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ABSTRACT

Convection heat transfer with the nanofluid plays a vital role in many applications.
The four mathematical models of boundary layer flow solved under different boundary
conditions. The first problem considered the unsteady squeezing flow of the Carreau
nanofluid over the sensor surface, where three different nanoparticles were suspended
in the base fluid. A comparison of the results of suspended materials in liquids proved
that increased surface permeability leads to increased heat transfer. The second
problem described the magnetohydrodynamics (MHD) Darcy-Forchheimer model,
which considers Maxwell nanofluids’ flow. It was observed that an increase in the Biot
number coefficient increased heat transfer. The third problem evaluated activation
energy and binary reaction effect on the MHD Carreau nanofluid model. Buongiorno
nanofluid model was applied to shear-thinning or pseudoplastic fluid over the
pereamble surface. The relationship between the activation energy and chemical
reaction is influential and controls heat transfer processes. The fourth problem
analyzed the radiative Sutterby model over a stretching/shrinking sheet towards
stagnation point flow. Dual solutions were found using the scaling group
transformation, which was examined by a stability approach. Such a problem found an
increment in the suction parameter, the Deborah number, and the nanoparticle volume
fraction delayed the flow separation. The influence of various pertinent parameters on
the velocity and temperature distributions has been presented. The most relevant
results by the forceful impacts of thermo-physical properties on fluids were analyzed
through this work. Modeled equations are based on the conservation laws under the
boundary layer approximation. The similarity transformation method is used to
convert the governing partial differential equations into ordinary differential
equations. They are then solved using a numerical technique, known as the Runge-
Kutta-Fehlberg method with shooting technique in the MAPLE 17 or bvp4c method in
the MATLAB 2019a.
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ABSTRAK

Empat model matematik bagi aliran lapisan sempadan pada bendalir Newtonan teritlak
telah diselesaikan menggunakan pendekatan separa-analisis tertakluk kepada syarat
sempadan yang berlainan. Masalah pertama mempertimbangkan aliran lapisan
sempadan nanobendalir Carreau di atas permukaan sensor; tiga nanozarah berlainan
telah diletakkan di dalam bendalir asas. Perbandingan keputusan bahan yang direndam
di dalam cecair membuktikan bahawa ketelapan permukaan menyebabkan
pemindahan haba bertambah. Masalah kedua menggambarkan model Darcy-
Forchheimer megnetohidrodinamik (MHD), yang mengambil kira aliran nanobendalir
Maxwell dan didapati dengan peningkatan pekali nombor Biot juga meningkatkan
pemindahan haba. Masalah ketiga menilai tenaga pengaktifan dan kesan reaksi dedua
terhadap model nanobendalir Carreau MHD. Model nanobendalir Buongiorno telah
digunakan untuk bendlir penipisan ricih atau bendalir pseudoplastik atas permukaan
sedutan/semburan. Begitu juga hubungan di antara tenaga pengaktifan dengan reaksi
kimia yang mempengaruhi dan mengawal proses pemindahan haba. Masalah keempat
menganalisis model radiasi Sutterby atas helaian telap yang meregang/mengecut
terhadap aliran titik genangan dalam nanobendalir. Penyelesaian dual telah diperoleh
menggunakan penjelmaan kumpulan penskalaan dan dikaji dengan pendekatan
kestabilan. Didapati dengan penambahan parameter sedutan, nombor Deborah, dan
pecahan isipadu nanozarah telah melambatkan pemisahan aliran. Pengaruh pelbagai
parameter penting ke atas halaju dan taburan suhu digambarkan secara bergraf dan
jadual serta dibincangkan. Persamaan-persamaan yang dimodelkan adalah berasaskan
kepada hukum-hukum keabadian tertakluk kepada penghampiran lapisan sempadan.
Kaedah penjelmaan keserupaan telah digunakan untuk menukar persamaan menakluk
kepada persamaan terbitan biasa. la kemudian diselesaikan secara penyelesaian
berangka, iaitu kaedah Runge-Kutta Fehlberg dengan teknik tembakan menggunakan
MAPLE 17 atau kaedah bvp4c di MATLAB 2019a.
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CHAPTER 1

INTRODUCTION

1.1  Background of the study

The theoretical investigation of the flow of generalized Newtonian fluid or non-
Newtonian fluids continues to receive special status in the literature due to the
growing importance of such fluid in modern technology and industries. The flows of
generalized Newtonian fluids occur in many applications, with important examples
in industrial processes that involve synthetic fibbers, extrusion of molten plastic,
flows of polymer solutions, bioengineering and heat exchange efficiency (Rieutord,
2014). Simple examples of generalized Newtonian fluids are slurries, pastes, polymer
solutions, multigrade engine oils, toothpaste, liquid soaps and peanut. The main
distinguishing feature of many generalized Newtonian fluids is that they exhibit both
viscous and elastic properties. Note that shear stress depends only on the shear rate,
while the relation between shear stress and the shear rate depends on time
(Schowalter, 1978).

These fluids exhibit numerous strange features, for example, shear-thinning
or thickening and display of elastic effects. Hence, the classical Navier-Stokes
equations are not appropriate in describing their rheological behavior. Due to the
large difference in the chemical and physical structure of generalized Newtonian
fluids and the variation of flows, the usual Navier Stokes equations may fail. They
cannot represent all the rheological properties of generalized Newtonian fluids. Thus,
many mathematical models have been proposed to describe these fluids' physical

behavior, such as Carreau fluid, Maxwell fluid, and Sutterby fluid. Unlike viscous
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