International Journal of Research in Engineering and Science (IJRES)
ISSN (Online): 2320-9364, ISSN (Print): 2320-9356
www.ijres.org Volume 10 Issue 11| November 2022 | PP. 171-183

Nanofluid flow and heat transfer in a thin film on a Stret-
ching Sheet with multishapes of Silver Nanoparticles

Azeem Shahzad* Saima Rani*, Ramzan Ali**

*Basic Sciences Department, University of Engineering and Technology, Taxila, 47050, Pakistan
(Azeem.shahzad@uettaxila.edu.pk, saimarani089@gmail.com,)
**Department of Mathematics and Natural Sciences, University of Central Asia, Naryn, Kyrgyz Republic
(alian.qau@gmail.com.

Abstract: Under boundary condition, the present study manipulates the unsteady film flow and heat transfer of Ag
water nanofluid over a stretching sheet. Over a stretching surface, the influence of flow slip on the nanofluid
boundary layer is investigated. The current findings provide a foundation for understanding the impact of the slip
boundary condition on nanofluid heat and mass transfer beyond stretching sheets. The governing equations are
transformed into a system of ordinary differential equations using the similarity transformation method. The
BVP4C program numerically evaluates these equations as well as the boundary conditions.
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l. Introduction

Since the concept of dispersing nanoscale particles into a fluid was first presented in the late twentieth
century, the topic of nanofluids has gotten a lot of attention. The rising number of studies on nanofluids published
each year demonstrates this. Nanofluids are gaining popularity due to their improved thermophysical properties
and potential to be implemented into a wide range of thermal applications, from improving the efficiency of
industrial heat exchangers to solar energy harvesting for renewable energy production. The use of nanoscale
particles to improve the thermal properties of these fluids has created a new form in the study of heat transfer
fluids. The suspension of these solid particles in the base fluid improves energy transmission in the fluid, resulting
in enhanced thermal conductivity and heat transfer qualities [1]. The thermal conductivity of the resulting fluids
has been found to be greater [2,3]. Nanofluids were named for the first time by Choi and Eastman. Nanofluids are
colloidal suspensions of nanoscale particles (10--100 nm) in a base fluid that have been manufactured [4]. Metals,
metallic oxides, and other carbon-based elements are commonly found in these particles. The number of papers
concerning nanofluids since 2010 demonstrates the increased emphasis on nanofluids research over the last
decade.

Norio Taniguchi, a Japanese researcher, was the first to present Nanotechnology [5]. Over time, this
science's use spread to a variety of sectors, including material sciences, electronics, and biology [6]. As hano-
particles span the gap between bulk materials and atomic or molecular structures, they are of tremendous scientific
interest [7]. Metal nanoparticles are the most promising of all nanoparticles, owing to their antibacterial capabil-
ities, which are caused by their high surface to volume ratio. The physical and chemical properties of nanopar-
ticles can bechanged by changing the size or surface of the composition [8]. Metal nanoparticles have been used
extensively in recent decades because of their numerous applications in a variety of sectors [9]. The physical,
chemical, and electrical properties of nanoparticles change when they reach a certain size range (1--100 nm).
These qualities are determined by the size and form of silver nanoparticles, and attributes like as melting tem-
perature, magnetic behavior, redox potential, and color can be manipulated by altering their size and shape [10].
Due to their high conductivity, chemical stability, usage as catalysts [11], and uses in different industries, in-
cluding the medical sciences, silver nanoparticles have gained a lot of attention in recent years. In order to combat
the HIV virus, food manufacturers use antibacterial compounds[12] in food packing [13], as well as their dis-
tinctive electrical and optical capabilities [14].

Heat transfer enhancement of nanofluids has been proposed in recent years as a means of outperforming
present heat transfer rates in liquids [15]. A nanofluid is a fluid in which solid nanoparticles with nanometer-scale
length scales are suspended in a traditional heat transfer fluid. It has been established that adding highly conduc-
tive particles to a pure base fluid can considerably improve its thermal conductivity. For example, at 0.3 percent
volume of dispersed particles, the effective thermal conductivity of an ethylene--glycol-based nanofluid con-
taining nano size copper particles with diameters smaller than 10 nm improved by up to 40 [16]. [17,18] as well as
Das et al. book’s [19], provide a thorough overview of nanofluid physics and advancements. The current expe-

WWW.ijres.org 171 | Page


mailto:saimarani089@gmail.com
mailto:alian.qau@gmail.com

Nanofluid flow and heat transfer in a thin film on a Stretching Sheet with multishapes of Silver ..

rimental evidence reveals that in the presence of nanoparticles, force-convection improves [20], and that the
enhancement rises as the nanoparticle volume fraction increases [21].

In nanotechnology, silver nanoparticles (Ag NP) are a significant advancement. Silver nanoparticles are
useful for a wide range of applications due to their unique physicochemical and antibacterial properties. Biome-
dicines, medical equipment, functional textiles, cosmetics, food packaging, food supplements, odour-resistant
products, electronics, household appliances, dental amalgam, water disinfectants, paints, and room sprays are
among the most common. As a result, the manufacturing of silver nanoparticles has increased in response to rising
demand. In 2009, the overall estimated output of silver nanoparticles was around 500 tones per year, with an
increase of nearly 900 tones expected by 2025.
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Silver nanoparticles (AgNPs) are a type of material with diameters ranging from 1 to 100 nanometers.
Because of their unique and appealing physical, chemical, and biological features, there has recently been arise in
interest in studying AgNPs and their diverse behaviour. Toxicity, surface plasmon resonance, and electrical re-
sistance are all recognized to be distinctive features of AgNPs. On the basis of these findings, extensive research
has been carried out to determine their qualities and possible applications for a variety of reasons, including an-
timicrobial agents in wound dressings, anticancer agents, electronic devices, and water treatment [22].

Table 1: Thermo-physical characteristics of base fluid and Ag nanoparticle [23]

Nanoparticle and Base Thermal Electrical
- Conductivity Density (Kg/m?) g Specific heat (J/KgK)
fluid (W/mK) Conductivity (S/m)
Ag 429 10500 63 235
H,0 0.613 997.19 5.50 4179
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Table2: Shape factor and Viscosity values of nanoparticles [24]

Nanoparticle’s Shape Al A2 m
Platelet 37.1 612.6 5.72
Cylinder 13.5 904.4 4.82
Blade 14.6 123.3 8.26
Brick 1.9 471.4 3.72
Sphere 2.5 6.5 3.0

1. Numerical Solution

The goal of this work is to investigate the unsteady flow of Ag nanofluid in a thin layer across a stretching sheet
coupled to a slit. In a rectangular coordinate system, the stretchy flat sheet is taken along the x-axis and the y-axis
is normal to the sheet. The thin film flow is created by stretching the sheet along the x-axis with velocityU,, =

%, while temperature distribution at the wall is given by:
_ bx?2 —3/
T, =Ty —T. (=) (1 —at) /2

lef

where b and a are the dimensional constants. T, and T, denote the constant reference and split temperatures,
respectively, whereas v_{f} specifies the fundamental fluid's kinematic viscosity. The uniform magnetic field

described by B(t)= o _works perpendicular to the stretching layer, as shown in Figure 1.

1—at

Nanofluid Nanofluid

Bo Bo »

L1 g

UW Uw

Figure 2. Geometry of the flow problem.

Letu=u(x,y,t) andv=v(x,Y,t) be the velocity components across the coordinate axes, and T = T(x, Y, t) be the
temperature of the nanofluid. Let the base fluid (water) and nanoparticles of various shapes to be thermally ba-
lanced as well. Based on these assumptions and the proposed nanofluid model [25]. In addition to the equations
for continuity, there are also equations for momentum and energy [26],

ou N ov 0 )
ox dy
LT T T R LT Y
o Tus-t Vo, T on 997 s uB*(t), (2
aT T  aT 0°T (0w’
e y—tp— = i ) 3
ot +u6x+vay Onf dy? +pnpr <8y) ®)
following are the boundary conditions
, du
u=U, + Ays=—,T,=Tyaty=0 4)
ady
u=0To=Tat y=» )
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Where A is the constant of proportionality. The thermo-physical parameters of the nanofluid/ hybrid nanofluid
specified in [27,28], such as density p_{nf}, dynamic viscosity u,, electrical conductivity o, , diffusivity a,,
and heat capacity (pC,),, are symbolically expressed as
kg
Anp = , pns = (1= P)ps + ¢ps,
" (pcp)nf f f :

g = (L + A1 + A,07), 04 = 0r(1 — P) + ¢oy), (6)
(.DCp)nf =1- ¢)(pcp)f + ¢(pcp)s:

and

ka kg + (m— Dky + (m— 1) (ks — k) @
The heat capacitance coefficients for viscosity augmentation are A;, A, and (pC,),ris the coefficient of heat
strength, where ¢ is the volume fraction of the nanofluid. The thermal conductivity and shape factor of the na-
noparticles are denoted byk,and m, while the subscripts f,nfand s reflect the thermo-physical properties, re-
spectively, of solid base fluid, nanofluid and nanoparticles.
Table 2 also includes the viscosity enhancement coefficient values A;, A, and the shape factor m for Ag na-
nofluid multi-form nanoparticles, which are applied to examine numerical and graphical simulations in this report.
where the similarity transformations are

b 1

=l /2
1 [vf (1- at)] %
_ be 1/2 ( ) T=T T bx2 (1 t)_3/20( ) (8)
V== 2, =To-Tlg, a n
where stream function ydetermine the pattern of flow and is defined as u = % and v = —% .

so that equation of continuity is satisfied identically. By substituting the above defined dimensionless variables
equation (8) into equations (2 — 3), the following nonlinear ODEs are obtained. Also, by using (8) in (4 —5)
the transformed boundary conditions become

eif "(n) = Mesf () + FDf ') = f2 () — S (f m+ gf "(n)) =0, )
20" + e f (). Ee 5 (360 +10'@) = 26()f () + 6 f () =0, (10)
and
f( =0, f(0)=1+Kf'(0), f(B)=0,6(0) =1latn =0,
f'(©) =0,6(x) = 0latn = . (11)
The dimensionless constantsk = A fvf:W,Ec =z (l;f”_n, = iji P = % and 5 = 7 are slip pa-

rameter, biot-number, Eckert number, magnetic parameter, unsteadiness parameter and Prandtl number respec-
tively. Additionally,e;, i = 1,...,3 are constants and described as

knf Os
1441 ¢ +Az 2 73 1—¢+¢(;) 1
ey o e} 42
of PHotcy, of
where ¢ is the solid volume-fraction. Skin shear stress and heat transfer coefficient are described as
_ Tw — qw X
G = T and Nu T
where (13)
ou aT
Tw = Hnr (E)yzo and gq, = _knf (5)}1:0'
The non-dimensionalize form of equation (13)with respect to transformed variables is
" -1 Kpe
C/Re'/2 = (1+ A1+ Ad2)f'(0), NuR, '* = L9/ (0). (14)
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I1l.  Solutions of the problem

Several researchers have proposed various strategies for solving a nonlinear system, including Kellor
box, shooting, and finite difference methods (9-11). The BVPA4C technique is proposed in this study as a method
for determining the solution to such a system. The BVP4C framework can be viewed as either a C; piece-wise
cubic polynomial S(x) or an implicit Runge Kutta formula with a continuous (interpolant) extension. A
well-known Simpson's scheme is a basic BVP4C approach that can be found in several codes. In addition, [29,30]
contains a detailed discussion of BVP4C, as well as error and convergence analysis. Significant aspects of the
proposed BVPAC technique include faster convergence with minimal error, direct consideration of not only
two-point but multi-point BVPs for higher precision and dealing with singular BVPs in the research directions
[31--35].In order to discover the numerical solution to the first-order linear equations, the set of linear first-order
equations is obtained.

1=F Y= Yo v2 = vs (15)
’ 83 1 2 7]
s =gt My, = [y1y3 —y; =Sy + 53/3)]. (16)
' ' 1 S
O=Ys v =ys,ys = = - PrEcy — ;[ylyg. —2ysy, =5 By + nys)]. ()
¥1(0) = 0,,(0) = 1+ Ky3(0),y,(0) = 1, (18)
Y2(0) = 0, y4(0) = 0. (19)

V. Numerical results and discussion
Five various shapes of Ag nanoparticles are placed into ordinary base fluid water that are cylinder,

platelet, brick, blade, and sphere. Various graphs are used to study the physics of the situation, and the contained
parameters are examined in depth. Table 2 is used to select the constants A; and A,. It is worth noting that the
form of the particles has a big impact on the coefficients A; and A,. The influence of the unsteadiness
parameter S, slip parameter K, volume fraction parameter ¢, Prandtl number Pr and Eckert number Ec on the
dimensionless temperature profile is depicted in these diagrams. The influence of the unsteadiness parameter S
on temperature profile is seen in Fig 3. It has been shown that when the value of S increases, the temperature
profile decreases. The influence of the slip parameter K on temperature profile is seen in Fig 4. It has been
shown that when the value of K increases, the temperature profile also increases. The influence of the volume
fraction parameter ¢ on temperature profile is seen in Fig 5. It has been shown that increasing the value of ¢
increases the temperature profile. The influence of Eckert number Ec on temperature profile is seen in Fig 6. It
has been shown that increasing the value of Ec increases the temperature profile. The influence of the Prandtl
number Pr on temperature profile is seen in Fig 7. It has been shown that when the value of Pr increases, the
temperature profile decreases.
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Figure 3. The impact of unsteadiness parameterS onf(n), for K = 0.2,¢ = 0.02, Ec = 1.0, Pr =4.0.
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Figure 4. The impact of slip parameterK on 6(n), when Pr =0.4, ¢ = 0.02,S =0.4,Ec = 1.0.
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Figure 8. The influence of shape factor on temperature profile, for ¢ = 0.02,K = 0.2,S = 0.4, Pr =4.0,Ec =
1.0.

The numerical results of dimensionless skin-friction coefficient for different shape of nanoparticles are given in
table 3. Decreasing values of skin-friction coefficient are found for increasing values of slip parameter K and
unsteadiness parameter S, whereas the reverse behaviour is noticed in case of magnetic parameter M and vo-
lume-fraction parameter ¢.

Table 3. The skin-friction coefficient's numerical values for multi-shaped nanoparticles.

Physical Parameter —Rel/ZCf
S M K ¢ Platelets Cylinder Blade Brick Sphere
0.2 1.7784106 1.5776437 1.3981824 1.3225037 1.2014794
0.4 1.8299657 1.6227951 1.4376474 | 1.3595845 1.234768
0.6 1.8797711 1.666365 1.4756849 | 1.3953039 1.2668023
0.8 1.9278712 1.7083962 1.5123367 | 1.4297032 1.2976227
0.0 1.4142485 1.2570655 1.1165844 1.0573219 0.96249379
1.0 1.8299657 1.6227951 1.4376474 | 1.3595845 1.234768
2.0 2.1317442 1.885962 1.6666472 | 1.574295 1.4267992
3.0 2.3724207 2.0946378 1.8471319 | 1.74303 1.5769414
0.0 2.3375867 2.1183028 1.9205453 | 1.8365487 1.7013337
0.2 1.8299657 1.6227951 14376474 | 1.3595845 1.234768
0.4 1.5146462 1.3260842 1.159409 1.0897325 0.9791568
0.6 1.2969632 1.1256952 0.97563572 | 0.91332305 0.81499702
0.02 1.8299657 1.6227951 1.4376474 1.3595845 1.234768
0.04 | 2.7146249 2.4859777 1.8171593 | 1.8477683 1.3511789
0.06 | 3.7336123 3.5851521 2.2499616 | 2.5282819 1.468467
0.08 | 4.8682299 4.8609555 2.7309269 | 3.3554119 1.5883788
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Table 4. The numerical results Nusselt number —6'(0) for multi-shape nanoparticles.

Physical Parameter Re Y2 Nu
S K ¢ Pr Ec Platelets Cylinder Blade Brick Sphere

0.2 1.724452 1.7533821 1.8537467 1.7880134 1.7983801
0.4 1.9263452 1.9567787 2.0683897 1.9950644 2.0076651
0.6 2.1114863 2.1430933 2.2643485 2.1840429 2.1981113
0.8 2.283145 2.3157533 2.4456102 2.3588332 2.3739762
0.2 1.5509665 1.5861838 1.702428 1.6366323 1.6585224
0.4 1.9263452 1.9567787 2.0683897 1.9950644 2.0076651
0.6 2.0769625 2.0901316 2.1826411 2.1009783 2.0980474
0.8 2.1393612 2.1375368 2.2136772 2.126615 2.1123674
0.02 1.9263452 1.9567787 2.0683897 1.9950644 2.0076651
0.04 1.9134146 1.9237449 2.1903338 2.0088545 2.0749379
0.06 1.9074778 1.8827616 2.3048293 2.0010185 2.1383399
0.08 1.9089699 1.8483516 2.4144246 1.9873318 2.1989962
20 1.4250449 1.4367644 1.5043698 1.448726 1.4493363
4.0 1.9263452 1.9567787 2.0683897 1.9950644 2.0076651

6.0 2.2838373 2.3288235 2.4735163 2.3882632 2.410996
8.0 2.5724716 2.6295003 2.8012272 2.7067066 2.7381342
0.0 3.1151442 3.0448289 3.0787357 2.9440099 2.8848135
0.5 2.5207447 2.5008038 2.5735627 2.4695371 2.4462393
1.0 1.9263452 1.9567787 2.0683897 1.9950644 2.0076651
2.0 1.3319457 1.4127536 1.5632168 1.5205916 1.5690909

V. Concluding Remarks
A numerical simulation of heat transfer of a thin film flow through nanofluids on an unsteady stretching

surface is examined. The impact of various shapes of Ag nanoparticles on the temperature of nanofluids, such as

platelets, blades, cylinders, bricks, and spheres of equal volume, has been calculated with varying results.

Nanofluid viscosity and thermal conductivity are influenced by particle shape, volume fraction, and base fluid.

The flow parameters' behaviour is observed. The following is a summary of the current work.

It has been shown that when the value of S increases, the temperature profile decreases

It has been shown that when the value of K increases, the temperature profile also increases.

It has been shown that increasing the value of ¢ increases the temperature profile

It has been shown that increasing the value of Ec increases the temperature profile.

It has been shown that when the value of Pr increases, the temperature profile decreases.

The Ag nanofluid velocity and temperature profile is approaching its maximum and minimum on platelet

and sphere-shapednanoparticles.
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