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1. Introduction

In recent years, the modelling and anal
micropolar fluids has been a popular area o
deals with a class of fluids that exhibits certai
arising from the local structure and microrotat
Thesefluids contain dilute suspensions of rigid
dividual motions that support stress and body
ed by spin inertia. The theory of micropolar
Eringen [1]. A comprehensive review onmicro
plication in engineering and technology was p
[2,3]. Hassanien and Gorla [4] studied the hea
fluid over a stretching sheet. Mohammadein a
gated themicropolarfluid over the same geom
tion. Heat transfer in unsteady flow of a micro
heat flux was discussed by Damseh et al. [
micropolar over stretching sheet and semi-in
by Bachok et al. [7] and Sherief et al. [8]. New
micropolar fluid over stretching sheet was d
[9]. Hussanan et al. [10] also studied the fr
micropolar fluid with Newtonian heating. Few
on micropolar fluids are given in [11–13].
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nanofluidmodels have some dra
scopic characters arising from th
work is one of the infrequent co
nanofluids.More exactly, in this
over a vertical plate. Five types o
oxide and graphene oxide are su
Exact solutions of the governing
tional or regular nanofluid is a
micropolar nanofluid is higher t

ysis of the dynamics of
f research. These fluids
n microscopic characters
ion of the fluid elements.
macromoleculeswith in-
moments and are affect-
fluids was developed by
polar fluids and their ap-
rovided by Ariman et al.
t transfer in a micropolar
nd Gorla [5] also investi-
etrywith viscous dissipa-
polar fluid with constant
6]. Unsteady flows of a
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tonian heating effect on
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ee convection flow of a
other interesting studies
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s to enhance the thermal conductivity of base fluid. However, the classical
stic limitations, i.e. they cannot describe a class of fluids that have certainmicro-
e microrotation and local structure of the fluid elements. Therefore, the present
ntributions that describes the microrotation and microinertia characteristics of
work, the unsteady free convection flowofmicropolar nanofluids is investigated
f oxide nanoparticles namely copper oxide, titanium oxide, alumina oxide, iron
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spended in three different types of fluids such aswater, kerosene and engine oil.
problem are obtained by the Laplace transform method. Solutions for conven-
lso recovered as a special case. Temperature of graphene oxide suspended
han other oxide nanoparticles based nanofluids.
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Convectional heat transfer fluids such as water, ethylene glycol, kero-
sene, engine oil and acetone play a pivotal role inmany industrial sectors
including power generation, chemical production, air-conditioning,
transportation and microelectronics. However, these fluids have limited
heat transfer capabilities due to their low thermal conductivities. Differ-
ent techniques have been used to enhance their heat transfer perfor-
mance. A way to overcome this barrier, the enhancement in thermal
conductivity of conventional heat transfer fluids via suspensions of nano-
particles in commonfluids is one of newdevelopments in thisfield that is
more effective in terms of heat transfer performance. This ideawas intro-
duced by Choi [14] and thereafter, a substantial amount ofwork has been
done on the nanofluid because of their important practical applications.
Khanafer et al. [15] developed a model to analyse heat transfer perfor-
mance of nanofluids inside an enclosure. Congedo et al. [16] studied the
natural convection flow of a water-Al2O3 nanofluid. Ghasemi and
Aminossadati [17] also studied the natural convection flow past an in-
clined enclosure filled with a water-CuO nanofluid. Ahmed and Pop
[18] examined mixed convection flow of nanofluid past a vertical plate
embedded in a porous medium, where three types of nanofluids were
considered. Heat transfer in unsteady flow of nanofluids with five differ-
ent types of nanoparticles was considered by Turkyilmazoglu [19].
Kandelousi [20] studied magnetic field effect on heat transfer flow of
ferrofluid with constant heat flux. In another paper, Kandelousi [21]
also studied nanofluid flow and heat transfer through a permeable chan-
nel. Slip effect on heat transfer nanofluid flow past a stretching surface
was studied by Haq et al. [22]. Flow of magnetite nanoparticles water
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