Nu x

2Re x1/2 C f

2Re −x 1/ 2 Nu x

0.2222
0.2839
0.3488
0.2222
0.2839
0.3488
0.2082
0.2673
0.3295
0.2082
0.2673
0.3295

0.6735
0.7442
0.8109
0.9304
1.0299
1.1239
0.6591
0.7295
0.7958
0.9106
1.0094
1.1029

0.2514
0.3106
0.3720
0.2514
0.3106
0.3720
0.2355
0.2921
0.3508
0.2355
0.2921
0.3508

0.7266
0.7941
0.8579
1.0052
1.1003
1.1906
0.7110
0.7781
0.8414
0.9836
1.0780
1.1677

95

Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 86, Issue 2 (2021) 91-100

Moreover, Figure 2 displays the effect of 1 and 2 on 2Re x1/2C f . Note that, Pr and m does not
affect the values of 2Re x1/2C f . It is observed that the values of 2Re x1/2C f enhanced almost linearly
with the rise of 1 and 2 . Besides, Figure 3 shows the variations of 2Re −x 1/2 Nu x for 1 and 2 with
−1/2
m . Obviously, the values of 2Re x Nu x enhanced with the rise of 1 and 2 , and also for larger m .

According to Sarkar et al., [20], the fluid that consists of nanoparticles can enhance the
heat transfer rate due to the synergistic properties of the nanoparticles. In addition, Figure 4 and
Figure 5 show the magnetic parameter M effects on 2Re x1/2C f and 2Re −x 1/2 Nu x . It can be seen that
the values of 2Re x1/2C f and 2Re −x 1/2 Nu x are reduced with the rise of M .

Fig. 2. 2Re x1/2C f vs 1 and 2

Fig. 3. 2Re −x 1/2 Nu x vs 1 , 2 and m

Fig. 4. 2Re x1/2C f vs 2 and M

Fig. 5. 2Re −x 1/2 Nu x vs 2 and M

Next, the profiles of the velocity f  ( ) and the temperature  ( ) for pertinent parameters are
displayed in Figure 6 to Figure 9. It can be seen that these profiles asymptotically satisfy the infinity
conditions (9), thus the precision of the current solution is achieved. The volumetric fraction of
nanoparticles has a significant impact on f  ( ) and  ( ) . The decreasing behaviour on the boundary
layer thickness of f  ( ) and  ( ) are observed with the increase of 2 as shown in Figure 6 and
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Figure 7. Also, we noted that the velocity f  ( ) increased near the surface and the maximum velocity
rises as 2 increases. The effects of magnetic parameter M on f  ( ) and  ( ) are displayed in
Figure 8 and Figure 9. It is noticed that the increasing of M led to rising the temperature profiles
 ( ) . Meanwhile, the maximum velocity occurs in the absence of M . The retardation on the velocity
field is observed in the presence of the magnetic field due to the rising of the resistive force called
Lorentz force. Besides, the profiles of temperature  ( ) for several values of m are displayed in
Figure 10. It is noted that an upsurge in m led to the reduction of the temperature  ( ) .

Fig. 6. f  ( ) vs 2

Fig. 7.  ( ) vs 2

Fig. 8. f  ( ) vs M

Fig. 9.  ( ) vs M

97

Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 86, Issue 2 (2021) 91-100

Fig. 10.  ( ) vs m

4. Conclusion
The Glauert flow of hybrid nanofluid with the magnetic field and variable surface temperature
has been investigated. The present results for the special case are validated to the existing results
and show a good comparison. The values of 2Re x1/2C f accelerated with the rising values of 1 and
2 , but it is not affected by m . Meanwhile, the values of 2Re −x 1/2 Nu x enlarged with the increase of 1

and 2 , and also for larger m . The values of 2Re x1/2C f and 2Re −x 1/2 Nu x are reduced with the increase
of M. The value of  ( ) decreased with the increase of 2 and m . Moreover, we noticed that the

boundary layer thickness of f  ( ) decreased, where the maximum velocity rises as 2 increases.
The presence of the magnetic field produces the Lorentz force that retard the velocity field.
Acknowledgements
The financial supports received from the Universiti Kebangsaan Malaysia (Project Code: DIP-2020001) and the Universiti Teknikal Malaysia Melaka (Grant No.: JURNAL/2019/FTKMP/Q00042) are
gratefully acknowledged.
References
[1]
[2]
[3]

[4]

[5]

[6]

Favre-Marinet, Michel, and Sedat Tardu. Convective Heat Transfer. John Wiley & Sons, 2009.
https://doi.org/10.1002/9780470611890
Choi, S. US, and Jeffrey A. Eastman. Enhancing thermal conductivity of fluids with nanoparticles. No. ANL/MSD/CP84938; CONF-951135-29. Argonne National Lab., IL (United States), 1995.
Sidik, Nor Azwadi Che, Isa Muhammad Adamu, Muhammad Mahmud Jamil, G. H. R. Kefayati, Rizalman Mamat, and
G. Najafi. "Recent progress on hybrid nanofluids in heat transfer applications: a comprehensive review."
International
Communications
in
Heat
and
Mass
Transfer
78
(2016):
68-79.
https://doi.org/10.1016/j.icheatmasstransfer.2016.08.019
Devi, SP Anjali, and S. Suriya Uma Devi. "Numerical investigation of hydromagnetic hybrid Cu–Al2O3/water
nanofluid flow over a permeable stretching sheet with suction." International Journal of Nonlinear Sciences and
Numerical Simulation 17, no. 5 (2016): 249-257. https://doi.org/10.1515/ijnsns-2016-0037
Suresh, S., K. P. Venkitaraj, P. Selvakumar, and M. Chandrasekar. "Synthesis of Al2O3–Cu/water hybrid nanofluids
using two step method and its thermo physical properties." Colloids and Surfaces A: Physicochemical and
Engineering Aspects 388, no. 1-3 (2011): 41-48. https://doi.org/10.1016/j.colsurfa.2011.08.005
Aly, Emad H., and Ioan Pop. "MHD flow and heat transfer over a permeable stretching/shrinking sheet in a hybrid
nanofluid with a convective boundary condition." International Journal of Numerical Methods for Heat & Fluid Flow
29, no. 9 (2019): 3012-3038. https://doi.org/10.1108/HFF-12-2018-0794

98

Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 86, Issue 2 (2021) 91-100

[7]

[8]
[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]
[22]
[23]

[24]
[25]
[26]

Zainal, Nurul Amira, Roslinda Nazar, Kohilavani Naganthran, and Ioan Pop. "MHD flow and heat transfer of hybrid
nanofluid over a permeable moving surface in the presence of thermal radiation." International Journal of
Numerical Methods for Heat & Fluid Flow 31, no. 3 (2020): 858-879. https://doi.org/10.1108/HFF-03-2020-0126
Waini, Iskandar, Anuar Ishak, and Ioan Pop. "Squeezed hybrid nanofluid flow over a permeable sensor surface."
Mathematics 8, no. 6 (2020): 898. https://doi.org/10.3390/math8060898
Waini, Iskandar, Anuar Ishak, and Ioan Pop. "MHD flow and heat transfer of a hybrid nanofluid past a permeable
stretching/shrinking wedge." Applied Mathematics and Mechanics 41, no. 3 (2020): 507-520.
https://doi.org/10.1007/s10483-020-2584-7
Jamaludin, Anuar, Kohilavani Naganthran, Roslinda Nazar, and Ioan Pop. "MHD mixed convection stagnation-point
flow of Cu-Al2O3/water hybrid nanofluid over a permeable stretching/shrinking surface with heat source/sink."
European Journal of Mechanics-B/Fluids 84 (2020): 71-80. https://doi.org/10.1016/j.euromechflu.2020.05.017
Khan, Umair, Aurang Zaib, Ilyas Khan, Dumitru Baleanu, and El-Sayed M. Sherif. "Comparative investigation on MHD
nonlinear radiative flow through a moving thin needle comprising two hybridized AA7075 and AA7072 alloys
nanomaterials through binary chemical reaction with activation energy." Journal of Materials Research and
Technology 9, no. 3 (2020): 3817-3828. https://doi.org/10.1016/j.jmrt.2020.02.008
Faizal, Nur Faizzati Ahmad, Norihan Md Ariffin, Yong Faezah Rahim, Mohd Ezad Hafidz Hafidzuddin, and Nadihah
Wahi. "MHD and Slip Effect in Micropolar Hybrid Nanofluid and Heat Transfer over a Stretching Sheet with Thermal
Radiation and Non-uniform Heat Source/Sink." CFD Letters 12, no. 11 (2020): 121-130.
https://doi.org/10.37934/cfdl.12.11.121130
Waini, Iskandar, Anuar Ishak, and Ioan Pop. "Mixed convection flow over an exponentially stretching/shrinking
vertical surface in a hybrid nanofluid." Alexandria Engineering Journal 59, no. 3 (2020): 1881-1891.
https://doi.org/10.1016/j.aej.2020.05.030
Waini, Iskandar, Anuar Ishak, and Ioan Pop. "Hybrid nanofluid flow and heat transfer over a permeable biaxial
stretching/shrinking sheet." International Journal of Numerical Methods for Heat & Fluid Flow 30, no. 7 (2019):
3497-3513. https://doi.org/10.1108/HFF-07-2019-0557
Khashi'ie, Najiyah Safwa, Norihan Md Arifin, Ioan Pop, Roslinda Nazar, Ezad Hafidz Hafidzuddin, and Nadihah Wahi.
"Flow and heat transfer past a permeable power-law deformable plate with orthogonal shear in a hybrid
nanofluid." Alexandria Engineering Journal 59, no. 3 (2020): 1869-1879. https://doi.org/10.1016/j.aej.2020.05.029
Khashi'ie, Najiyah Safwa, Ezad Hafidz Hafidzuddin, Norihan Md Arifin, and Nadihah Wahi. "Stagnation point flow of
hybrid nanofluid over a permeable vertical stretching/shrinking cylinder with thermal stratification effect." CFD
Letters 12, no. 2 (2020): 80-94.
Abbas, Nadeem, S. Nadeem, and M. Y. Malik. "Theoretical study of micropolar hybrid nanofluid over Riga channel
with slip conditions." Physica A: Statistical Mechanics and its Applications 551 (2020): 124083.
https://doi.org/10.1016/j.physa.2019.124083
Yashkun, Ubaidullah, Khairy Zaimi, Anuar Ishak, Ioan Pop, and Rabeb Sidaoui. "Hybrid nanofluid flow through an
exponentially stretching/shrinking sheet with mixed convection and Joule heating." International Journal of
Numerical Methods for Heat & Fluid Flow 31, no. 6 (2020): 1930-1950. https://doi.org/10.1108/HFF-07-2020-0423
Idris, Muhammad Syafiq, Irnie Azlin Zakaria, and Wan Azmi Wan Hamzah. "Heat Transfer and Pressure Drop of
Water Based Hybrid Al2O3: SiO2 Nanofluids in Cooling Plate of PEMFC." Journal of Advanced Research in Numerical
Heat Transfer 4, no. 1 (2021): 1-13.
Sarkar, Jahar, Pradyumna Ghosh, and Arjumand Adil. "A review on hybrid nanofluids: recent research, development
and
applications."
Renewable
and
Sustainable
Energy
Reviews
43
(2015):
164-177.
https://doi.org/10.1016/j.rser.2014.11.023
Babu, JA Ranga, K. Kiran Kumar, and S. Srinivasa Rao. "State-of-art review on hybrid nanofluids." Renewable and
Sustainable Energy Reviews 77 (2017): 551-565. https://doi.org/10.1016/j.rser.2017.04.040
Huminic, Gabriela, and Angel Huminic. "Entropy generation of nanofluid and hybrid nanofluid flow in thermal
systems: a review." Journal of Molecular Liquids 302 (2020): 112533. https://doi.org/10.1016/j.molliq.2020.112533
Yang, Liu, Weikai Ji, Mao Mao, and Jia-nan Huang. "An updated review on the properties, fabrication and
application of hybrid-nanofluids along with their environmental effects." Journal of Cleaner Production 257 (2020):
120408. https://doi.org/10.1016/j.jclepro.2020.120408
Sidik, Nor Azwadi Che, Isa M. Adamu, and Mahmud M. Jamil. "Preparation methods and thermal performance of
hybrid nanofluids." Journal of Advanced Research in Materials Science 56, no. 1 (2019): 1-10.
Glauert, M. B. "The wall jet." Journal of Fluid Mechanics 1, no. 6 (1956): 625-643.
https://doi.org/10.1017/S002211205600041X
Bansal, J. L., and S. S. Tak. "Temperature distribution in a laminar plane wall jet." In Proceedings of the Indian
Academy of Sciences-Section A, vol. 83, no. 1, pp. 1-10. Springer India, 1976. https://doi.org/10.1007/BF03051186

99

Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 86, Issue 2 (2021) 91-100

[27] Bansal, J. L., and S. S. Tak. "Approximate solutions of heat and momentum transfer in laminar plane wall jet."
Applied Scientific Research 34, no. 2 (1978): 299-311. https://doi.org/10.1007/BF00418874
[28] Merkin, J. H., and D. J. Needham. "A note on the wall-jet problem." Journal of Engineering Mathematics 20, no. 1
(1986): 21-26. https://doi.org/10.1007/BF00039320
[29] Cohen, Jacob, Michael Amitay, and Bruce J. Bayly. "Laminar-turbulent transition of wall‐jet flows subjected to
blowing and suction." Physics of Fluids A: Fluid Dynamics 4, no. 2 (1992): 283-289.
https://doi.org/10.1063/1.858304
[30] Magyari, Eugen, and Bruno Keller. "The algebraically decaying wall jet." European Journal of Mechanics-B/Fluids
23, no. 4 (2004): 601-605. https://doi.org/10.1016/j.euromechflu.2003.10.003
[31] Raees, Ammarah, Hang Xu, and Muhammad Raees-ul-Haq. "Explicit solutions of wall jet flow subject to a convective
boundary condition." Boundary Value Problems 2014, no. 1 (2014): 1-16. https://doi.org/10.1186/1687-2770-2014163
[32] Turkyilmazoglu, Mustafa. "Flow of nanofluid plane wall jet and heat transfer." European Journal of MechanicsB/Fluids 59 (2016): 18-24. https://doi.org/10.1016/j.euromechflu.2016.04.007
[33] Zaidi, Syed Zulfiqar Ali, Syed Tauseef Mohyud-din, and Bandar Bin-Mohsen. "A comparative study of wall jet flow
containing carbon nanotubes with convective heat transfer and MHD." Engineering Computations 34, no. 3 (2017):
739-753. https://doi.org/10.1108/EC-03-2016-0087
[34] Jafarimoghaddam, Amin. "Wall jet flows of Glauert type: heat transfer characteristics and the thermal instabilities
in analytic closed forms." European Journal of Mechanics-B/Fluids 71 (2018): 77-91.
https://doi.org/10.1016/j.euromechflu.2018.04.002
[35] Jafarimoghaddam, Amin. "Two-phase modeling of magnetic nanofluids jets over a Stretching/shrinking wall."
Thermal Science and Engineering Progress 8 (2018): 375-384. https://doi.org/10.1016/j.tsep.2018.09.008
[36] Jafarimoghaddam, Amin, and Ioan Pop. "Numerical modeling of Glauert type exponentially decaying wall jet flows
of nanofluids using Tiwari and Das' nanofluid model." International Journal of Numerical Methods for Heat & Fluid
Flow 29, no. 3 (2019): 1010-1038. https://doi.org/10.1108/HFF-08-2018-0437
[37] Selimefendigil, Fatih, and Hakan F. Öztop. "Al2O3-Water Nanofluid Jet Impingement Cooling With Magnetic Field."
Heat Transfer Engineering 41, no. 1 (2020): 50-64. https://doi.org/10.1080/01457632.2018.1513626
[38] Oztop, Hakan F., and Eiyad Abu-Nada. "Numerical study of natural convection in partially heated rectangular
enclosures filled with nanofluids." International Journal of Heat and Fluid Flow 29, no. 5 (2008): 1326-1336.
https://doi.org/10.1016/j.ijheatfluidflow.2008.04.009
[39] Gladwell, Ian, Larry Shampine, and Skip Thompson. Solving ODEs with MATLAB. Cambridge University Press, 2003.

100

