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Chapter 1

Introduction

1.1 Research motivation

In just about every industrial process on earth, whether it’s making steel or
cosmetics, food processing, mining, railroads, or construction, water plays an important
part of a company’s operations. Similarly, in most, if not all of those same industries,
oil plays some kind of role. It may be lubrication oil, fuel oil, or the process itself may
consume or produce oil - such as in chemical plants and oil refineries. Chances are, at
some point, water comes into contact with oil.

In today’s world, the environmentally and economically conscious seek to
recycle and reuse both water and oil. The very first step in any recycle or reuse process
is to separate the oil from the water.

Removing oil from water, whether process water or wastewater - is important
for a number of reasons and can offer significant benefits such as:

« reducing costs

» generating new revenue

« enhancing environmental responsibility
« providing safer work environments

« improving overall operations

It is important to remove oil as close to the point of origin as possible (where
oil enters the wastewater stream).

First, removing oil before the wastewater stream “ mixes” with oil-free water
will greatly reduce the scope and associated costs of down-the-line wastewater
treatment equipment. Oil tends to foul downstream filtration equipment. The more
the oil mixes with water, the bigger the scope of the eventual recycling task.

Second, removing oil early in the process, before it can combine with other
contaminants in the waste stream, allows it to retain its value for recycling and reuse
within the facility, or for sale to oil recyclers.

Manufacturing

For manufacturing companies, water is typically used throughout the

manufacturing process as part of the product, to cool or wash down machinery, or



clean parts, for example. During these processes, water often mixes with oil.
This oil can come from the process, the machinery used, or in some cases, carried in
on the finished product itself.

Power Generation, Oil & Gas, & Railroad

For companies in industries like power generation, oil and gas production,
railroad, or transportation, used water often results in a waste solution that may
encompass a variety of substances — from lubricant or hydraulic oil, to crude oil, fuel
and more. Regardless of whether a facility reuses the water or sends it to a treatment
plant, if oil is present, it must be removed.

Oil skimming is one methodology of removing oil from the surface of water.
There are a number of oil skimming devices and technologies depending on the type
and the scope of the challenge - from large systems used on the ocean, to small units
found in a local machine shop as show in Figure 1.1. Some skimmer designs feature
rotating drums, discs, belts, ropes, or floating tubes to which oil adheres. Others float
in the water and feature a central overflow weir. Depending on the application, some
are more effective or efficient than others, but all are designed to remove the oil from

the surface of an oily water mixture.

Figure 1.1 Oil Skimmer
https://www.abanaki.com/products/oil-grabber-model-8/

Typical Applications for Industrial Oil Skimmers

Wastewater Sumps : Most manufacturing or processing facilities have water
systems where waste oil collects in a central tank or sump. Skimming the floating oils
with little water content can reduce the cost of disposal and lower the contingent

liabilities of wastewater discharge.



Coolants : When machine coolants become contaminated with tramp oils,
four things usually occur:

« coolant life is reduced;

« quality of machined parts is reduced,;

« in many cases, a smoke will begin to appear in the shop, causing irritation to
the workers on the job; and

« the fluid takes on a “rotten egg” odor. Oil skimmers that remove tramp oils
solve these problems and typically pay for themselves within a few months.

Heat Treating : Quench oils that must be removed from heat treated parts
can be captured for re-use or disposal. The results are lower quench oil costs,
prolonged wash water life and lower disposal costs.

Parts Washers : Floating oils re-contaminate parts as they are removed from
a wash tank. Oil skimmers can remove this oil. The benefits of using an oil skimmer
are oil free parts and extended fluid life.

Food Processing Facilities : Removal of vegetable oils, greases, and animal
fats from a plant’s wastewater stream reduces the costs of processing and disposal.

Working principle of oil skimmer
The coolant liquid blended with oil that free from the greased up parts, for example,
direct ways or responding segments is required to be isolated. The majority of the
machine apparatuses, for example, a wide range of pounding machine, mechanizes
processing machine and so forth the coolant subsequent to streaming over the
forefronts, looses it's quality because of the blending of oil as show in Figure 1.2.
Additionally it ruins the pump or passing on pipe lines. The coolant is made to
stream in to the gathering tank. From that point it is pulled in towards drum-belt
surface when it stream over the surface with the roller. The upper rollers are
impelled with the assistance of setscrew to raise or drop down to fix or extricate the
belt. Oil in the coolant holder tank drifts at the upper layer is isolated and adheres
up to the belt because of attachment between the belt material and the sticky
property of the oil. It is then gathered in the plate and another tank (compartment)
and unadulterated coolant is again re-coursed for its utilization in machine

instrument.



Figure 1.2 Construction of oil skimmer

http://oilseparator.co.kr/eng/img/sub04/s2_1_16.jpg

The oil skimmer is working well when the thin film flow velocity closed to

speed moving belt need to be.

1.2 Literature reviews

Study and research on mathematical to estimate the nonlinear thin fluid film
flow velocity of third grade fluid on a moving belt is important and useful. We also
use mathematical models to describe the thin fluid film flow velocity in each layers.

In [1], studied the thin film flow of a non-newtonian fluid on a vertical moving
belt. Two problems are discussed. In one problem, they use a Sisko fluid and where
as in the second problem they use an Oldroyd 6-constant fluid. The results obtained
in the two problems exhibit the effectiveness and reliability of He’ s homotopy
perturbation method.

In [2], investigated the application of homotopy analysis method to thin film
flows of third order fluid. The results obtained the effect of different parameters of
interest on the velocity field both in the case of flow on a moving belt and down an
inclined plane.

In [3], studied a comparison of variational iteration and adomain decomposition
methods in solving nonlinear thin film flow problems. The results obtained analytic
approximations of a nonlinear problem that arises in the thin film flow of a third grade

fluid on a moving belt.



In [4], studied a comparison of optimal homotopy asymptotic methods (OHAM)
and adomain decomposition methods (ADM) for a thin film flow of third grade fluid on
a moving belt. The result of analysis is that the three terms OHAM solution is more
accurate than five terms of ADM solution and this thus confirms the feasibility of the
proposed method.

As mentioned, it can be seen that many researchers have studied about thin
fluid film flow problems. Therefore, we are realized and interested in studying the thin
fluid film flow problems. We proposed the numerical modeling of a thin fluid film flow
velocity of third grade fluid on a moving belt, using the finite difference method,
Newton iterative method and quasi-Newton iterative method. In our research, they
indicate that velocity of thin fluid film for different parameters. However, the external
accelerated force it affects the thin fluid film flow velocity over the ended layer. Thus,
we distinguish two cases: there is the thin fluid film flow velocity in each nonnegative
rates of change and there are the thin fluid film flow velocity in each negative rates of

change.

1.3 Objectives of the thesis

1.3.1  We can introduce mathematical models of thin film flow velocity
such as
1.3.1.1 The thin fluid film flow velocity model of a third grade fluid

on a between paralleled moving belts.
1.3.1.2 The thin fluid film flow velocity model of a third grade fluid
on a single moving belt.

1.3.2  We can propose a numerical technique that a combination between
a finite difference method and a nonlinear system of equations solving
method.

1.3.3  We can give numerical simulations of thin fluid film flow velocity
nonlinear models of third grade fluid on moving belts in several

different parameters.



1.4 Research methodology

1.4.1

1.4.2

1.4.3

1.4.4

To analyze the conditions for the thin fluid film flow velocity model of
third grade fluid on a between paralleled moving belt to describe the
cohesiveness of fluid moves on a between paralleled moving belt.

To analyze the conditions for the thin fluid film flow velocity model of
third grade fluid on a single moving belt to describe the cohesiveness
of fluid moves on moving belt.

To simulate and approximate the numerical solution of the thin fluid
film flow velocity model by using the finite difference methods (FDM)
and Newton iterative methods.

To simulate and approximate the numerical solution of the thin fluid
film flow velocity model by using the finite difference and Quasi-

Newton iterative methods.

1.5 Scopes of the thesis

1.5.1

1.5.2

1.5.3

1.5.4

1.5.5

1.5.6

1.5.7

The fluid container having a non-Newtonian fluid in it.

Considering material constants of the third grade fluid.

Describe the thin film of fluid flowing over a surface.

To study the thin fluid film flow on a between paralleled moving belt
and a single moving belts.

Describe the velocity of thin fluid film flow on moving belt in each
layers.

To approximate the solution of thin fluid film flow velocity model of a
third grade fluid on a moving belt by finite difference method, Newton
iterative method and quasi-Newton iterative method.

Give numerical experiments and construct computer program for

supporting the numerical solution.



1.6 Expected results

1.6.1

1.6.2

We can obtain the thin fluid film flow velocity model of third grade
fluid on a between paralleled moving belts to describe the
cohesiveness of fluid moves on a between paralleled moving belts.

We can obtain the thin fluid film flow velocity model of third grade
fluid on a single moving belt to describe the cohesiveness of fluid

moves on moving belt.



Chapter 2

Basic Knowledge and Governing Equations

2.1 Non-Newtonian Fluid

In recent times, the investigation of the “non-Newtonian fluid” has becomes a
very interesting and popular research. Perhaps, it is due to their several engineering
and technological applications such as polymers, greases, multi-grade oils, coolant,
petrochemical, floating oil separator, food processing, parts washers, wastewater
sumps and biological solutions etc. Moreover, the resulting problems in the study of
non-Newtonian fluids pose a challenge to applied mathematics, physicists, modelers
and computer scientists.

A thin film flow is defined as a thin layer of fluid flowing over a surface under
the action of external force such as gravity, shear stress etc. Mathematical modeling
of non-Newtonian incompressible thin film flow of third grade fluid gives rise to
nonlinear differential equations. It is well known that exact solutions of these nonlinear
boundary value problems are difficult to obtain. Therefore, numerical solutions

methods and analytical solutions methods are used to handle such type of problems.

2.2 Types of Non-Newtonian Fluid
A non-Newtonian fluid is one whose flow curve (shear stress versus shear rate)
is nonlinear or does not pass through the origin, i.e. where the apparent viscosity, shear
stress divided by shear rate, is not constant at a given temperature and pressure but
is dependent on flow conditions such as flow geometry, shear rate, etc. and sometimes
even on the kinematic history of the fluid element under consideration. Such materials
may be conveniently grouped into three general classes:
2.2.1 First grade fluid : Non-Newtonian Viscosity
Fluids for which the rate of shear at any point is determined only by
the value of the shear stress at that point at that instant these fluids are
variously.

2.2.1.1 Generalized Newtonian fluids : Viscosity is constant.

Stress depends on normal and shear strain rates and also the pressure applied on it

such as custard, blood plasma, and water.



Figure 2.1 Water

(https://www.pharmacy.mahidol.ac.th/knowledge/picture/0340-1.gif)
2.2.1.2 Shear thinning (pseudoplastic) : Apparent viscosity
decreases with increased stress such as blood, nail polish, whipped cream, ketchup,
molasses, syrups, paper pulp in water, latex paint, ice, some silicone oils, some

silicone coatings and sand in water.

Red Blood White Blocd Plateiets.
Celis Cells

Figure 2.2 Blood
(https://www.oneblood.org/ resources/images/content/blood-components.jpg)
2.2.1.3 Shear thickening (dilatant) : Apparent viscosity increases

with increased stress such as suspensions of corn starch in water.

Figure 2.3 Suspensions of cornstarch in water

(https://homehe.ru/public/856-krem-743x785.jpg)

& = Y o [ 14 = =3 & 1 Y o ¥ L% 1%
nanstiluenansianulidwiunisldanunenisfinyingu leygmlihlldusyleviounism

v
[

Lidnsdilag Nsdu Snnsinudlvidaudadiiion wazdesanededsdvesenaisnnasaniinisunbuly
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2.2.2 Second grade fluid : Time-dependent viscosity

more complex fluids for which the relation between shear stress and
shear rate depends, in addition, upon the duration of shearing and their
kinematic history.

2.2.2.1 Thixotropic : Apparent viscosity decreases with duration of stress
such as yogurt, peanut butter, xanthan gum solutions, aqueous iron oxide gels,
gelatin gels, pectin gels, hydrogenated castor oil, some clays (including
bentonite, and montmorillonite) , carbon black suspension in molten tire
rubber, some drilling muds, many paints, many floc suspensions and many

colloidal suspensions.

-

N f A
. R . Saabinc, B
‘\*’!\} ) \(L
4y h | -

Figure 2.4 Yogurt
(https://cravingchronicles.files.wordpress.com/2010/05/img_5915 wm.jpg)
2.2.2.2 Rheopecty : Apparent viscosity increases with duration

of stress such as printer ink, synovial fluid and gypsum paste.

Figure 2.5 Printer Ink

(http://www.ajcomputerspecialists.co.uk/images/LC980%201100.jpg)
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2.2.3 Third grade fluid : Viscoelastic

substances exhibiting characteristics of both ideal fluids and elastic

solids and showing partial elastic recovery and after deformation.

2.2.3.1 Kelvin material, Maxwell material : "Parallel" linear

combination of elastic and viscous effects such as some lubricants, whipped

cream and silly putty.

Figure 2.6 Lubricant

(https://www.mmthailand.com/wp-content/uploads/2017/07/oil-analysis.jpg)

2.3 Governing equations

2.3.1 The thin fluid film flow velocity model of a third grade fluid on a

between paralleled moving belt.

The thin film flow of third g¢rade fluid on a moving belt is coverned by the

following nonlinear boundary value problem. [4]

where

2 S 2
d—‘2)+6('32—'@)(ﬂj d—f—£=o, forall 0<x<d, (2.1)
dx U dx ) dx

v is the fluid velocity (m /s ),
p is the density of fluid (Kg / m’),
4 is the dynamic viscosity (Pa-S),
B,, B, are the material constants of the third grade fluid (non-unit),
g s gravity acceleration (m/s*),
8 is the uniform thickness of the fluid film (),

u,,u, are the left speed belt and right speed belt (m/s),
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Paralleled Moving Belts

Third erade fluid

Figure 2.7: The thin fluid film flow velocity model of a third grade fluid on a between
paralleled moving belt.

subject to the boundary conditions
v(0)=u,, (2.2)

v(é‘)zu \ (2.3)

2.3.2 The thin fluid film flow velocity model of a third grade fluid on a

single moving belt.

The thin film flow of third grade fluid on a moving belt is governed by the
following nonlinear boundary value problem. [4]
d_%+6(ﬂ2+ﬂ3)[ﬂ)2 dzv_pg

. ——===0, forall 0<x<¢, (2.1)
dx U dx) dx”
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Moving belt gf\ /l

Third grade fluid
< /

Y/

— - 2 ww YT ror or —

Figure 2.8: The thin fluid film flow velocity model of a third grade fluid on a single

moving belt.
subject to the boundary conditions
v(0)=U,, (2.5)
dv
E XAA I, (2.6)

where

U, is the speed of the belt,

k' is the rate of change of the fluid velocity on the ended layer.



Chapter 3

Numerical method for a thin fluid film flow
velocity of a third grade fluid between paralleled

moving belts and single moving belt

3.1 A thin fluid film flow velocity of a third grade fluid between
paralleled moving belts model

3.1.1 The thin film flow of third grade fluid on a moving belt is governed

by the following nonlinear boundary value problem. [4]

2 21
ﬂ+6(ﬂ2+ﬂ3)[§j %—ﬁzo, forall 0<x<s, (2.1)
bt diy =4

dx’ U

where v is the fluid velocity (m/s),
p s the density of fluid (Kg /m’),
4 is the dynamic viscosity (Pa-.S),
B,, B, are the material constants of the third grade fluid (non-unit),
g s gravity acceleration (m/s*),
) is the uniform thickness of the fluid fitm (m ),

u,,u, are the left speed belt and right speed belt (m/s).

Here, we introduce the following dimensionless variables:
X

X :g,
v

Vo=—,
U,
- (ﬂi;;&) U,
_PE 5
M,

(3.1)

m
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From (2.1) and (3.1), we obtain the dimensionless form as
d*v 6 ( dv jz d*v

-+ — ~—m=0, forall 0<x<lI, (3.2)
d(x*) dx d(x*)

We get the simple dimensionless model as

" n 5, forall 0<x<1,
dv
1+608| —
o2

3.1.2 Boundary conditions of a thin fluid film flow velocity of a third

grade fluid between paralleled moving belts model

Raadi:
ST ge——
- TiRaN: ==
e
||
5-1111111111@”“
2l \BEp
1A

__f> Third grade fluid

R i?
Figure 3.1: The thin fluid film flow velocity model of a third grade fluid on a between
paralleled moving belt.
Accordind to the paralleled moving belt, the left and the right belts speed are
constants as show in Figure 3.1, we have

v(0)=u, (3.3)

v(6)=u,. (3.4)
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3.1.3 Finite difference method for a thin fluid film flow velocity of a
third grade fluid between paralleled moving belts model

We will approximate the solution by using finite difference methods for
nonlinear boundary value problem with Dirichlet boundary conditions Eq.(3.2)-(3.4)

that can be written in a compact from as below,

4 m

V' = 1+6ﬂ(v’)2 , forall 0<x<1, (3.5)

subject to
v(0)=u, (3.6)
v(l)=u,. (3.7)

We divide [0,1] into N+1 subintervals that endpoints are at V, =d +ih, for all
i=0,1,..,N+Lwhere h=1/(N +1). By using the centered finite difference method

[5], the finite difference equation can be written as follows,

vi+1 _2‘; +Vi_1 E— & b & for au i=0,1,...,N, (38)
h 1+6ﬂ("i+1_"i1
2h
and
Ve U (3.9)
B i (3.10)

It follows that

3B 3B 3B B B
i1 +E ?(Viil) _5? Vi2+lvi—1) _5 F(vaz‘z—l) =2V, _3F(Vivz‘2+l) +6?(vi71vivi+l)
— h—'62(1/,.21\/l.)+v[1 +%§(vfl):mh2, forall i=0,1,..., N, (3.11)

For i =1, plug the known value of the left boundary V, =¥, to Eq.(3.11) on the left

hand side, we obtain

B 3B 3B 3B B 3
(—2—3?)\/1+(1—5F)v2—5?v§—5h—2v1v§+6— 3 P =
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For i=2,3,....N—1, Eq.(3.10) becomes

3B 38, 3B 3p 3B B
it hz Via— hz Vl Vis1 — h_zvi—lvir] -2 i 2? i 12+1 D) /’12 i2—1 i+6h_2vt 1ViVia

+Vi+1 2 i+l

+§£v.3 =mh. (3.13)
2 h

For i = N, plug the known value of the right boundary Vy,; =U, to Eq.(3.10) on
the right hand side, we obtain

35 3P B ﬂ ﬂ 38 3
(1 2h2) N-1 Ehz ]2\/ 1+(_2 3_)V 2 V +6 N 1VN+__2vf3\'—1:mh2_ur_§h_2‘
(3.14)

3.1.4 Newton iterative method for nonlinear finite difference method of
a thin fluid film flow velocity of a third grade fluid between paralleled moving

belts model

Apply the Newton iterative to the system of simutaneous on nonlinear

equation Egs.(3.12-3.14) that can be written in a vector from as

F() =i s V05 fo (Va5 i3 Va s ees s Wi, Vi ))'5 where

B 30 3B |7 B 30
SV, vy ) = (—2—3h—2)v1+(1—§?) 2__? 2 2 - vlv2 +6h Vv, +2h—2V§
30
—(mfi Dy AN (3.15)
(mh” —v, 2h2)
30 A 3/ 3B 3/
JiWpsesvy) = VFl"'EFVil_Eh_sz Vi ™ Eh_zvi—lvzil_zvi 2 hz sz+1 Z?Vzilvi
+6 '82 Vo VYV, YW, .0+ 3 ﬁz ¥ mh?, forall ;=2,3,....N—1, (3.16)
h 2 h
3 3 3
InWisesv )_(I_Zl’i) N—_2}1182VN1+( —2- 3,8)N }IgVNlV +6hﬂ VnaVn
+§£v,v7]—(mh2—u —Eﬁ). (3.17)

2 h? 2R

The Jacobian matrix J(V) for the system of Egs.(3.15-3.17) is given by
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[of lov, of, /v, - Of /o, ]

) of, | v, 8f2/:8v2 o vy |

OfJov, Ofy v, ... Ofyldvy

Choosing that ¥° =(v1(0),...,v§f))t , we can obtain F(VO) and J(V”). Solving the

linear system,

J(r)u = _F(V“))), (3.18)
we will obtain U, Then
) Z 0 L) (3.19)
Continuing for £ =2,3,..., we have
R 1 ey VS (3.20)
where
U*D = —(JOD, D) T QD D), (3.21)

3.2 A thin fluid film flow velocity of a third grade fluid on a single

moving belt model
3.2.1 Governing equation of a thin fluid film flow velocity of a third

grade fluid on a single moving belt model

%+6ﬂ(%f%—mzo, for all 0<x<1. (3.2)
3.2.2 Boundary conditions of a thin fluid film flow velocity of a third
grade fluid on a single moving belt model
According to the single moving belt is going up as show in Figure 3.2. The left
boundary condition is assumed under the assumption that left end of the fluid film
flow velocity is equal to the belt speed. The right boundary condition is also

assumed to be the rate of change on the right end of the fluid flow velocity. These

mean that the left and the right boundary conditions become,
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v(0)=U,, (3.22)

and v(l)=x. (3.23)

'—% Fluid layer

—>m m ~
"N i\ /J
.< j‘ \\7/

: u —
v Third grade fluid

Figure 3.2: The thin fluid film flow velocity model of a third grade fluid on a single

moving belt.

3.2.3 Finite difference method for a thin fluid film flow velocity of a
third grade fluid on a single moving belt model

We will approximate the solution by using finite difference methods for
nonlinear boundary value problem with Dirichlet boundary conditions Eq.(3.1)-(3.3)

that can be written in a compact from as below,

d—z‘;+6ﬁ(@jzd—z‘;—m=0, forall 0<x<I. (3.23)
dx dx ) dx
subject to

v(0)=U,, (3.24)
and v (1) =K. (3.25)

where U, is the speed of belt and

K s the rate of change of the fluid velocity on the ended layer.
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We divide [0,1] into N+1 subintervals that endpoints are at v, =a+ih for all

i=0,1,..,N+1, where h=1/(N+1). By using the centered finite difference method

[5], the finite difference equation can be written as follows,

Vin T2V Vi, m _, forall i=0,1,..., N, (3.26)
h2 1+6ﬂ(vz’+l _Vilj
2h
and
v(0)=0,, (3.27)
and v(l)=x. (3.28)

It follows that

3 J ﬁ yo)
vt B0 =2 B 02w )25 0,08 )= 20 35 )+ 6 50, vy
—3h—'6;(vl~21vi)+v +EIB(V ' Y=mh*, foral i=0,1,...,N, (3.29)

For i =1, plug the known value of the left boundary v, =U, to Eq.(3.10) on the left

hand side, we obtain

vl —gﬁvlv2 RG-

B
2 2h2

3 B 3B 3B
Eh h2 A +Eh_2V;:mh2_vl_5?'

(3.30)

(238w a=2 L, -
For i=2,3,....N~1, Eq.(3.10) becomes

3 38 38
V,«71+5?V,~31—5?V, Wi — E?vi—lvzil_2vi_5?vivi+l S Vi te T

i+1

To modify the finite difference method to a Neumann conditions, v’(l) =k, £Eq.(3.29)

Fori=N,

2hk +v,, , +%§(2hk+vl\,_l)3——£((2hk+ V) vy 1)— 'B —(2hk +v,_, Wwr ) =2,
ﬂ =y 2hk+v,_ D) )+6 i > (Vo vy Rk +vy ) — 3 ﬂ +%hﬁ2(vf{,1):mh2.

(3.32)
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3.2.4 Newton iterative method for nonlinear finite difference method of
a thin fluid film flow velocity of a third grade fluid on a single moving belt
model

Apply the Newton iterative to the system of simutaneous on nonlinear

equation Egs.(3.11-3.13) that can be written in a vector from as

F(V):(ﬁ(vla N) .fz(vza -V ) fN(Vla N))t, where
e vy) = (—2—3@)v1+(1——ﬁ) v, L2 3L 06l 3B

2 W Y h? 2K
3p
—(mh® —v, — 5 hz) (3.33)
38 3 VA \ 3 3/ 30 3/
SiWises V) =V +— > hz 131 _E?Vz \WMA/7 Eh_zvi—lviz-e-l -2y, _E?Vivil _E?Vzilvi
+6h£2v el e W +%h—ﬂ2 Vi —1/}1h2 forall i=2,3,..,N—1, (3.34)

8 3
InWysees V) =2hk +v, | +5h—'6;(2hk Vo) == ’B “— ((2hk +v,_ D7V )

—%ﬁ«zhkw WD 2w ﬂ L @k v, )+ 650 vy 2k +v,)

—3§ +Vyy +%§(V?H) —mh’. (3.35)

The Jacobian matrix J(¥) for the system of Egs.(3.33-3.35) is given by

[of [ov, . ofy v, - of vy ]

Sy | PO BBy, O 1,

Ofy 1 Ov, Ofy/0vy ... Ofyovy |
Choosing that 7° =(v1(0),...,v](\?))t , we can obtain F(VO) and J(VO). Solving the
linear system,
J(r)u =-F(r?), (3.36)
we will obtain U, Then
yO =y y®, (3.37)
Continuing for k£ =2,3,..., we have

= A= g (3.38)
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where

U =IO e i) F O ), (3.39

3.2.5 Quasi-Newton iterative method for nonlinear finite difference
method of a thin fluid film flow velocity of a third grade fluid on a single
moving belt model

Apply the Newton iterative to the system of simutaneous on nonlinear

equation Egs.(3.11-3.13) that can be written in a vector from as

F(V):(fl(vl’ VN) fz(vza ) fN(VID VN))Z: where

3 3 3
SV, vy) = (_2_3}1_,82)‘}1 +(l—2 ﬁ) v, _Eh_ﬁzvzz _Ef WV, +6}’ZB vV, +Ehﬁ2v§’
3B
_ hz_ (3.40)
(m 2h2)
3 3 3 3 3
fi(Vls N) v E +Ehﬁzvf_]—5h—'32vlilv[+l— ;vl] l+1_2v _E}Ii V; l+1_5hﬁz lzlvl
+6£ ,1V,V,+1+Vl+1+;£ v —mh’, forall i=23,.. N1, (3.41)

3
IV V) =20k +vy | E L NN 1) —2 'B 3 NLREF Vigm 1) V1)

—%ﬁ((th+vN l)VN W ZVN—3 s wyRhk +v, ) )+6£(VN Wy Chk+v, )

3L P R\ ﬁZ (Vyy) —mh’. (3.42)
h’ 2k

The Jacobian matrix J(¥) for the system of Eqs.(3.40-3.42) is given by

Cof fov,  of, /v, - Of lov, ]

J) = of, 1 ov, 8]‘2/'8\/2 of, / ovy

O 10y, Oy l0v, ... Of,]0v, ]

Choosing that V' = (v (0),...,1/1(\?))’, we can obtain F(V(O)) and J(V(O)). Solving the

linear system,

J(V(O) ) U = —F(V("’ ) (3.43)
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we will obtain U, Then
yO =y Ly, (3.44)
Continuing for £ =2,3,... we have
vO =y s atr(r0). (3.45)
So V' is also determined, the method is repeated to determine v, using A(l)

in place of A(O) :J(VO), and with ¥ and 7" in place of vWand ¥,

) (i+1)

In general, once V' has been determined, V) is computed by

\ Vi Z AiflSi t

L SN 77 (3.46)
|1

and

b 2p9 4 47 PV ), (3.47)
where the notation ¥, = F(V ")~ F(7"") and S,/= VO 1% s introduced to
simplify the equations.

4s.. =-FWV"). (3.48)

i+l T



Chapter 4

Numerical experiment of a thin fluid film flow
velocity of a third grade fluid between paralleled

moving belts and a single moving belts

4.1 A thin fluid film flow velocity of a third grade fluid between
paralleled moving belts model by using the finite difference methods

and Newton iterative methods.

Example 4.1.1 Assume, that the third grade fluid is flowing on a couple of 2
paralleled moving belts. The gap between 2 belts is ¢ =1. Both of 2 belts have the

same moving speed, v(O) = l,v(l) =1. The related parameter are m=0.5 and
L =0.25.1n this simulation, we will choose & =0.25 and tolerance of computed is

0.5x107. We will employ the finite difference method Eq.(3.11) and the Newton
iterative method Eqgs.(3.15)-(3.17).

3 3
vats Lol =2 L) 2 Loty 3L 6 L0 )
—3h—ﬁ2(vl.21vl.)+v +%hﬁ(vl ) =mh?, forall i=0,1,...,N, (3.10)

If i=1, then —14v,—5v, +24v,v, =12v,V2 —6v; + 6V, = —6.96875.

If i =2,then v, +6v; =120, —6v5 —6v7v, =2v, — 120,05 + 24w v, +v, +6v; =0.03125.
If i =3, then —5v, —6v; +24v,v, +6v3 —12vJv, —14v, ==6.96875.

Then F(V) :(fl (v],...,vn),f2 (v],...,vn),...,fn (vl,...,vn))t , Where

Fi ey, ) = =14y, =5v, + 24vv, —12vv; —6v; +6v; =—6.96875,

£ v,) = +6V) =12070, =617 —6v7v, —2v, =120, + 24w, +v, +6v; =0.03125,
Fi e v,) = =5V, =6V +24v,v, +6v3 =123y, —14v, =—6.96875,



~14+24v, -12v;
J(V)=| 1418y = 24wy, - 6v; ~ 120,y
We choosing that

1

@O =111

1

Then v = —J(V(O) )_] F(V(O)),

r -1

11 [-2 1 07 [-0.03125
=[1]-| 1 -2 1| ]-0.03125],
1] |0 1 -2 |-0.03125
[0.9531
=10.9375 |.
 0.9531

P

Then w2 =yl _J(V(I)) F<v(l))’

[0.95317] [=2.0469 1 AN
=10.9375 |- 1 ) 1
 0.9531 0 1 -2.0469
[0.9536
=10.9377 |.
10.9536
-1
Then v =y? —J(v(z)) F(v(z)),
[0.95367] [=2.0466 1.0005 0
=10.9377 |- 1 By 1
0.9536 0 1.0005 —2.0466
[0.9535
=10.9379 |.
0.9535
-1
Then v =0 —J(V(3)) F(v(3)),
0.9535] [=2.0463 1.0001 0

=10.9379 |- 1 -2
0.9535 0 1.0001

1
—-2.0463

=5+ 24y, - 24y, - 12v, +18v;
—12v7 =2-12v; + 24w,
0 ~5—12v, +24v, +18v; —24v,y,

0.0008
—-0.0001 |,
0.0008

-1

-1

—-0.0004
0.0005
—-0.0004

0.0004
-0.0001 |,
0.0004

b

0

2y, ~12v} ~14

25

~12v; =6v] =24v,v, + 24y, +1+18y; |.



0.9538
=10.9382 |.
0.9538

Thus v =¥ —J(v(4) )71 F(v(4)),

[0.9538] [—2.0458 1.0002 0 'l 0.0001
=10.9382|-| 1 -2 1 —0.0001 |,
109538 0 1.0002 —2.0458| | 0.0001
[0.9538]
=10.9382 |.
 0.9538 |

We can get the solution as show in Table 4.1 and Figure 4.1.
Table 4.1: Thin film flow velocity of a third grade fluid on a between paralleled
moving belt with m=0.5 and £ =0.25 by using the finite difference methods and

Newton iterative methods.

Wi AVS v Be
0 1 1 1

1 0.9531 0.9375 0.9531
2 0.9536 0.9377 0.9536
3 0.9535 0.9379 0.9535
4 0.9538 0.9382 0.9538
5 0.9538 0.9382 0.9538

0 or 02 03 04 05 06 07 08 089 1
X

Figure 4.1: Thin film flow velocity of a third grade fluid on a between paralleled
moving belt with m=0.5 and B =0.25 by using the finite difference methods and

Newton jterative methods.
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Example 4.1.2 Assume, that the third grade fluid is flowing on a couple of 2
paralleled moving belts. The gap between 2 belts is ¢ =1. Both of 2 belts have the
same moving speed, v(0) =1,v(1) =1.The related parameter are m=0.5 and

£ =0.5. In this simulation, we will choose & =0.25 and tolerance of computed is
0.5x107. We will employ the finite difference method Eq.(3.11) and the Newton
iterative method Egs.(3.15)-(3.17). We can get the solution as show in Table 4.2 and
Figure 4.2.

Table 4.2: Thin film flow velocity of a third grade fluid on a between paralleled
moving belt with m= 0.5 and £=0.5 by using the finite difference methods and

Newton iterative methods.

k v](k) vék) v§k)
0 1 1 1

1 0.9531 0.9375 0.9531
2 0.9544 0.9388 0.9544
3 0.9545 0.9388 0.9545
a4 0.9545 0.9388 0.9545

0.99

098

097 1

¥

0.96 -

095

0.94

0.93
0

I 1 L I I I L I !
01 oz 03 04 05 0B 07 08 09 1

Figure 4.2: Thin film flow velocity of a third grade fluid on a between paralleled
moving belt with m=0.5 and £=0.5 by using the finite difference methods and

Newton iterative methods.
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Example 4.1.3 Assume, that the third grade fluid is flowing on a couple of 2
paralleled moving belts. The gap between 2 belts is ¢ =1. Both of 2 belts have the
same moving speed, v(0) =1,v(1) =1.The related parameter are m=0.5 and

£ =0.75. In this simulation, we will choose 4 =0.25 and tolerance of computed is
0.5x107. We will employ the finite difference method Eq.(3.11) and the Newton
iterative method Egs.(3.15)-(3.17). We can get the solution as show in Table 4.3 and
Figure 4.3.

Table 4.3: Thin film flow velocity of a third grade fluid on a between paralleled
moving belt with m=0.5 and £ =0.75 by using the finite difference methods and

Newton iterative methods.

i Vl(k) Vék) vgk)

0 1 1 1

1 0.9531 0.9375 0.9531

2 0.9551 0.9394 0.9551

3 0.9551 0.9394 0.9551
|

o

oo

ﬁD'g?_

=%

o5

oea

T

Figure 4.3: Thin film flow velocity of a third grade fluid on a between paralleled
moving belt with m=0.5 and £ =0.75 by using the finite difference methods and

Newton iterative methods.
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Example 4.1.4 Assume, that the third grade fluid is flowing on a couple of 2
paralleled moving belts. The gap between 2 belts is ¢ =1. Both of 2 belts have the
same moving speed, v(0) =1L v(1) =1.The related parameter are m=0.125 and

£ =0.5. In this simulation, we will choose & =0.25 and tolerance of computed is
0.5x107. We will employ the finite difference method Eq.(3.11) and the Newton
iterative method Egs.(3.15)-(3.17). We can get the solution as show in Table 4.4 and
Figure 4.4.

Table 4.4: Thin film flow velocity of a third grade fluid on a between paralleled
moving belt with m=0.125 and £ =0.5 by using the finite difference methods and

Newton iterative methods.

I vl(k) vék) vgk)
0 1 1 ).

1 0.9883 0.9844 0.9883
2 0.9883 0.9845 0.9883
. 0.9883 0.9844 0.9883
4 0.9883 0.9844 0.9883

1.002

0,995

0.996

0954 -

¥

0982 -

0.8+

0985 -

0.986 -

0.984

Figure 4.4: Thin film flow velocity of a third grade fluid on a between paralleled
moving belt with m=0.125 and £ =0.5 by using the finite difference methods and

Newton iterative methods.
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Example 4.1.5 Assume, that the third grade fluid is flowing on a couple of 2
paralleled moving belts. The gap between 2 belts is ¢ =1. Both of 2 belts have the
same moving speed, v(0) =1 v(1) =1.The related parameter are m =0.25 and

L =0.5. In this simulation, we will choose /£ =0.25 and tolerance of computed is
0.5x107. We will employ the finite difference method Eq.(3.11) and the Newton
iterative method Egs.(3.15)-(3.17). We can get the solution as show in Table 4.5 and
Figure 4.5.

Table 4.5: Thin film flow velocity of a third grade fluid on a between paralleled
moving belt with m=0.25 and £ =0.5 by using the finite difference methods and

Newton iterative methods.

R o ¥
0 1 i’ 1

1 0.9766 0.9688 0.9766
2 0.9767 0.9689 0.9767
3 0.9768 0.9690 0.9768
4 0.9768 0.9690 0.9768

1.008

0895
ns9t
Zooes|
g8}

0975

087

8 %SD DI1 D‘Q DIS Dlrl DIS DIE D‘F’ DIB DIQ 1
Figure 4.5: Thin film flow velocity of a third grade fluid on a between paralleled
moving belt with m =0.25 and £ =0.5 by using the finite difference methods and

Newton iterative methods.
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Example 4.1.6 Assume, that the third grade fluid is flowing on a couple of 2
paralleled moving belts. The gap between 2 belts is ¢ =1. Both of 2 belts have the

same moving speed, v(0)=1,v(1)=1. The related parameter are m=0.75 and

L =0.5. In this simulation, we will choose /& =0.25 and tolerance of computed is
0.5x107°. We will employ the finite difference method Eq.(3.11) and the Newton

iterative method Egs.(3.15)«(3.17). We can get the solution as show in Table 4.6 and
Figure 4.6.

Table 4.6: Thin film flow velocity of a third grade fluid on a between paralleled
moving belt with m=0.75 and £ =0.5 by using the finite difference methods and

Newton iterative methods.

* (k) (k) (k)

Y Ya V3
0 1 1 1
1 0.9297 0.9062 0.9297
2 0.9337 0.9103 (0293305
3 0.9337 0.9103 0.9337

01 02 03 04 08 0B 07 08 08 1

Figure 4.6: Thin film flow velocity of a third grade fluid on a between paralleled
moving belt with m=0.75 and £ =0.5 by using the finite difference methods and

Newton iterative methods.
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4.2 A thin fluid film flow velocity of a third grade fluid on a single
moving belt model by using the finite difference methods and Newton

iterative methods.

Example 4.2.1 Assuming that the third grade fluid is flowing on a single moving belt.
The thickness of the thin film is & =1. The speed of a considered moving belt is
v(0)=1. The rate of change of the thin film flow velocity about the frontier is

V(1) =0. By using the finite difference method Eq.(3.29) and the Newton iterative

method Eqs.(3.33)-(3.35), We have

3 3 3
U et (R Bt UV B e X RS YT O
—3%(Vf_1v[)+v, 3 ’B(v ') =mh>, forall i=0,1,.. (3.29)

We can get the solution as show in Table 4.7 and Figure 4.7.
Table 4.7: Thin film flow velocity of a third grade fluid on a single moving belt with
speed of a considered moving belt is v(0)=1. The rate of change of the thin film

flow velocity about the frontier is V'(l) =0 by using the finite difference methods

and Newton iterative methods.

=

(k) (k) (k) (k) (k) (k) (k) (k) (k) (k)
Vi V) Vs Vy Vs Ve Vs Vg Vo Vio

0 1 i\ 1 1 1 1 1 1 1 1

1 09748 0.9523 0.9324 0.9152 0.9006 0.8887 0.8794 0.8728 0.8688 0.8675
09762 0.9546 0.9355 0.9187 0.9044 0.8926 0.8834 0.8768 0.8729 0.8716
09762 0.9546 0.9355 09187 0.9044 0.8927 0.8835 0.8769 0.8729 0.8716
09762 0.9546 0.9355 09187 0.9044 0.8927 0.8835 0.8769 0.8729 0.8716

A LW N
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Figure 4.7: Thin film flow velocity of a third grade fluid on a single moving belt with
speed of a considered moving belt is v(O) =1. The rate of change of the thin
film flow velocity about the frontier is v’(l) =0 by using the finite difference

methods and Newton iterative methods.

Example 4.2.2 Assuming that the third grade fluid is flowing on a single moving belt.
The thickness of the thin filmis 0 =1. The speed of a considered moving belt is
v(0) =1. The rate of change of the thin film flow velocity about the frontier is

v’(l) =0.00025. We can get the solution as show in Table 4.8 and Figure 4.8.

Table 4.8: Thin fitm flow velocity of a third grade fluid on a single moving belt with
speed of a considered moving belt is v(O) =1. The rate of change of the thin film
flow velocity about the frontier is v'(1) = 0.00025 by using the finite difference

methods and Newton iterative methods.

(k) (k) (k) (k) (k) (k) (k) (k) (k)
V) Vs V4 Vs Ve Vs Vg Vo Vio

=

(k)
Vi

0 1 1 1 1 1 1 1 1 1 1

1 09749 09524 0.9325 0.9153 0.9008 0.8889 0.8796 0.8730 0.8691 0.8678
09762 09546 09355 0.9187 0.9044 0.8926 0.8834 0.8768 0.8729 0.8716
09762 09547 09355 0.9188 0.9045 0.8928 0.8836 0.8770 0.8731 0.8718
09762 09547 09355 0.9188 0.9045 0.8928 0.8836 0.8770 0.8731 0.8718

A LW N
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] 0.1 0z 03 04 0s 0B 07 0s 09 1
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Figure 4.8: Thin film flow velocity of a third grade fluid on a single moving belt with
speed of a considered moving belt is v(O) =1. The rate of change of the thin
film flow velocity about the frontier is v’(l) =0.00025 by using the finite difference

methods and Newton iterative methods.

Example 4.2.3 "Assuming that the third grade fluid is flowing on a single moving belt.
The thickness of the thin film is 0 =1. The speed of a considered moving belt is
v(O) =1. The rate of change of the thin film flow velocity about the frontier is

v'(l) =0.0005. We can get the solution as show in Table 4.9 and Figure 4.9.

Table 4.9: Thin film flow velocity of a third grade fluid on a single moving belt with
speed of a considered moving belt is v(O) =1. The rate of change of the thin film
flow velocity about the frontier is (1) = 0.0005 by using the finite difference

methods and Newton iterative methods.

I e e e U U
0 1 1 1 1 1 1 1 1 1 1
1 09749 0.9524 0.9325 0.9153 0.9008 0.8889 0.8796 0.8730 0.8691 0.8678
2 09762 09546 0.9355 09187 09044 0.8926 0.8834 0.8768 0.8729 0.8716
3 09762 09547 0.9355 09188 0.9045 0.8928 0.8836 0.8770 0.8731 0.8718
4 09762 0.9547 0.9355 09188 09045 0.8928 0.8836 0.8770 0.8731 0.8718
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Figure 4.9: Thin film flow velocity of a third grade fluid on a single moving belt with
speed of a considered moving belt is v(O) = 1. The rate of change of the thin
film flow velocity about the frontier is v'(l) =0.0005 by using the finite difference

methods and Newton iterative methods.

Example 4.2.4 Assuming that the third grade fluid is flowing on a single moving belt.
The thickness of the thin film is ¢ =1. The speed of a considered moving belt is
v(0) =1. The rate of change of the thin film flow velocity about the frontier is

v'(l) =0.001. We can get the solution as show in Table 4.10 and Figure 4.10.

Table 4.10: Thin film flow velocity of a third grade fluid on a single moving belt with

speed of a considered moving belt is v(O) =1. The rate of change of the thin film
flow velocity about the frontier is v’(l) =0.001 by using the finite difference

methods and Newton iterative methods.

E0 0 0 0 W 0 0 )
0 1 1 1 1 1 1 1 1 1 1
1 09749 0.9525 0.9327 09156 09011 0.8893 0.8801 0.8736 0.8697 0.8685
2 09762 09548 09357 0.9190 0.9049 0.8932 0.8841 0.8776 0.8737 0.8725
3 09763 09548 09357 09191 0.9049 0.8932 0.8841 0.8776 0.8737 0.8725
4 09763 0.9548 0.9357 09191 0.9049 0.8932 0.8841 0.8776 0.8737 0.8725
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Figure 4.10: Thin film flow velocity of a third grade fluid on a single moving belt with

speed of a considered moving belt is v(O) =1. The rate of change of the thin film

flow velocity about the frontier is v’(l) = 0.001 by using the finite difference

methods and Newton iterative methods.

Example 4.2.5 Assuming that the third grade fluid is flowing on a single moving belt.

The thickness of the thin filmis & =1. The speed of a considered moving belt is

v(O) =1. The rate of change of the thin film flow velocity about the frontier is

v'(1) ==0.001. We can get the solution as show in Table 4.11 and Figure 4.11.

Table 4.11: Thin film flow velocity of a third grade fluid on a single moving belt with

speed of a considered moving belt is v(O) =1. The rate of change of the thin film

flow velocity about the frontier is v’(l) =—0.001 by using the finite difference

methods and Newton iterative methods.

(k)
vl

(k)

(k)

(k)

(k)

(k)

(k)

(k)

(k)

(k)

k V2 V3 V4 Vs Ve V7 Vs Vo Vio
0 1 1 1 1 1 1 1 1 1 1
1 09747 0.9521 0.9321 09148 09001 0.8881 0.8787 0.8720 0.8679 0.8665
2 09762 0.9548 0.9357 09190 0.9049 0.8932 0.8841 0.8776 0.8737 0.8725
3 09761 09545 009352 09184 0.9040 0.8921 0.8841 0.8828 0.8761 0.8706
4 09761 0.9545 09352 009184 0.9040 0.8921 0.8841 0.8828 0.8761 0.8706
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Figure 4.11: Thin film flow velocity of a third grade fluid on a single moving belt with

speed of a considered moving belt is v(O) = 1. The rate of change of the thin film
flow velocity about the frontier is v’(l) =—-0.001 by using the finite difference

methods and Newton iterative methods.

Example 4.2.6 Assuming that the third grade fluid is flowing on a single moving belt.
The thickness of the thin filmis 6 =1. The speed of a considered moving belt is
v(O) = 1. The rate of change of the thin film flow velocity about the frontier is

V(1) = =0.0005. We can get the solution as show in Table 4.12 and Figure 4.12.

Table 4.12: Thin film flow velocity of a third grade fluid on a single moving belt with

speed of a considered moving belt is v(O) =1. The rate of change of the thin film
flow velocity about the frontier is v’(l) = —0.0005 by using the finite difference

methods and Newton iterative methods.

(k) (k) (k) (k) (k) (k) (k) (k) (k) (k)
Y v, Vs V4 - Ve Vi Vg Vo Vio

1 1 1 1 1 1 1 1 1 1
09748 0.9522 0.9323 0.9150 0.9004 0.8884 0.8791 0.8724 0.8684 0.8670
09761 09545 09353 0.9185 0.9042 0.8924 0.8831 0.8765 0.8725 0.8711
09761 09546 09353 0.9185 0.9042 0.8924 0.8831 0.8765 0.8725 0.8711
09761 09546 09353 0.9185 0.9042 0.8924 0.8831 0.8765 0.8725 0.8711

A O N = O
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Figure 4.12: Thin film flow velocity of a third grade fluid on a single moving belt with

speed of a considered moving belt is v(O) = 1. The rate of change of the thin film
flow velocity about the frontier is v’(l) = —0.0005 by using the finite difference

methods and Newton iterative methods.

Example 4.2.7 Assuming that the third grade fluid is flowing on a single moving belt.
The thickness of the thin filmis 6 =1. The speed of a considered moving belt is
v(O) =1. The rate of change of the thin film flow velocity about the frontier is

V(1) = —0.00025. We can get the solution as show in Table 4.13 and Figure 4.13.

Table 4.13: Thin film flow velocity of a third grade fluid on a single moving belt with

speed of a considered moving belt is v(O) =1. The rate of change of the thin film
flow velocity about the frontier is v’(l) =-0.00025 by using the finite difference

methods and Newton iterative methods.

(k) (k) (k) (k) (k) (k) (k) (k) (k)
V) Vs V4 Vs Ve Vs Vg Vo Vio

=

(k)
4

0 1 1 1 1 1 1 1 1 1 1

1 09748 09522 0.9323 0.9150 0.9004 0.8884 0.8791 0.8724 0.8684 0.8670
09761 09545 0.9353 0.9185 0.9042 0.8924 0.8831 0.8765 0.8725 0.8711
09761 0.9546 0.9353 0.9185 0.9042 0.8924 0.8831 0.8765 0.8725 0.8711
09761 0.9546 0.9353 0.9185 0.9042 0.8924 0.8831 0.8765 0.8725 0.8711

A L N
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Figure 4.13: Thin film flow velocity of a third grade fluid on a single moving belt with

speed of a considered moving belt is v(O) =1. The rate of change of the thin film

flow velocity about the frontier is v’(l) =—0.00025 by using the finite difference

methods and Newton iterative methods.

4.3 A thin fluid film flow velocity of a third grade fluid on a single

moving belt model by using the finite difference methods and Quasi-

Newton iterative methods.

Example 4.3.1 Assuming that the third erade fluid is flowing on a single moving belt.

The thickness of the thin film is 0 =1. The speed of a considered moving belt is

v(O) =1. The rate of change of the thin film flow velocity about the frontier is

v'(l) = 0. By using the finite difference method Eq.(3.29) and the Quasi-Newton

iterative method Egs.(3.40)(3.42), We have

3p 3p Bl s s
Via t e Vi3+1) e V:'2+1Vi71) 52 (Vi+1vil) —=2v, -3 2 (Vivi2+1) +6 2 VioVivir)
— ﬁz Vi v)+v, + Eﬁz (v ,))=mh*, forall i=12,...,N. (3.29)
h 2h
If i=1, =152y, —74v, +300vy, —=150vv; —75v; +75v; =—75.9973

fi=2,
ifi=3,
if i =4,
fi=35,

v+ 75V =150v7 v, = 75vvi = 75viv, = 2v, —=150v,v; +300v,v,v, +v; +75v; = 0.0027
v, +75v; =150viv, = 75v,v; = 75v3v, —2v, =150v,v; +300v,v,v, +v, +75v; =0.0027
vy +75v; =150v5v, = 75v,0% = T5viv, —2v, —=150v,v; +300v,v,v, +v; +75v; = 0.0027

Vit 75v; =150viv, —75v,ve = T5viv, —2v, 1507 +300v,v.v, + v, t+75v. =0.0027
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If i =6, v, +75v; —150vv, = 75v02 = T5v;v, = 2v, —=150v,07 +300v,v,v, +v, +75v; = 0.0027
If i =7, v, +75v, =150v;v, = 75v,v; = 75viv, —2v, —150v,v; +300v,v,v, +v, +75v; = 0.0027
If i =8, v, +75v =150V, = 75v,v; —75v3v, —2v, —150v,v; +300v, v, +v, +75v; = 0.0027
If 1 =9, v, +75v; —150v;v, = 75v,v, = T5viv,, —2v, —150v,v7, +300v,v,v,, +v,, +75v;, = 0.0027
If i =10, 2v, —2v,, =0.0027. Then
FV)= (f1 (vl,...,vn),f2 (vl,...,vn),...,fn (vl,...,vn))’ , Wwhere
£1(Vysesv,) i= =152y, = 74v, +300v,v, —150v,v; —75v +75v; +75.9973,

VeV )=V + 75V =150V, =750 v =75vv, = 2v, =150v,v7 +300v,v,v, +v, +75v; —0.0027,
fz( 1 n) 1 1 172 173 R, 2 273 17273 3 3

VoV )= v, +75v 1502w, = 750,07 = 75v2v, —2v, —150v.v% +300v,v,v, +v, +75v; —0.0027,
f3( 1 n) 2 2 273 274 274 3 374 27374 4 4

ViV )=, 750 —150v2v, = 75w, 02 = T5v2v, =2y, 15007 +300v,v.v, +v, +75v. —0.0027,
f4( 1 n) % 2 273 274 274 3 374 27374 4 4

Vi )=V, + 75V =150V, = 750,07 = T5viv, — 20 —150v.y” +300v,v.v, +v. +75v —0.0027,
fi( 1 n) 4 4 475 476 476 5 576 47576 6 6
Loy, ) =05 4750 <1502y, = 750,07 = 7503w, =20, =150v,v2 +300v,,v; +v, +75v2 —0.0027,

ViyesV ) =+ T5) =150V, = 75007 = T5vv, — 2, =150v.v2 +300v. v, +v, +75v; —0.0027,
f7( 1 n) 6 6 347/ 678 6°8 . 778 6"7"8 8 8

Vi V)= 752 =150v2v, = 75w 07 —T5v2v, =2v, =150v,ve +300v.v.v, +v, +75v. —0.0027,
fx( 1 n) 7 7 78 79 Q. 9 8 89 L 39 9 9

(Ve V) =V 75V =150v2%, = 75005, = T5viv,, — 20, =150v,v5 4+ 300w, vvi + vy, +75v;, —0.0027,
9\"1 n 8 8 879 8710 8710 9 9710 879710 10 10

Jio(Vps5v,) = 2v5=2v,,—0.0027.

We choosing that

—_—t e e e e e e e e




Then

FO) =

112 10 0 0 0 0 0 0 0] [-00027]
1/ ]1 =2 1 0 0 0 0 0 0 0] |-0.0027
L= X T AN 7 0| NOYE - T RO=~=0 | \Y0.0027
110 0 1 =2 1 0 0 0 0 0] |-00027
Then A —| L PO0700 1 /20 AL 000000 | [-0,0027
7| L5150, \V N Y <% DNy g2zl | ohd7
W pB=diia\g ) O IO\ 1\ [ ptiaeN (T0.d0R7
11100 0 0 0 0 1 =2 1 0/ |-0.0027
i @) | [ QP @ ANV AY 1 =21 | |=0.0027
| U TON |/ QIR0 oG S| 12 3N d=00827
10.9748 ]
0.9523
0.9324
0.9152
Then v = 0IRQK,
0.8887
0.8794
0.8728
0.8688
0.8675 |




Then

[0.0004 |
0.0004
0.0003
0.0002
0.0001
0.0001 |
0.0001
0.0000
0.0000

| 0.0000 |

F(V(l)) —

S0, yy = F(V(l))—F(v(O)),

[0.0031 ]
0.0030
0.0029
0.0029
0.0028
0.0027 |
0.0027
0.0027
0.0027

10.0027

Then Sl = V(l) _V(O),

[-0.0252]
-0.0477
—0.0676
—0.0848
—0.0994
—0.1113 |
—0.1206
—0.1272
—0.1312

| -0.1325

a2



We have 4 =A01+{

[-0.9858 -0.9721
-0.9757 -1.9520
~0.9687 —1.9383
-0.9642 -1.9294
—0.9615 -1.9240
-0.9600 -1.9211
-0.9593 -1.9197
-09591 -1.9192
~0.9590 -1.9191
-0.9590 -1.9191

-0.9590
-1.9296
-2.9095
-2.8964
-2.8885
-2.8841
-2.8821
-2.8814
-2.8813
-2.8813

1

SltAo_lyl

-0.9469
-1.9089
-2.8828
-3.8659
-3.8557
-3.8501
-3.8475
-3.8465
-3.8463
-3.8463

Next, v = = A(VU))*1 F(vo))’

[0.9764 |
0.9549
0.9358
0.9191
0.9048
0.8930 |
0.8838

0.8772

0.8733

0.8719 |

Then

0.0004
0.0003
0.0002
0.0001
0.0000
0.0000
0.0000
0.0000
0.0000

F(v) =

[0.0005 ]

-0.9361
-1.8904
-2.8590
-3.8386
—4.8263
-4.8196
-4.8164
—4.8153
-4.8151
-4.8151

) [(s5= 4" ) si4" ).

-0.9268
-1.8744
-2.8385
-3.8151
-4.8010
-5.7933
=5.7897
=5.7884
-5.7881
=5.7881

-0.9192
-1.8613
-2.8216
-3.7958
-4.7802
57717
—6.7677
—6.7663
—6.7660
—6.7660

-0.9133
-1.8513
-2.8087
-3.7810
-4.7643
-5.7552
-6.7509
=1.7494
-1.7491
=7.7491

-0.9094
-1.8445
-2.8000
=3.7711
-4.7536
-5.7441
—6.7396
~1.7380
=8.7377
-8.7377
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~0.4537]
-0.9206
~1.3978
~1.8830
-2.3741
-2.8692 |
-3.3670
-3.8661
43660
~4.8660




So, y, = F(v<2)) —F(v(l)),

[ 0.0005 |
—-0.0004
—0.0003
—0.0002
—0.0001
0.0000 |
0.0000
0.0000
0.0000

| 0.0000

Then s, = WA L0

(
Then /12_1 = Al_1 +L

0.0015]
0.0026
0.0034
0.0039
0.0042
0.0043 |
0.0044
0.0044
0.0044

| 0.0044 |

-0.9402  -0.8826
-0.9055 -1.8146
-0.8869 -1.7780
-0.8777 -1.7600
-0.8738 -1.7522
-0.8723  -1.7494
-0.8719 -1.7486
-0.8719 -1.7484
-0.8719 -1.7484
-0.8719 -1.7484

1
SéAflyz

-0.8290
-1.7299
-2.6765
-2.6502
-2.6388
-2.6346
-2.6334
-2.6332
-2.6332
-2.6332

-0.7805
-1.6533
-2.5846
-3.5507
-3.5360
-3.5306
-3.5291
-3.5288
-3.5288
-3.5288

-0.7380
-1.5860
-2.5039
-3.4634
-4.4458
-4.4393
-4.4374
-4.4371
-4.4371
-4.4371

) L1 t
J[(SZ—AI Y2)52A1 :|a

-0.7021
-1.5292
-2.4357
-3.3895
-4.3693
-5.3619
-5.3598
-5.3594
-5.3593
-5.3593

-0.6731
-1.4832
~2.3805
-3.3297
-4.3075
-5.2993
-6.2969
-6.2964
-6.2964
—6.2964

-0.6512
—1.4485
~2.3388
-3.2846
-4.2608
-5.2520
-6.2494
-7.2489
-7.2489
-7.2489

-0.6366
-1.4253
-2.3109
-3.2544
-4.2295
-5.2203
-6.2176
-1.2171
-8.2171
-8.2171

~0.3146 |
~0.7069
~1.1485
~1.6196
~2.1069
~2.6022
~3.1008
~3.6006
~4.1006

~4.1006 |

aq



Then, v =1 — A(V(Z))_l F(V(z))’

09762 ]
0.9546
0.9355
0.9187
0.9044
0.8927 |
0.8835
0.8769
0.8729

10.8716 |

Then

0.0000 |
0.0000
0.0000
0.0000
0.0000
0.0000 |
0.0000
0.0000
0.0000

0.0000 |

FW?)=

S0, y, = F(W)=F (),

0.0000 |
0.0000
0.0000
0.0000
0.0000
0.0000 |
0.0000
0.0000
0.0000

0.0000

a5



So, 8y = W v(2),

(
Then A;l =A2"1+L

—-0.0003
—-0.0003
—-0.0004
—-0.0004

~0.0004
~0.0004
~0.0004
| -0.0004

-0.9199  -0.8433
—0.8849 -1.7746
-0.8718  -1.7486
-0.8679 -1.7408
-0.8672 -1.7394
-0.8672 -1.7395
-0.8673 17396
-0.8674  -1.7397
-0.8674 -1.7397
-0.8674 -1.7397

Fimally,

[—0.0002 |

—0.0004 |

1
SQA;1y3

-0.7724
-1.6723
-2.6342
-2.6226
-2.6203
~2.6203
-2.6205
-2.6206
-2.6206
-2.6206

-0.7088
-1.5802
-2.5310
-3.5158
-3.5126
-3.5125
-3.5128
-3.5128
-3.5128
-3.5128

-0.6533
—1.4998
~2.4407
-3.4222
-4.4182
~4.4179
~4.4181
44182
-4.4182
-4.4182

J (5= 4w 54",

—0.6067
-1.4320
-2.3644
-3.3430
~4.3382
-5.3378
-5.3380
-5.3381
-5.3381
-5.3381

-0.5690
-1.3773
-2.3028
-3.2790
-4.2736
-5.2730
—6.2732
-6.2732
—6.2732
~6.2732

-0.5407
-1.3361
-2.2564
-3.2308
—4.2048
-5.2241
—0.2242
=1.2243
~7.2243
-1.2243

-0.5218
-1.3086
-2.2253
-3.1985
-4.1921
-5.1914
-6.1915
-7.1915
-8.1915
-8.1915

—0.2562
-0.6474
-1.1049
-1.5912
-2.0879

-2.5875 |

-3.0875
-3.5875
-4.0875
-4.0875
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So,
0.0000 |
0.0000
0.0000
0.0000
0.0000
0.0000 |
0.0000
0.0000
0.0000
1 0.0000

FO9) =

Then y, = F(v(4) )_—F(v(3)),

0.0000 |
0.0000
0.0000
0.0000
0.0000
0.0000 |
0.0000
0.0000
0.0000
0.0000 |

Then s, = W —v(3),
0.0000 |
0.0000
0.0000
0.0000
0.0000
0.0000 |
0.0000
0.0000
0.0000
| 0.0000




Then 4;' = 4;' +L

[-0.7709
~0.7537
~0.7826
~0.8059
~0.8167
-0.8201
~0.8207
~0.8208
~0.8208

| -0.8208

(1

S2A3_1y4
-0.5802 -0.4303
-1.5430 -1.3711
-1.5912 24295
-1.6313 -2.4802
-1.6502 -2.5043
-1.6562 -2.5120
-1.6574 25136
-1.6575 25137
-1.6575 -2.5137
-1.6575 -=2.5137

03125 -02183 -0.1424 —0.0823 -0.0372 —-0.0072 —0.0039 |
-1.2313  -1.1168 -1.0232 -0.9487 -0.8928 -0.8554 -0.4184
-22939 21804 -2.0866 -2.0116 -1.9551 -19174 -0.9493
-3.3509 -3.2411 -3.1498 -3.0764 -3.0212 -2.9843 -1.4829
-3.3783 42707 -4.1808 -4.1086 -4.0541 -4.0177 -1.9997
-33871 42803 -5.1909 -5.1190 -5.0648 -5.0285 -2.5052 |
-3.3880 42822 -5.1929 -6.1210 -6.0669 -6.0306 -3.0062
-3.3890 42823 51930 -6.1212 -7.0670 -7.0308 -3.5063
-3.3800 -4.2823 -5.1930 -6.1212 -7.0670 -8.0307 -4.0063
-33890 4.2823 -5.1930 -6.1212 -7.0670 -8.0307 —4.5063 |

Hence, W = ) A(v(“))_1 F(v(4)),

0.9762]
0.9546
0.9355
0.9187
0.9044

0.8835
0.8769
0.8729

0.8927 |

0.8716

We get the solution as show in Table 4.14 and Figure 4.14.

) - ¢ 4
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Table 4.14: Thin film flow velocity of a third grade fluid on a single moving belt with

speed of a considered moving belt is v(O) =1. The rate of change of the thin film

flow velocity about the frontier is v’(l) =0 by using the finite difference methods

and Quasi-Newton iterative methods.

B
0 1 1 1 1 1 1 1 1 1 1
1 0.9748 0.9523 0.9324 09152 0.9006 0.8887 0.8794 0.8728 0.8688 0.8675
2 0.9764 0.9549 09358 0.9191 0.9048 0.8930 0.8838 0.8772 0.8733 0.8719
3 0.9762 0.9546 09355 0.9187 0.9044 0.8927 0.8835 0.8769 0.8729 0.8716
4 0.9762 0.9546 0.9355 09187 0.9044 0.8927 0.8835 0.8769 0.8729 0.8716
5 09762 0.9546 0.9355 09187 0.9044 0.8927 0.8835 0.8769 0.8729 0.8716
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Figure 4.14: Thin film flow velocity of a third grade fluid on a single moving belt with
speed of a considered moving belt is v(O) =1. The rate of change of the thin
film flow velocity about the frontier is v’(l) =0 by using the finite difference

methods and Quasi-Newton iterative methods.

Example 4.3.2 Assuming that the third grade fluid is flowing on a single moving belt.
The thickness of the thin film is 0 =1. The speed of a considered moving belt is
v(0)=1. The rate of change of the thin film flow velocity about the frontier is

V(1) = 0.00025. We get the solution as show in Table 4.15 and Figure 4.15.

Table 4.15: Thin film flow velocity of a third grade fluid on a single moving belt with
speed of a considered moving belt is v(O) =1. The rate of change of the thin film
flow velocity about the frontier is v’(l) =0.00025 by using the finite difference

methods and Quasi-Newton iterative methods.

(k) (k) (k) (k) (k) (k) (k) (k) (k) (k)
k vl V2 V3 V4 VS v6 V7 VS v‘) vl 0
0 1 1 1 1 1 1 1 1 1 1

1 09749 09524 09325 0.9153 0.9008 0.8889 0.8796 0.8730 0.8691 0.8678
09764 09550 0.9359 0.9192 0.9049 0.8932 0.8840 0.8774 0.8735 0.8722
09762 09547 09355 0.9188 0.9045 0.8928 0.8836 0.8771 0.8731 0.8718

0.9547 09355 0.9188 0.9045 0.8928 0.8836 0.8771 0.8731 0.8718

09762 09547 09355 0.9188 0.9045 0.8928 0.8836 0.8770 0.8731 0.8718
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Figure 4.15: Thin film flow velocity of a third grade fluid on a single moving belt with

speed of a considered moving belt is v(O) =1. The rate of change of the thin
film flow velocity about the frontier is v’(l) = 0.00025 by using the finite difference

methods and Quasi-Newton iterative methods.

Example 4.3.3 Assuming that the third grade fluid is flowing on a single moving belt.
The thickness of the thin filmis ¢ =1. The speed of a considered moving belt is
v(O) = 1. The rate of change of the thin film flow velocity about the frontier is

v'(1)=0.0005. We get the solution as show in Table 4.16 and Figure 4.16.

Table 4.16: Thin film flow velocity of a third grade fluid on a single moving belt with
speed of a considered moving belt is v(O) =1. The rate of change of the thin film
flow velocity about the frontier is v’(l) =0.0005 by using the finite difference

methods and Quasi-Newton iterative methods.

(k) (k) (k) (k) (k) (k) (k) (k) (k) (k)
k vl V2 V3 V4 VS v6 V7 VS V9 le
0 1 1 1 1 1 1 1 1 1 1

1 09749 009524 09326 09154 0.9009 0.8890 0.8798 0.8732 0.8693 0.8680
0.9764 0.9550 0.9359 0.9192 0.9050 0.8933 0.8841 0.8776 0.8737 0.8724
09762 0.9547 0.9356 0.9189 0.9046 0.8929 0.8839 0.8772 0.8733 0.8720

0.9547 0.9356 09189 0.9047 0.8929 0.8839 0.8772 0.8733 0.8720

09762 0.9547 0.9356 0.9189 0.9047 0.8929 0.8839 0.8772 0.8733 0.8720
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Figure 4.16: Thin film flow velocity of a third erade fluid on a single moving belt with
speed of a considered moving belt is v(O) =1.The rate of change of the thin
film flow velocity about the frontier is v’(l) =0.0005 by using the finite difference

methods and Quasi-Newton iterative methods.

Example 4.3.4 Assuming that the third grade fluid is flowing on a single moving belt.
The thickness of the thin filmis 6 =1. The speed of a considered moving belt is
v(O) = 1. The rate of change of the thin film flow velocity about the frontier is

v'(1) = 0.001. We get the solution as show in Table 4.17 and Figure 4.17.

Table 4.17: Thin film flow velocity of a third grade fluid on a single moving belt with

speed of a considered moving belt is v(O) =1. The rate of change of the thin film
flow velocity about the frontier is v'(l) =0.001 by using the finite difference

methods and Quasi-Newton iterative methods.

=

(k) (k) (k) (k) (k) (k) (k) (k) (k) (k)
Vi V) Vs V4 Vs Ve Vs Vg Vo Vio

0 1 1 1 1 1 1 1 1 1 1

1 09749 09525 0.9327 0.9156 09011 0.8893 0.8801 0.8736 0.8697 0.8685
09764 09551 09361 09194 0.9052 0.8936 0.8845 0.8780 0.8741 0.8729
09763 09548 0.9357 0.9191 0.9049 0.8932 0.8841 0.8776 0.8737 0.8725
09763 09548 0.9357 0.9191 0.9049 0.8932 0.8841 0.8776 0.8737 0.8725
09763 09548 0.9357 0.9191 0.9049 0.8932 0.8841 0.8776 0.8737 0.8725
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Figure 4.17: Thin film flow velocity of a third grade fluid on a single moving belt with

speed of a considered moving belt is v(O) =1. The rate of change of the thin film
flow velocity about the frontier is v’(l) =0.001 by using the finite difference

methods and Quasi-Newton iterative methods.

Example 4.3.5 Assuming that the third grade fluid is flowing on a single moving belt.
The thickness of the thin film is 6 =1. The speed of a considered moving belt is
v(O) = 1. The rate of change of the thin film flow velocity about the frontier is

V(1) =—0.001. We get the solution as show in Table 4.18 and Figure 4.18.

Table 4.18: Thin film flow velocity of a third grade fluid on a single moving belt with

speed of a considered moving belt is v(O) = 1. The rate of change of the thin film
flow velocity about the frontier is v’(l) =-0.001 by using the finite difference

methods and Quasi-Newton iterative methods.

=

(k) (k) (k) (k) (k) (k) (k) (k) (k) (k)
Vl V2 V3 V4 vS v6 V7 v8 V9 vl 0

0 1 1 1 1 . 1 1 1 1 1

1 09747 09521 0.9321 0.9148 0.9001 0.8881 0.8787 0.8720 0.8679 0.8665
09763 09548 0.9355 0.9187 0.9043 0.8925 0.8832 0.8765 0.8724 0.8710
09761 09545 0.9352 09184 0.9040 0.8921 0.8851 0.8799 0.8721 0.8706
09761 09545 0.9352 09184 0.9040 0.8921 0.8851 0.8799 0.8721 0.8706
09761 09545 09352 0.9184 0.9040 0.8921 0.8851 0.8799 0.8721 0.8706
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Figure 4.18: Thin film flow velocity of a third grade fluid on a single moving belt with

speed of a considered moving belt is v(O) =1. The rate of change of the thin film
flow velocity about the frontier is v’(l) =—-0.001 by using the finite difference

methods and Quasi-Newton iterative methods.

Example 4.3.6 Assuming that the third grade fluid is flowing on a single moving belt.
The thickness of the thin film is 0 =1. The speed of a considered moving belt is
v(O) =1. The rate of change of the thin film flow velocity about the frontier is

V(1) = =0.0005. We get the solution as show in Table 4.19 and Figure 4.19.

Table 4.19: Thin film flow velocity of a third grade fluid on a single moving belt with

speed of a considered moving belt is v(O) =1. The rate of change of the thin film
flow velocity about the frontier is /(1) =—=0.0005 by using the finite difference

methods and Quasi-Newton iterative methods.

(k)

(k) (k) (k) (k) (k) (k) (k) (k) (k)
Y V) Vs V4 Vs Ve Vi Vg Vo Vio

1 1 1 1 1 1 1 1 1 1
09748  0.9522 0.9323 09150 0.9004 0.8884 0.8791 0.8724 0.8684 0.8670
09763  0.9548 0.9357 09189 09046 0.8928 0.8835 0.8769 0.8728 0.8715
09761 0.9545 0.9353 009185 09042 0.8924 0.8831 0.8765 0.8725 0.8711
09761 0.9546 0.9353 09185 09042 0.8924 0.8831 0.8765 0.8725 0.8711
09761 0.9546 0.9353 09185 09042 0.8924 0.8831 0.8765 0.8725 0.8711
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Figure 4.19: Thin film flow velocity of a third grade fluid on a single moving belt with

speed of a considered moving belt is v(O) =1. The rate of change of the thin film

flow velocity about the frontier is v'(1)

0.0005 by using the finite difference

methods and Quasi-Newton iterative methods.

Example 4.3.7 Assuming that the third erade fluid is flowing on a single moving belt.

The thickness of the thin film is 0 =1. The speed of a considered moving belt is

v(O) =1. The rate of change of the thin film flow velocity about the frontier is
V(1) = —0.00025. We get the solution as show in Table 4.20 and Figure 4.20.

Table 4.20: Thin film flow velocity of a third grade fluid on a single moving belt with

speed of a considered moving belt is v(O) =1. The rate of change of the thin film

flow velocity about the frontier is v'(l) =-0.00025 by using the finite difference

methods and Quasi-Newton iterative methods.

(k)

(k)

(k)

(%)

(%)

(k)

(k)

(k)

(k)

k Vl(k) V2 v3 V4 vS v6 V7 v8 V9 le

0 1 1 1 1 1 1 1 1 1 1

1 09748 0.9523 0.9324 0.9151 0.9005 0.8886 0.8793 0.8726 0.8686 0.8673
2 09763 0.9549 0.9357 09190 09047 0.8929 0.8837 0.8770 0.8730 0.8717
3 09761 0.9546 09354 009186 09043 0.8925 0.8833 0.8767 0.8727 0.8713
4 09762 0.9546 09354 009186 09043 0.8925 0.8833 0.8767 0.8727 0.8713
5 09762 0.9546 09354 009186 09043 0.8925 0.8833 0.8767 0.8727 0.8713
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Figure 4.20: Thin film flow velocity of a third grade fluid on a single moving belt with

speed of a considered moving belt is v(O) =1. The rate of change of the thin film
flow velocity about the frontier is v’(l) =—0.00025 by using the finite difference

methods and Quasi-Newton iterative methods.
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Chapter 5

Discussion and Conclusion

5.1 Discussions
5.1.1 Paralleled moving belts

Assuming that there are two paralleled moving belts whose have space 0.001
m. The both of vertical moving belts has same speed that 1 m/s. We will consider
physical parameters in 6 cases as show in Table 5.1. By using the finite difference
equations Egs. (3.12-3.14) with the Newton iterative technique Egs. (3.15-3.17), we
can obtain the thin film flow velocity of third grade fluid between a parallel moving
belts in each physical parameters as shown in Table 5.1 and Figure 5.1-5.2. We can
see that the ratio between the maximum speed and the dynamic viscosity does not
affect to the thin film flow velocity. However, the ratio between the density and
dynamic viscosity does higher influence to the flow velocity than another ratios. If

the density is increasing, the thin film flow velocity becoming slow down as well.

Table 5.1: Comparison of nondimensional thin film flow velocity in each physical
parameters 72 and B by using the finite difference methods and Newton Iterative

methods.

m Y& x=0 x=025 x=050 x=075 x=1.00
0.5000  0.2500  1.0000 0.9538 0.9382 0.9538 1.0000
0.5000  0.5000  1.0000 0.9545 0.9388 0.9545 1.0000
0.5000  0.7500 ~1.0000 0.9551 0.9394 0.9551 1.0000
0.1250  0.5000  1.0000 0.9883 0.9844 0.9883 1.0000
0.2500  0.5000  1.0000 0.9768 0.9690 0.9768 1.0000
0.7500  0.5000  1.0000 0.9337 0.9103 0.9337 1.0000
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Figure 5.1: Comparison of thin film flow velocity (m=0.50)

m=0.125
m=025
9N m=075

Figure 5.2: Comparison of thin film flow velocity (£ =0.50)

5.1.2 Single moving belt with the Newton iterative techniques

Assuming that there is @ moving belt in a third grade fluid basis. The basin is
filled by the engine oil SAE 15W-40 with the viscosity, 31.350 mm’ /s and the
density, 0.8477g/cm® at 70°C. The material constant of the engine oil is
1.5675x107°. The moving belt has speed 1 m/s and the uniform thickness of fluid
filmis 0.001 m . We will consider physical parameters in 4 cases as show in Table
5.2. By using the finite difference equations Egs.(3.30-3.32) with the Newton iterative
techniques Egs.(3.33-3.39), we can obtain the thin fluid film flow velocity in each
layers. If the speed of moving belt is uniform and the rates of change of fluid film
flow velocity over the ended layer are nonnegative due to external force, the

approximated flow velocity in each layers are show in Table 5.2 and Figure 5.3.



However, the cases of rates of change of fluid film flow velocity over the ended
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layer are negative due to gravity force and some external force are also investigated

as show in Table 5.3 and Figure 5.4.

Table 5.2: Comparison of nondimensional thin film flow velocity in each nonnegative

rates of change with m=0.265 and £ =0.5 by using the finite difference methods

and Newton Iterative methods.

x\ v, 0.0000 0.00025 0.0005 0.0010
0.0 1.0000 1.0000 1.0000 1.0000
0.1 0.9762 0.9762 0.9762 0.9763
0.2 0.9546 0.9547 0.9547 0.9548
0.3 0.9355 0.9355 0.9356 0.9357
0.4 0.9187 0.9188 0.9189 0.9191
0.5 0.9044 0.9045 0.9047 0.9049
0.6 0.8927 0.8928 0.8929 0.8932
0.7 0.8835 0.8836 0.8838 0.8841
0.8 0.8769 0.8771 0.8772 0.8776
0.9 0.8729 0.8731 0.8733 0.8737
1.0 0.8716 0.8718 0.8720 0.8725

497;,:0

—a— v = 000025

—g—v,=00005 ||
¥ =00010

Figure 5.3: Comparison of nondimensional thin film flow velocity in each nonnegative

rates of change with m=0.265 and £ =0.5. by using the finite difference methods

and Newton [terative methods.
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Table 5.3: Comparison of nondimensional thin film flow velocity in each negative
rates of change with m=0.265 and £ =0.5. by using the finite difference methods

and Newton [terative methods.

x\ Vv, -0.001 -0.0005 -0.00025
0.0 1.0000 1.0000 1.0000
0.1 0.9761 0.9761 0.9762
0.2 0.9545 0.9546 0.9546
0.3 0.9352 0.9353 0.9354
0.4 0.9184 0.9185 0.9186
0.5 0.9040 0.9042 0.9043
0.6 0.8921 0.8924 0.8925
0.7 0.8828 0.8831 0.8833
0.8 0.8761 0.8765 0.8767
0.9 0.8721 0.8725 0.8727
1.0 0.8706 0.8711 0.8713

:
e, = 0001
—a—, =-0.0005

— g, =-0.00025
el i H

0.86
a

Figure 5.4: Comparison of nondimensional thin film flow velocity in each negative
rates of change with m=0.265 and £ =0.5 by using the finite difference methods

and Newton lterative methods.
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5.1.3 Single moving belt with the Quasi-Newton iterative techniques

Assuming that there is a moving belt in a third grade fluid basis. The basin is
filled by the engine oil SAE 15W-40 with the viscosity, 31.350 mm® /s and the

density, 0.8477g/cm’ at 70°C. The material constant of the engine oil is
1.5675x107. The moving belt has speed 1 m/s and the uniform thickness of fluid

filmis 0.001 m . We will consider physical parameters in 4 cases as show in Table
5.4. By using the finite difference equations Egs.(3.30-3.32) with the Quasi-Newton
iterative techniques Eqgs.(3.40-3.48), we can obtain the thin fluid film flow velocity in
each layers. If the speed of moving belt is uniform and the rates of change of fluid
film flow velocity over the ended layer are nonnegative due to external force, the
approximated flow velocity in each layers are show in Table 5.4 and Figure 5.5.
However, the cases of rates of change of fluid film flow velocity over the ended
layer are negative due to gravity force and some external force are also investigated

as show in Table 5.5 and Figure 5.6.

Table 5.4: Comparison of nondimensional thin film flow velocity in each nonnegative
rates of change with m=0.265 and f = 0.5, using the finite difference and Quasi-

Newton lterative methods.

x\ v, 0.0000 0.00025 0.0005 0.0010
0.0 1.0000 1.0000 1.0000 1.0000
0.1 0.9762 0.9762 0.9762 0.9763
0.2 0.9546 0.9547 0.9547 0.9548
0.3 0.9355 0.9355 0.9356 0.9357
0.4 0.9187 0.9188 0.9189 0.9191
0.5 0.9044 0.9045 0.9047 0.9049
0.6 0.8927 0.8928 0.8929 0.8932
0.7 0.8835 0.8836 0.8839 0.8841
0.8 0.8769 0.8771 0.8772 0.8776
0.9 0.8729 0.8731 0.8733 0.8737
1.0 0.8716 0.8718 0.8720 0.8725
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Figure 5.5: Comparison of nondimensional thin film flow velocity in each nonnegative
rates of change with m=0.265 and £ =0.5 by using the finite difference methods

and Quasi-Newton lterative methods.

Table 5.5: Comparison of nondimensional thin film flow velocity in each negative
rates of change with m=0.265 and £ =0.5, using the finite difference and Quasi-

Newton lterative methods.

X\ v, -0.001 -0.0005 -0.00025
0.0 1.0000 1.0000 1.0000
0.1 0.9761 0.9761 0.9762
0.2 0.9545 0.9546 0.9546
0.3 0.9352 0.9353 0.9354
0.4 0.9184 0.9185 0.9186
0.5 0.9040 0.9042 0.9043
0.6 0.8921 0.8924 0.8925
0.7 0.8828 0.8831 0.8833
0.8 0.8761 0.8765 0.8767
0.9 0.8721 0.8725 0.8727
1.0 0.8706 0.8711 0.8713
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Figure 5.6: Comparison of nondimensional thin film flow velocity in each negative
rates of change with  m=0.265 and £ = 0.5 by using the finite difference methods

and Quasi-Newton lterative methods.

Table 5.6 shows the comparison of nondimensional thin film flow velocity using
Optimal homotopy asymptotic method (OHAM), Adomain decomposition method
(ADM), Newton iterative, Quasi-Newton iterative methods, with m=0.5 and g =0.5.

Table 5.6: Comparison of nondimensional thin film flow velocity using Optimal
homotopy asymptotic method (OHAM), Adomain decomposition method (ADM),

Newton iterative, Quasi-Newton iterative methods, with m=0.5 and g =0.5.

X OHAM ADM Newton Quasi-
[4] 4] iterative Newton

iterative

0.0 1.0000 1.0000 1.0000 1.0000
0.1 0.9792 0.9625 0.9592 0.9592
0.2 0.9518 0.9261 0.9219 0.9219
0.3 0.8880 0.8926 0.8882 0.8882
0.4 0.8581 0.8628 0.8584 0.8584
0.5 0.8322 0.8370 0.8326 0.8326
0.6 0.8106 0.8155 0.8111 0.8111
0.7 0.7935 0.7985 0.7940 0.7940
0.8 0.7812 0.7862 0.7817 0.7817
0.9 0.7737 0.7787 0.7743 0.7743
1.0 0.7712 0.7762 0.7718 0.7718
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5.2 Conclusions

In numerical simulation, combinations of finite difference methods and
Newton-iterative method are employed to investigate the approximate solution for a
thin film flow velocity of third grade fluid on two paralleled moving belts and a
single moving belt. The results of this study show that the cohesiveness of fluid
moves on a between paralleled moving belts and a single moving belt. The results
of the thin film flow velocity of a third grade fluid on paralleled moving belts are
shown for the fluid parameters S and m are varied. In the case of the thin film
flow velocity of third grade fluid on two paralleled moving belts the parameter m

has higher effect on thin fluid film flow velocity than the parameter /.

In numerical simulation, combinations of finite difference methods and Quasi-
Newton iterative method are employed to investigate the approximate solution for a
thin film flow velocity of third grade fluid on a single moving belt. Both numeric and
analytic results are obtained for the problem. When comparing between
combinations of finite difference methods and Newton-iterative and combinations of
finite difference methods and Quasi-Newton iterative we find that give similar results.
The number of calculations of the Quasi-Newton iterative method must be iterative

more times than the Newton iterative method.

In numerical simulations, the Quasi-Newton iterative method has advantages
that the method give less computing time than the Newton iterative computing time
because it is not need to find the solution of a system of linear equations. These
means that the Quasi-Newton iterative method gives a simpler computational

mainpulation than the Newton iterative method.
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Ahstract

A thin fikm few problern on & moving bolt hes been moful o seiontifle, coginoaing,
biclogienl and biomadical problems. A thin flm Bow vdodily on n moving bell enn bo moed-
oled by a nealinenr difercetinl equation.  The model is provides the @lm Bow velooity in
anch thickpess leyers. In this ressarch, o Enite differonce mothod end 2n itorative method
are imad b approximote the solutions of o oonlinaer goverming equation. Their mumerical
simealntiores of & thin Alm Aow wdoeity of o thicd grade Buid in & perallel moving balts with
wiricd physical porumeters ore insmstignied. The propescd nurmeniol techniques give good
agreamaent approximoted solutions in oo of & simdler pamiia bBelts spoad.

Keywords: thin fuid film, Bow veloeity, mumerien] simulstion, iterative method, parnllelsd
moving belts, thind grede Huwid.
i1l MEC: Primary 34B15; Secondury 85010, 85012,

1 Imtroduction

Many physienl systems in fuid mechanies generally lend b0 nonlinesr ordinery or portiel dif-
ferentin] equations. Due to somplecity of Non-Kewtoninn Buid, it & diffieols to sche noslin-
enr differentinl eguotion. The non-Mewtonion Buid Sow betwesn tweo-porollel plntes. echibiting
charneteristies of both ideal funids nnd elastic solids and showing partial elostiz resovery, ofter-
deformntion; thess nre entegorized s third geade fusd®. A second grade Buid s one of the
most meceptnble fuids in this sub alom of Non-Newtoninn Buid, beeuse of its mathematienl
simplicity in comparison to third grade nnd fourth grede foids. In related lteratore maoy au-
thom bave efectively trented the somplicnted nonlinenr squntions governing the fow of & third
gracle fuid. It & also ohserved that the iterative method is o powerful approximate noalytiesl

*T'his rossareh wes Mnsnclally supponad by the Comer of Exscllenas In Msihomaties, the Commission oo
Higher Fdoravion, Thallmnd
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toal that is simple nnd straightforwned snd does not reguire the exdstencse of nny small or lnrge
parmmeter gs does troditionnd perturbation method. Tterstive method bns sueeesfully been
npplisd to & number of ponlinesr problems srising in the science aod engineering by wrious
researchers. This proves the wlidity and sceeptobility of iterntive method as o meful solotion

technigque.
In this ressarch, o eouple of o finite diference method an iterntive method is uwsed to approxi-

mnte the splutions of & noolinesr governing equation. The proposed oumerical techniques give
gread ngresment approcimaeted solutions in cses of o similer parelle] belts speed.

2 Thin Fluid Film Flow Velocity of a Third Grade Fluid Model

The thin fuid flm fow velesity of o thind geade fuid oo porallel moving belts is governed by
the follwing nosknenr boundary value problem. [1-4].

de. 8% + fy) pde’\ TdPu pg
+T[-}E_F_D' for oll 0 = 4, 2.1

subject to the boundery eanditions

ol = g, (2.2)
o) = i (2.3)

where v i the flusd velosity fms), o i the density (Kg/m?), g is the dyoamic viscosity (Pa- ),
,ﬂ:,,ﬂgmtjzm.uﬂemtmnfthzthﬂgﬂﬂmﬂtnm},gulhegrﬂl necelerntion
[mja*), & is the uniform thicknes of the Buid film (m), aed g, i ore the left speed belt and the
right speed bele (m /=), respectively. Here, we intraduoee the following dimensiondes varinbles,

o=\ 24)

o= 5 @)
A8 Bal

T lovirs 2 (2.8

m o= ﬁi"‘, 2.7

whers F = meroc] ey, w, . Brom Eqgs.(2.4)-(2.7), we ohinin the dimensionbes form es{for simplieity
we removed T,

1-:Fl.l

ﬂ,ﬂ{h L=, for all e = 1, (2.8

subject to the bﬂl:ll!l‘lm’_f comslitions
iy =, (2.9)
oy ——o,. (2.10)

3 Numerical Technigues
3.1 Finite difference method for a thin Auid Alm fAow velocity of a third
grade Awid modal

We will approximate the schation by using finite difference methods for nonlinesr boundary vnlue
problem with Dirichlet boundory sonditions Eq.(2.8)-(2.10) that can be written in o compact
form as below,

T +83[v
Procesdings of AMM 2017 WUM.03-2
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subject to

(D) oy (3-2)

v(l) or. {3.3)
We diwide [0, 1] imto N+1 subinterwals that endpaints are st 3 = at+ib, foralli = 0,1, N +1,
where h = 1/iN + 1). By wsing the sentered finite difference methed (3], the Gnite differenes
eqquntion enn be written ns follows,

et e L e m 5 foralli=1,2. . N, (34)
Tl — By—1
1+65(2g)
]
S {3.5)
gl = Ur. (3.8)
It follows that

“IL+EI§':‘§:-|[} —T[EEHH—I}——L:JE[“HH ph— Tmy ﬂ—;uwf”]
HE{L\- w1} — ﬂi{h_ibd-i-mw-—idl}—mﬁ? foralli =102, %, N,. (37)
Ford = 1, plug the known wnlue of the left boundary vy = 5y o Eg (1.7) on the left hand side,

we obtnin
[—?—%}Lﬁl‘l’u ?i!;]m- :_%"'2_3?"1‘%1'“—{““!1'2?1% Mh:—q——%_{ﬂj]
For i=73, .. N -1, Eq3-7) becaomes
3|5' 3 3d 34
s f g ziiia!“':‘l-“"“ zlgf‘?'-l"fu _m_iﬁl'_ig‘f—lﬁ

1-3%“_1%: + g+ g*:fnfu = mh% (3.9)

For i= N, phug the known vnhue of the right bonndary e () = o to Eq (3.7} on the left hand

side, we obtain
3
== 'B }un - T i,%hi_l A=~ %}m‘ {5 —{EU?;_WN + ﬂ%urr_lm
i
P =it e dig sty

%2 Newton Iterative method for the prodocsd finite difference equations

Apply the Newton Iterntive to the system of simutanems on nonlinens equation Ege | 3E-3.10)
thint e be written in avectar focmns B[V = (fijug,. 0 o) fiv, o ew ). Mo, 2o, owd ),

whern
a4 I8 3
S, Ol = (-3 aia;-]m. _l; 2%}:1 IR~ EFU|L§+~E%U|W+ E_ffl‘;:r
. 2 e ’
(mh* — EF}: (%11)
filvp - e Y= o % ;f;'-f_u y %j’;i“l:'—'m 3 %% U1y 28
%f_ 2 385 8
R et T g T oL ﬁ-Fna_lr-um: SLLTY!
—%ﬁ%u}_,—mﬁi, foralli=23,... N -1, (3.12)
34 3 3
fwivg,.-., o) = (- gprlenon - Efg“ﬂ' 1+-2- 3]';}#'” - Ei—i"ﬁ'_wﬁ
oo+ gy — (b~ 3 (319
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The Incobinn matrix (V) for the system of Egu.(3.11-3.13) & given by

afyibe Bfye BfifBe . B0y
Gfgfdey Bfafg Efafiuy L Bfyfbuy
JVy= [8faj8e 8fyfdn BfjEe .. Bfa/bom
By Bfufboy  Bfnites .. Bfujiu,
Chocsing thae V0 = (ef” . o'}, we oan obtain FV) and J(V(9). Sclving the near
systemn,
I = iy, (3.14)
we will chenin U0, Then
i) — el ol {3.15)
Continning for k =23, we buwe
FeCEL ST L prlE-T) (3.14)
where
B0 =g Fpa S el s e (3.17)

4 Numerical experiment

Assume thot there nre two moving peralleded belis whese boe space W01 m. The both of
verticnd moving belts has snome speed that' 1 mys. We will ecosider phy=ieal prromesters m 6
enses 18 show im Talde 1. By using the Gnite differance eqostions Eos.(3.8-1 10) with the Newton
jterative technigne Eqa.(8.11-017), we can obtnin the thin film flow welocity of o thind grede
fluid between o pacadlel mowing belts in coch physicn] parameters as shown in Thbls (1-2) mned
Fig.11.- We enn see that the ratio kbetween the maximnm spesd amd the dynomie wiseosity
does not affest o the thin flm fow welority. However, the ratio between the density nnd
sy mnmie wisconity doeyhigher influenee to the flow welocity then another ratios. 1f the demsity
im merensing, the thin Glm Bow velosity becoming slow down s well

Teble 1: Compnrison of nondimensionnl thin film fow welosity in each physien] parometers m

w [L50) ‘2 = Qe 2 = 1L
Y ) ' 4 1AL i
000 | D EiD . 0ondn [ER1a TS 0A54n 1. 0000
D0 D70 LODDD 0966l 00304 L0ns | 1. 00N
D2s0 - DsD00 LDOD0 - 01883 Ooges TAaR83 10000
L2200 D000 Lo0DDD . 07T ELOGED 19767 1. D000
Orsll 0Os000 100G 00338 [k 109338 1. DoDn

Table 2: Comparisesn of nondimessionnd thin film flow velocity forsome h with g = 0.5,

m = [L25.
x b= =2
03] hesEne [0 5= L0802
040  DEx2 D9 A7
G0 Do D9 0970
Al Desr [0, S 08
100 1.0000 10000 1INKK]
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5 Conclusion

The finite differenes method for o nonlinear differentinl equation with the Newton iterntive
technique is employed to simuolste the thin fuid film How velocity of o thied grode fuid on
parelld moving belts. The results nre shown for the Buid poenmeters 8 and meonce voried.
The parnmeter i has higher affect on thin Huid film Bow velocity then the porameter §. The
proposed mumerisnl techniques nre simple and seonomical to implement.

Acknowledgment. This resenrch is supported by the Centre of Excellenee in Mothemat s,
the Commission on Higher Edueation, Thniland. The sathors are grotefol to the referess for
their eareful rending of the maomseript and their wseful ccomments.

References

[1] & M. Siddigui, B Mabmeod, wnd €. K. Ghori, Thin film Bow of o third grade fuid on
o moving, belt by Hes bomotopy perturbation method, Internaicnel JTowrnn] of Nonlinesr
Beienees and Numerical Simulation; wol. 7, oo, 1, pp. 714, 2006

[2] AcML Siddiqui, R Mahmood, aod (. K. Ghori, Homefopy perturbation method for thin
.mﬂmn‘nthudgruleﬁulrlmmmcﬁnadplnmﬂﬁnm Salitcma:. Fractals, vol 35,
no. 1, pp. LTADIAT, JNkIE.

B A M. Siddigui, A. A Foroog, T- Horooo, aod B. 5. Babecdk, A sompaorison of vagintional
iteration mnd Adominn decompsition methods in solwing nonlinear this film flow problems,
Appli=dMathemationl Sciemees, wol. 8, oo, 97-100, pp. 49114816, 3012

|4} F. Mnbood nnd N. Porhsi, Comparison of Optimal Homaotopy Asymptatie and Adomiasn
Decomposition Methods for o Thin Film Flow of o Third Grode Fluid oo o Moring
Bele, Adwvanees in Methematical Physies, vol. 20015, Articl- 11 643835, 4 pages, 2005,

[5] Bunrden. BL and Faires. 10, Sumerieal Analysss [Thomeon Brooks (Cole, Singapare, 2005).

Procesdings of AMM 2017 MUM-03-6

sz = ¥ o o v = =2 7 1 2 o v ¢ v 1%
nanstiluenansianulidwiunisldanunenisfinyingu leygmlihlldusyleviounism

lidnsdllag visdu Bnnanuilvsaudadiien wagdesineddisdivesenarsynasandinisluly



Proceadmgs of ke Inlormaismel MulConferenes of Enginoss ind Cospeler Scienists 2019

IWECS TH9, Marck 13-15, 20019, Hosg Fosg

Numerical Simulation of a Nonlinear Thin Fluid
Film Flow Velocity Model of a Third Grade
Fluid on a Moving Belt using Finite Difference
Method with Newton Iterative Scheme

Pantita Klanknew'* npd Nopparat Pochail® =

Abatrad— A thiz Slm Aow prokblom onon i
irnl mnd hiomedical problams. & thin A= Sow v

11

lier 1Rin i fow of u third grade Seid on o
mthl. hgﬂ:.'-hu'miqa' Pn'L-'hLl:nm:IJnd =
15, ke

mlndp:.\uluuh---hu-nr.u_in Fow of
lll-dar-h&udm:.-mmﬂbdl Tha GAM pencraies
5 L of k lincar prukl The

dthmﬁ—:lh.ﬂﬁhﬁwﬂ:ﬂg:—“
'ﬁ-u_nﬂ-mﬂmﬂllhﬂmhm

hcd.'_v"ﬂnllhnl!-hlﬂuﬂ— an o e
r]q'—.l _#&
'I: i= f talts rpoad

nlstiom, ot ek

1 Imtrodusction

N Supe, 1 MNow Mewionian Muid bes m by nalein the
physmeal ayebom. Physices o of non-Neertowiss Suid o
mrlngps in e vl g msch s mischanizsl enginocring
and mamidaring promes which sean son-Newiooian
H:—hd-n'h:rﬁ.l.lndl:ﬁi-d\nl’ﬁ:
Do - eart Gnid w ndfercing o fud whose

of weldus of linear bk ENITSTE. rE-
b-:*-dr*ﬂrb-dlﬂmﬂﬂ:mml-rﬁ
enr problen. We proenl swne sipeesicsd semulabione b
illustirats and conlirm cur neeclis In (6, (e nossrchers
nﬂdlﬁlnﬁhhﬂlﬂ-d.'ﬂcﬂmdc‘lm
n‘I::hql. ful and vk B app

oz s gl Ty yp-

I.au:r-lhdfﬂllﬂ,.
In this noswsrch, & coupls of § i difeeses methed s
ﬂmﬁn—hﬂ-'_lblnmlmﬂ:u-
luticns of & ceml peveming squstis, The preg
Aumeyi o tchnigues prer poed mprecmeni s poeosimaled
Emintions in sovera] moving balts seed lowds.

2 The thin fuid flm fow volocity madal
of & third grada fand ona moving balt.

The thim S=id film Row velbcily of o third grade Buid
ol vy Bt i el by the )

--:-H:E.ﬂ-_lh::p#'ﬂ.r_whm Pecple gy ol el .2 &8
humilir wiih & non-DNewicsiss Suid ™ rvery dey. B
haview of Newtomies Suids See water can be dosemibed g3, B‘:J,l"‘lgllf"' Ty o

Samivey ey and The nommsch 7! || T Ll ds s d
d"imhtmlml.d.hngu_pmmn&n— {1
walt when somlbis=ed theery with " g hrari b’ sl Iy oedilom '
Mot ol the mamnific peubl in fimd hancs arc - °

icled ur -H 5] oopals I o well O = my, 17y
karwm Lhml camrt sobels rf Lheme I E iy 1.1:} ‘I ) II
wadvar: proid oo e el o pbasis. Thendors, meamir- ] - gy 3

wre wed ke baredle sech bype of peobless. = 1)) there-
- e———
Hmhbmﬂwm “H

mhd’l.‘-ul-lilhﬂlnﬂmhf_hnl !AM
Hed Teagiok 10400, Thalksed Homdk
W

[EAN. 97380140855
[E5N: HITR0NSR (Frnly, 155M: 20750868 {Onlne)

whes v s B Auid sdociy fmiel 2 s the densiy
[;ll.'m’:l.p i the dyreense simerssty [ Fa.x), S, Oy wee (b
material custants of the B B=id (non-units), §
imilis praveiy aceekerabion [m)/e"], § @ the wdorm thick-
ol B Auod Al (), meed g, e, mere e el mproad ol
the rete of chanpe of S=id Scw welodty o ended Ieyer.

TMECE 2019

lidnsdllag visdu Bnnanuilvsaudadiien wagdesineddisdivesenarsynasandinisluly

73

sz = ¥ o o £ = =2 7 1 2 o v ¢ v o
nanstiluenansianulidwiunisldanunenisfinyingu leygmlihlldusyleviounism



74

ol e [mlormattmed MulsConfomes of Eng el Cimy Hei Fo b

IMECE 1019, Mirch 1315, 3019, Fioeyg Kineyy
We the ol r warinhics, mide, w obbain

- - L )

v - 1:_" (8]

L] 1 1 ]

g T"g“'u":‘. i8] l'*':'?r'“';[]'?%;“'iigﬁ'?ﬁ;"a

- m togoms + red =i S 00
where § = max{n), 6, |. From BgfHT), == obisis the
di ¥ Eorm ma (o wrm pliciky we renoeed 0,

g 4”{%}’5—m 0 frall 0 5z 1, (i8]

wid) -,

w(l] = Jms
whene 1 = the neodinessicend rovng balis gposd sd
v, = the raie of chasgeof the Fusd sclesity oo e e
layr.

3  Nuomerical Techmiques

3.1 Finite diference method for a thin fuid
Hilm fow mudel of a third grade
Hmid on maoving bt ended Layer

‘We will spprocimaic B sclutin by wdny fnite difer-

- E ™ Ve ) P widh

[irichlet. Boumdeey mondStises Eq B {11 tha o be

wridben in.e compact Joem e baloe,

) YA

'"-ﬁ-.hlllﬂ'sxsl. {1a}

‘We divede I, 1] arta ¥ + [ subisterral shes endpeings:

e ml xy o= a4 ah) o all ¢ = LW ] e

b= 1/ =1]. By wenp the seriered Emite dfrmmos

rxihod [B; the Eniie differens: aquuicn o be wriliom
w follws,

T — B Ay m
h* r Tepd — %8
Sy

19y
()

. [[Z}

boralli = 1,2, K. 1t frlirww dhad

P 1 +;fql'='?.|?— ;5*4-(7- i |}—:—5[=-c-d=1|]
e, —:Ii:-[mf,ﬂ 3 !—:,‘:r. IW]—’{;E‘.’ 1%}

501+ Fpld ) = mi, (13)

fer all i =L, % 0 W, Fordo= I plegthe knoen walue

[SHMN: STRTHE 1455
IS5 HI7RCRISE (Printy, [S5H: 2075965 (Online)

Fori =23, N — 1iEq19) becme

L —I-;{.;:,’_a,—;%v,’ 1Pl —;l:!v\. |-§.|,—2\r.

—;;,nr?“ —;—%PE 1 Jﬂ-grv. LR |
T |§-E-u?,. b, (16}

Te muddy the finile @feenoe meihed fo & Nomas
botmlary comditim, w1} g B (19) B i N

2k 2w i #:—f!-m-} Fea P
(B e - S 28 V)
—hr—!{;—h[ﬂl |
455[w Vg 2bk 2 Vwy ]
—ﬂ%-‘l v._.+§ﬁz[w 1Y fa® 1

3.2 Mewton Ierntive method for nonlisear
Bnmite differencs equations.

Apply the N 1 - he uy o
n veci e aa

LR LT LT T L T o

IMECS W%

sz - v o @ v - = Y ' v o v %% Y
nanstiluenansianulidwiunisldanunenisfinyingu leygmlihlldusyleviounism

lidnsdllag visdu Bnnanuilvsaudadiien wagdesineddisdivesenarsynasandinisluly



75

ol B 3 MiudtsConfy uf Enginom end Compeler Scientists 2019
IMECS HHY, March 13-15, 20019, By Bemy

whem Iﬁw-ﬂidlhml.y\. Slﬂ)m_ﬁnﬂhh—
18 -I.;.ﬂm’f:m. ut TP, The msterial cmstant of the
Filota ] = =2 :_,;.1 +[]—T}q e ol in 1E8TE x 1077, The moving bkt has apesd
¥ | e memed the unBorm hicheese of Fesd Slm w00 =
.E..,; .,., W will corider plhysical parameiers in 4. cus m show i

2 Tible 1. By msing the faite diicnomcs equations Bqe{14-
.Em} [n\.i u,__ {17) 18] with the Kewion derakive bochmicues B (17-19), we
enn ebinin e this Suid fln S welocity ook byer
7 T— p—— .4_3‘-’ _&_,“r. I the spoed of moving belt & uniors and the maes of
Mdﬂmdﬁhv:hﬂqmlhﬂbdhp-:
- |rl’“_h__ﬁqp_ﬂ rer e &0 | foroe, Lhe ape dl erw
* 2 welocity iz each s e whow = Table | ssd Figurs 1
gt e e — i, ekl dlegratyagiein

JEFFFH—TBE:. ity Ereoe med soene exberadl foros mre sl myvedigstod s
L X show in Tahic 2 The cmpssieon of 15 il Aow wdoc-
el i =3,3 . N1, (1B ity wh lefi belt speed wv oo s sbores = Takds
3 1
Fufen <) Bk I Y

2 E e o, Table 1-Comparisen of mendimemson thin B S
%? N VA, velodly in cach nonnegstive b of chesgs with m
—E%[ﬁhknﬁ-_lg.uﬁ_l:._h 286 md = LG

—Sﬁh(“iq,gﬂ A1 mETED DETEY | CMANE. 2STER
o %2 | GBGAE, ODESIT. 04547 OAEAE
T RAR e B e e
_5{" }ﬁ_[-f;%[r[.j]" A L |omr S
—mh?, (19] YL o —
e LTI osmi 0aTIY Sy

LU GSTIE  DATM  QATH  OHTIS

Thes Jacctings makrix S Far 1 epsaam o Fagea 1715

-
-Iﬁ.m.’“. o cm W o Et:l'-ﬂk'h'" A IR,
e L affea - opfiaa | mq;jndqﬁ-_u!d-’-&- nME
T -f.: ojutom| —
- lﬁd?:] ... aY, e, can skt T TmT TIT TANT
oL nome ar. e
RODES £ 28
v T s T T T T
- . £ nena Ceddss e
we: will whbain [FT. Then Gl 7 ommy Dlna S
| i GER 2] 2: TR :'J-l'lz DT
Conisming for k=23, 0. . we heee :‘.: m :!T I!.I.'I;
Apdkl . IR i [22)
5 Comclusion
when .
o0 o el Y e L ol . The Fnt Al metind e o menliesr diferenisl
wrquakion with the Newicn serabive tochnige s enployed
4 Mumesical Experiment i smes ke Asin fuid s S wdusty o o thind

gk fluid oo mowing bell. The reubke are shawn for
Amrerming Pk flere s o movieg belloss w ilkicd geade | bhe thin Buid Slm Sow velodby of metor o8 when cxiemasd
Pied bsmn. The basin = Bicd by ths cgpre ol BAE  forox s poettive o oopetivee. I the cxsmal bros i

[5AN: 9T30ER- 1403 5.5 TMECS 2%
[E5M. M7 E-DI58 (Frnly, [38M: 20TE-0966 | Onkne)

sz - v o @ v - = Y ' v o v %% Y
nanstiluenansianulidwiunisldanunenisfinyingu leygmlihlldusyleviounism

lidnsdllag visdu Bnnanuilvsaudadiien wagdesineddisdivesenarsynasandinisluly



76

ol ke T J M F Frngineers and Clompater Scientists 3013
IMECS 119, March 13-15, 2019, Hong Kusg

Tubis: 1: Comparinn of sordimensonl this Sm fow Bl w"‘"""n"“!-.u"‘n".“‘.'",f‘m.‘"

- : ok, B “A oy
weincity m ench keft spoed belb with mo= 0288 and 3 = and Adcmian d ot dhods i
ok semlinens thin Sim fow probless”, Applied Math

T 1 1 crmatical Scienc, V8, 3T, pp. 45114813, 212
a4 1.3000 Q700 DS 03500
1 nae amEr new ome Fl Mabod, F. sl Pocksi, N, *Compasisn of Op
e — position: Methosds fr a Thin Film Flow of u Third
35 0@ddd OGESd  [LED8E D154 Giracke Fluid on a Moving Bell”, Advanccs m Mathe-
IS L G nmm o mar matical Physica, VI, Artick 11) SE135, 4 pages,

OAMd  JLIER DU

LATH 0L

LATLE LT

i
(o)

ke \ﬁ/ 2
N e

ST

18] Kha=blA
nzd m ikin fl
=

dy I tﬂ' ¥ o U ¥ dl = 1 :JI 1 Y o ¥ ¢ v ¥
wnanstluenasianulidmsunisidnuienisfinewing leugslnhlulgssTevimunisin

Lidnsdllag vsdu Snvvvnuillvisaudadiien wagdesdneddiadiveaenarsynasaninisinluly



14

Author Biography

Name Miss Pantira Klankaew
Date of Birth 27™ January 1994
Address 88/246, Gusto Bangna-Suvarnaphumi, Bangna-trad Road,

Srisacharakeyai Sub-district, Bangsaothong District,
Samuthprakarn Province, 10540, Thailand
Education 2016. Bachelor of Science in Applied Mathematics. GPA 3.26
King Mongkut’s Institute of Technology Ladkrabang
2018. Master of Science in Applied Mathematics. GPA 3.28
King Mongkut’s Institute of Technology Ladkrabang
Scholarship 2017. Research assistance scholarship, Centre of Excellence in
Mathematics (CEM), Commission on Higher Education (CHE),
Thailand
Academic Publications
1.Numerical simulation for a thin fuid film flow velocity of a
third grade fuid between paralleled moving belts.
Annual Meeting in Mathematics 2017 Proceeding. (AMM 2017)
2. Numerical Simulation of a Nonlinear Thin Fluid
Film Flow Velocity Model of a Third Grade Fluid on a Moving Belt using Finite
Difference Method with Newton lterative Scheme.
International MultiConference of Engineers and Computer

Scientists 2019 Proceeding. (IMECS 2019)





