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; Abstract: The present work analyses the study of thin film flow of a steady, incompressible, non-isothermal under the influence of
1 variable viscosity for Phan Thien Tanner fluid on a vertical belt. We have derived the basic governing non-linear differential equation

i as of the continuity and momentum equation. Then we have used Perturbation technique to solve resulting equation. Reynold model is |

i used for temperature dependent viscosity. The upper convected Maxwell (UCM), linear PTT (LPTT) and quadratic PTT (QPTT)
i models have been solved from this considered model. Interpretation for “velocity profile, temperature distribution, volume flow rate ;
and average velocity” has been obtained in this case. Consequence of distinct parameters on “velocity profile” and “temperature |
distribution” are shown graphically and therefore the comparison is also given for velocity and temperature distribution for all the

special cases of PTT by using tables.

1. INTRODUCTION

In recent years, the most attention has been gained
by non-Newtonian fluids in the several biological and
industrial technological: mostly in chemical industries,
bioengineering and material processing. Here
insufficient belongings of non-Newtonian fluids, for
example, drilling mud, toothpaste, greases, blood,
paints, clay coatings, polymer melts etc. It is an
extensive class of fluids so; no single model can deal
with each property of such fluids as is done by
Newtonian fluids (described by the well-known Navier-
Stokes equation). Regarding to this several fundamental
equations have been considered to anticipate the
physical structure and nature of such fluids for various
materials (Abel et al., 2014; Deshpande, and Barigou,
2001; Memon, et al., 2014; Memon, et al., 2018). It is
so, difficult regards study in against that of a Newtonian
fluid, because of that is a nonlinear connection between
the rate of restraining and shear stress. The Phan Thien
Tanner model has been designed to a large extent as the
class of non-Newtonian fluid, by the reason of
mathematical ease and general industrial applications
(Memon, et al., 2014; Yong-Li Chen, et al., 2009;
Schowalter, 1978).

Here our principal concentration is investigation of
thin layer flow concerning a PTT fluid with the
temperature dependent fluid viscosity by the use of
Reynold model (Phan-Thien, Tanner, 1977). In a thin
film flow, the liquid is partly restricted through one
boundary whereas the other boundary can relate with
other liquid, e.g., air. Formation of thin films is based
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on three fundamental expressions namely, centrifugal
forces, gravitational forces and surface tension. The
study of thin layer flow is significant concerning
chemical processing. Examples of everyday life are the
flow of a tear films in the eye membrane, paint down a
wall and rainwater running down along a window
(Siddiqui, et al., 2006, 2012, 2013, 2016, Bird. 1987).
Here, in our work, fluid is considered viscoelastic with
variable viscosity consistent to Phan Thein Tanner fluid
(Sasuiet al., 2018; Mohyuddin et al.,2005); (Mercant
and Atalik 2012). We have observed theoretically the
flow of thin film for a Phan Thein Tanner fluid model
concerning lift problem on aupright belt. Three estates
are examined, namely QPTT, LPTT and UCM. As the
best of our insight the results by using perturbation
methodis not accounted anywhere.

The plan of the research article is ordered as
follows: Section 2 holds the basic governing equations
of Phan Thein Tanner model and section number 3
covers problem considerable and solution. Results and
discussion be specified intothe section 4 and in Section
number 5concluding remarks are given.

2 GOVERNING EQUATIONS
Essential governing equations for incompressible
Phan Thien Tanner Fluid , includin thermal effects are:

V-V =0, (1)

DV
—=pb-Vp+V- T,
Py P p @
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The symbol P be
fordensity, \/ represent velocity field, T be extra stress
tensor, bDrepresent to body force, €for temperature
distribution, 7] bethe viscosity coefficient, k represent to

= kV?6 + %tr(TAl) ®)

the dynamic pressure, p stands

thermal conductivity,operator DR denotes the material
t

derivative, C | be the specific heat constantand A1 be
the 1% Rivlin Ericksen tensor, which is represented as
=(VV) +VV. @)

For PTT fluid model constitutive equations (Faraz, N.,
Lei, H., Khan, Y, 2015; A. M. Siddiqui, et al.,
2006;Sasuiet al., 2018) is given as

v
fFrT)T+AT =1nA,, (5)
Here A is the relaxation time and symbol for upper
\%

convected derivativeis T , which is characterized as:
=—((VV)'T+T(VV))+ % (6)

For PTT fluid model, there are three special cases which
are commonly used as
1. Upper Convected Maxwell (UCM) Model
f@rm) =1 (7
2. Linear PTT (LPTT) Model

frT) =1+ ﬁtrT (8)
n

3. Quadratic PTT Model (QPTT Model)

n

Where € is parameter represent the “elongational
behavior” of the fluid model. Phan Thien Tanner fluid
flow model be there shear thinning and exponential PTT
fluid model is further thinner than the linear PTT fluid
model. Shear thinning effects are directly related to the

f(trT) = 1+ﬂtrT %(g—itrTj ©)
n

value of & . Elongational viscosity is inversely
proportional to & (Siddiqui, et al., 2016).
3 CONSIDEARABLE PROBLEM AND ITS
SOLUTION

Let we take a vessel full of an incompressible Phan
Thien Tanner fluid with variable temperature dependent
viscosity. An extensive belt moves upward with

constant velocityU and gets a layer of Phan Thien

Tanner fluid of a uniform thickness ¢ during motion
but due to gravity fluid tries drain down to the belt.

216

Consider the flow of a fluid is parallel, laminar and
steady. We have assumed [ as gauge pressure.

Here, we have considered xy-coordinate system
with the end goal that “y-axis” is alongside the belt into
the upward direction and “x-axis” is normal on belt. In
like manner, we expect that

=[0,v(x),0], T=T(x), 0 =6(x)only

Fluid layer

Fig. 1. Physically geometry for fluid flow through vertical belt,
which is moving through container.

Related boundary conditions concerning the proposed
problem are

T,=0  and Yo a X=4, 11)

dx
v=U and 6=6, at x=0 (12

By using equation (10) into continuity equation (1)
remains identically fulfilled and non-zero equation of

motion at atmospheric pressure and energy equation
after using the value of 1%t Rivlin Ericksen tensor is
0=—pg+—2 (13)
dx
dv
+T,, — (14)
¥ dx
Intigrate to equation (13) W.R.T., X and after applying
free space boundary condition, we get
T, =—pg(5—x) (15)
Inserting equation (10) into the equations (4-6), after
considerable calculations once we obtain:

frm)T, = f(trT)T,, = f(trT)T, = 0(16)

2
O—kd 24
dx?

dv 17)
f(rT av (
(trT)T,, dx
f(rT)T,, = 77 av + ar, 9v (18)
dx
dV 19

Since f (trT) has one of the values given in equation
(7) — (9), therefore f (trT) #= 0. Which implies that
Ta=T,=T,=0 (20)

By applying these values from equation (20) into the
equations (17) - (19) we get
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T,, =0 (21)
dv

f(trT =n—
(trT)T,, i

f(trTT,, = 247, S 29

(22)

Joining equations (22) and (23), we get
2
L= 22T, @
n
Which is relationship among ordinary stresses and shear
and that is Parabola with the axis at T, =0 and a
vertexof parabola at the origin. The focus of parabola is
[0, 1 [Q]) which lies on axis of T, and opening is
8\ 1
at upward. T, =0 is tangent to its vertex and as well
asparabola. After using equation (20) and (24), the tace
of trace of extra stress tensor can be defined as:
ZﬂTj

trT = (25)
n
Using shear stress (15) in equation (24), normal stress is
given by
T, = 24p*g* (5 —x)? (26)
n

Rearranging equation (22) after substitute the value of
T from equation (15), we can write it as

dv_ pg f(trT)(6—x)
dx n
Substituting equation number (15) in (14), we obtain
dzZe dv
— g5 —x)ZY  (28)
Ve £9( ) ax
Analytical solutions of this equation along with the

boundary conditions (11) -(12) are obtained for three
cases (7)-(9) in the following subsections:

(27)

0=k

3.1 Solutions for UpperConvected Maxwell (UCM)
Model:

By using UCM maodel (7) in (27), we get;
v__ =% (29)
dx n
making dimensionless by significant the following

dimensionless parameters:

n Y X 0-6,

——=n*, —=Vv*, —=X* O*= (30)
o U 4 0,0,
Hence equation number (28) and (29), after dropping
“** becomes

nﬂ =-s,@-x) (31
dx

dZze dv
0O=—>2_"535B,(A— X)— (32)
dxz t r( X) dX
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Where g _ P95 denotes  Stokes number and
t

770U
/N is Brinkman number, Letthe
' k(el - ‘90)
temperature dependent fluid viscosity 7] is given by
Reynolds model (Faroog, et al, 2013). The
dimensionless form of this model is
n=e(-L0). (33)

LetL ={&m, where &a small perturbation parameter
(Siddiqui, et al., 2013, 2006). Expand equation (33) by
using the Taylor series expansion up to first order and
then substitute into the equation (31), we get

a-mo) gL - —s,a-x) 4

Keeping in mind the end goal to explain these kind of
ordinary differential equations with related boundary
conditions (11)-(12), here we utilize the perturbation
method by fascinating the velocity and temperature
distribution approximately as

v(x,&) =3 v, o(x,£) = > &0, (39)

Insert equation (35) into equation (32), (34), (11) and
(12) and then solve separately at each order of
approximation. By using corresponding boundary

conditions, the systems of equations obtained are as
following.
Zeroth order problem
dv,
o =S (36)
d?e dv,
dX;’ —S,Brd— x)d—; (37)
v =1, 6,=1 at x =0, (38)
dﬂ: 0 at x=1 (39)
dx
First order problem
M g, Vo _g (40)
dx dx
d?e, dv.
dle =S,Br(1— x)T;(41)
v, =0, 6,=0 at x=0, (42)
9% _o  atx=1(43)

dx
We are not considering the second order equations
because of long computations. Solving Equations. (36)
and (37) with the associated boundary conditions (38)
and (39), we have

Vo :1—%{1—(1—@2} (44)

_1_SEBy (0 Na (45)
O, =1 s {a—» 1}



Analytical Solution of Lift for Thin Film...

Substituting equations (44) and (45) into equations (40)
and (41) and then solving with respect to the boundary
conditions (42) and (43), we obtain

8
L I L e R )
12 2016 |14(1-x)* +11

Inserting Equation (46)—(47) into equation (35), the
perturbation solutions up to order one are:

V(x) =1+ 2% {7 -1} + mgs (A—x)? -1}~
mESSB,
72
o(x)=1- 3B 220 - - msl‘fB ((x-1*-1)+

{2+(x—1)6—3(x—1)2}. (48)

més)' B!
2016
{3a-%° 714(17 x)* +11} (49)
“Volume Flow Rate”(VFR) and “Average Velocity”
(AV)
The “volume flow rate Q “and “average velocity V ”
in dimenshionless form, is specified as:

Q= j'v(x) dx = (50)

By utilizing equation number (48) in (50), we acquire,
Q:\Tzl_i_mgst _méstaBr (51)
3 3 63
Net upward flow can be obtained by taking

dimensionless average velocity V>0 Equation (51)

provides
1= S, MSS, | mESPB, (52)
3 3 63

3.2 Solutions for Linear PTT (LPTT)Model;
Using LPTT model (8), in equation (27) and
simplifying with the help of shear stress (15) and
equation (25), we get
W (5 ) 2L (5 5
dx 7
By non-dimensionalising equation (53) by using
parameters (30) after dropping ‘*°, we get
dv S, 252 De? s (54)
F N
Using the Taylor series expansion up to first order from
equation (33) into equation (54), we get

(l—3§m9)% = =S, (1-X)(1— 2émB) — 265, De? (1 — x)* (99)

AJ

Where De_?ls Deborah  number. Substituting

perturbation expansion from equation (35) into the
equation (55), after separating at each order of
approximation, we obtain

Zeroth order problem

O('ji =S, (1—x)—2S,°De2e(l— x)*
X

(56)
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First order problem

dv,

dx
Here again, we are considering up to first order because
ofsecond-order contain lengthy calculations. Solving
system of equations. (56) and (37) by using
corresponding boundary conditions (38) and (39), we
have

z d‘;? = 2mé,s, @— x)57)

3 2
Vo (X)= 1+ 88‘2De

{(x 1) -1} —

a0t 1} SPEBL gy 1) s9)

Insert equatlon (58) and (59) into the system of
equations (57) and (41) and then solving with respect
conditions from equation (42) and (43), we acquire

{1-@-x*} (58)

2
6, _1_57

mS, ,y MSB 2 6
v, =—— 41— (x-1 "3x1 x=1-)° -2+
== {1 -0+ T 8- - (-1 -2+
5 2 7 4
MeS DBy (191 x)° +16(1- x)? +30(-)* - 29) 4 me?S/B,De’
240 50
3 2
{20 +50-x)* -3} + W{a— V-1 (60)
ms,‘Br? . . mS,°De?eBr?
L S T L T | L
) {( ) -14-0+1y 2700
2 _ 4 2¢ 8 2 4
471 X)° - 45(1- x)* ~135(1- x)* +133}- "> B{g X, me Ségiz) De
4 4
3001 - ) ~132(1- X)° +102}—@{a- °-1  (61)

Inserting Equation (58)—(60) into equation (35), the
perturbation solutions up to order one are:

V(x) =1+ > {o-7-1)- 53132Dez 1-@-x+ m‘fs e (1 x)? -1+
ms; ‘fB MO (30-x7 - (x-1)° -2} + 73"155:‘3 Dez{(l-x)“—l}

mgslgDe B, s 4 2
+T{717(17x) +30(1-x)* +16(1—X) 729}+
me’£S] B, De* 0 .
T{—2(1—><) +5(L-x)* -3} (62)

2 4 2
() =1- 51128 ((x-1* -1}~ S D1es B {(x—l)6 —1}+
4 2 6 2 2
L:t?fr [30c-1F -14(1-%) *+11) + 7m53'2?go‘98r
4 4

{47(1-)° ~45(1-x)* ~135(L-)* +133] —M{a— X°-1)

mES*Br(L-x)* . mée?S *Br’De*
12 9900
Using equation (62) in equation (50), get,
Q=15 _ 2:5°De’ mES, mS’Br 1ImesS De’Br
6 5 3 63 135
12ms°5S,'BrDe!  6mées’De’  105,éme*S *De’?
275 5 7
For net upward flow,equation (51) provides
3 2 3 5 2
1>i+ 265, De . més, . mS,“éBr +1:I.rms§5t De“Br
6 5 3 63 135
12ms255,'BrDe* 6mé&sS,°De?
275 5

{30(1-x)"* ~132(1-)° +102}  (63)

(64)

(65)
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3.3 Solutions for Quadratic PTT (QPTT) Model;

By utilizing QPTT model (9) in equation (27) and
make straightforward with the help of shear stress (15)
and equation (25), we get

2 3.3 5~5.214

dv —@(S—X)—Zg/“;g (5_)()3_251[7 g55/1(5_x)5 (66)
dx n

Now by using dimensionless parameters into the

equation (66), after dropping ‘*’, we get

dv_ S(1-x) _zsste:a—xf 25,625, Det L=9° x) 67)
dx n n n’°
By Utilizing the Taylor series up to first order from
equation (33) into equation (67), we acquire

(1—5@9)%: -8, (1-X)(1—4ém8) — 25,628, De* (1- X)°

—265,°De? (1-x)* (1-2£m6) (68)

By using perturbation series from equation (35) into the
equation (68), after sorting out at each order of
approximation, we obtain

Zeroth order problem

M _ g (1-%)-2:5°De (- x)°
X

b ~26,65,°De*(1-x)°  (69)

First order problem

d—v—5 6, C:jVo 4m‘9081(1_X)+4m6’055t3Dez(1_X)3(70)

dx
Solving system of equations (68) and (37) by using
corresponding boundary conditions (38) (39), we have

vo(x)=1—3{1—(1—x)} £5.De’ S fa-xt)-

w{l a- X)} (70
4 2
9, :1—ﬁ{(1—x)4 —1}—8‘[)165E§"9{(x—1)6 —1}—
5,5¢De*B.&? ‘
‘T{(l—x) - (72)

Insert equation (70) and (71) into the of equations (69)
and (41) and then solving the system of ordinary
differential equation with respect conditions from
equation (42) and (43), we obtain

vmﬂungm?ganawt$

2

meS’De’B,
240

5ma7e*S; B, De’
288
3meS De’

=

{-170-x)° +16(1-x)’ +30(1-x)* 29} + {-01-x7+30-%)*-2}+

mz?S/B, De*
50

55,me?S De’

=

{-20-%)"° +5(-x)* -3} + (- -1+

L 1} N mé,¢’S; B, De*
1440

N mo,¢°S; B, De®
144

5/me*s!"De’B " s
4L T 3(1-x)"+2(1-x)" +1 73
g 200 ) )

{~123(1-X)" +15(1-x)" + 200(1-X)° - 92|

{70 +16(1-x)" -3(1-x)* -6} -
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mS,*DeeBr?

mS Br? {
2700

e X)? ~14(L- X) *+11}+

{ 7(1- x)"° - 45(1 - x)* ~135(1- x)° +133}
m§1€ Sl DeA-Br 12 8 4

%€ 5 =2 21 8681 %) —165(1— X)° — 308(L— X)* —395

177408 o) ~1651- )" ~3080-¥ !

_m#aaﬁf_&mﬁ%mdk_w_ﬂ
12 140
M{so(l_ X)? -132(1-x)° +102}—
9900

%

17ms,6°S,°BreDe’
87360

@Oafxf476&17xf736417xf+34ﬁ753§%?ﬁ¥ikA—m67ﬂ+

2 46120.2 8
Hfii%;£5£¥l&8a—xf—45a—xf+1ﬂ (74)

Inserting Equation (70)—(73) into equation (35), the
perturbation solutions up to order one are:

1 =1- 5o 07) - S22 o)

515 St De {l—(l—X)s} m§S {(X X) }

3
mSZEB, 6 me£S?De’B
3L-x)*-(-x)-2{+ ——t——*
72 {( )= } 240

5MEs2°S B, De’

{~17(1-x)° +16(1- )’ +30(L-X)* - 29} + 5

27 4
{7a7@“+3a7@47@+553%59¥i{2a7mm+5a7@473
3 2 2@3 2
+W{(l_x)4_1}+W{(1_X)6_1}+
2 3
més,e’S/ B, De' 10 2 6
—4 T 1123(1-X%)" +15(1-x)“ +200(1—x)" —92
1240 { (1-x) 1-x) 1-x) }
més,e*S; B, De’ " 6 .
=L T(x-1-Xx)“+16(x-1)" -3(1-x)" -6
124 { ( ) (x-1)"-3(1-x) }
5’még*S'De’B u .
ST S T T L 3 -x)M +2(1-x)° +1 75
o2 (79)
2
o(x)=1- 3B 2oty §J¥%5f{a-xf—Q—
5,5 De'B, &’ méS,*Br?

e {(1—x) —1}+ = (31-%)° 140~ %) *+11}

6 2 2
+T§i§i§i{ua—mm—%a—mt4%a—mh4%}

2700
2¢ 8 4 2
Méce 5. De BI (651 x)'* - 165(1- )" ~308(1- x)* 395 -
177408
2 _yv)4 2¢ 6 4
mESBr(l—-x)*  5,me”S,"BrDe {(1—x)8—1}
12 140
me2S 2BreDe’é 2 5
—— = {30(1- )"* ~132(1- X)° +102}.
9900
3cq 10 2 6
—Eﬁn@fﬁiggl£¥ié{80a—xf4—65@—»03—364a—x)6+349}
87360
4 4 2 _4c 12 2 8
_ meS"BrDe é{(lfx)Gfl}Jr mo,“¢"S;“Br°De’¢
5 7056

{28(1-%)° - 45(1-%)° +17} (76)
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For utilizing equation (74) in (50), we obtain, e -\%
3 a2 2c 5pd es
Q_v_y S _2687De’ 85,:°S°De’ mS, b Do
6 5 21 3 -t {":"“%/{
mS.’@Br 11mesS,°De’Br me&s,2S,°BrDe® S ost P

63 135 39 o5 De=0.8 “‘-:‘t;-‘\:-..-“ De=07
_195,°¢*4mS " De’Br  12ms*&S,"BrDe’ :4 De:[}fg,/x “*“::g::/'__ S
5040 275 L . . it terierd
L] 02 o 0.6 0.8 10

6mésS,°’De?  105,&mes?S,° De? .
B 5 B 7 Fig. 3: Effect of De on velocity field, when

_ 509mé&s,es,'BrDe’  46mée’S, s, BrDe’ m=15 £=001, S =14, Br=10, £=001

7 L0F
110880 1365 (77) ",
For net upward flow of the fluid will be, o, e=0.0
1S, 265,° De? +85152515De“ LM, S ﬁ{*«. /
6 5 21 3 / R e=0.1
- | . " e,
mS,*&Br +1117155'3;5De2|3r N me3£5,%S, BrDe’ g 06 i3 NI
63 135 39 - AP
, 196, %¢"4mS "De’Br  12me”¢S,BrDe’ “r . S Tl A
5040 275 R
6meeS,*De?  105,6me’S, D’ .y . . ]
+ 5 + 7 oD 0.2 o4 0.6 0B 10

509m&s,e?s, BrDe* .\ 46més*s,° 5,BrDe®

78 ig..4: € ity fi

110880 1365 (78) Fig..4: Effect of ¢ on velocity field, when

Table 1. Comparisonof velocity profile with respect to x for the m= 15’ 5 = 001’ St = 1'4’ Br = 10’ De =2
special cases of PTT fluid model, when Lo \

m=4,£=015=1002 ¢=00LDe=2,Br=8,6,=1  os} "5

e, =6
X UCM LPTT QPTT DE L Q% m=0
0 1 1 1 Cont «15:
0.2 0.732198 0.700961 0.700161 = S,
0.4 0.507883 0.458639 0.457467 of | R
0.6 0.342679 0.285578 0.284275 os | TRA M.,
0.8 0.242595 0.183038 0.181687 ) m=15 - )&;ﬁ";:._*
1 0.209177 0.149188 0.147824 04 | - 4 R bt
Table 2. Comparison of temperature distribution with respect to x m=12 T
for the special cases of PTT fluid model, when 0o 02 04 06 02 10
m=10,¢=001,5, =099, & =0.01 De = 4,Br = 4,5, =1 o S
c Tt ' L ! 1 Fig. 5: difference of m on velocity distribution, when
X UCM LPTT PTT
- - a & £=1 =001 S =14, Br=10, De=2
0.2 1.00969 0.743955 0.737746 Lo \
0.4 1.01429 0.562612 0.554578 0o \
0.6 1.016 0.44275 0.434355 o3 \
0.8 1.01639 0.374724 0.366296 ) ,
1 1.01642 0.3527 0.344272 w “,
Lop Zoos Si=0.96
o\ St=0.98 %‘% St=0.97
os | e ol =0 — Q?Q-.
o TN os .
= esb %‘ Br=0 _ M‘aﬁ"
os b - +Br=3 03 5t=0.99 B
il Brs =y ":s-.a/ . . . . CARAS
ok Bres - TEZseea. . 0.0 0.2 04 0.5 0.8 10
o0 02 o4 o6 ;‘;.—-‘--‘__-:1-:) =

Fig. 2 Effect of Bron velocity field, when Fig. 6: difference of St on velocity profile, when

m=15&=0.01,S, =1.4,,6 =1,De =2 £=1¢=001 m=15, Br =10, De=2
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10F T T T T ] PR
i, < Se=1.4 " Se=1.5
osf ol - o L - — = =
N s Si=1.6
“,“:“! Ty, 10 N T E e m
pEr /_:)1 N:“ - ::.E - P T ———————
- a7 PR S=1.7
=oar £=0.03 e S S
L -".—"‘
F-o
0rr ]D»f
ey 0.0 02 04 06 os L]
oo £=0.02 ] 3
on ) Fig. 11: difference of St on Temperature when
z m=10,6=0.01, De=4,£=0.1, Br=04
Fig. 7: differenceofé: on velocity profile, when 1a e S R R R
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In the overhead sections 1-3, we have
investigatedtheoritically the thin layer flow utiling
steady and incompressible Phan Thein Tanner fluid for
uniform thickness with variable temperature dependent
viscosity. The approximate analytic solutions have been

Fig. 9: Effect of M on Temperature when
€=0.01 S, =099 £=0.1, Br=04, De=4

120 '__--a-""""""""‘""""" acquired concerning velocity field and for temperature
Desd by utilizing perturbation method. The impact of

s . distinictparameters on velocity field and for temperature

— ol is inspected graphically. The effect of the Brinkman
= R R i number BI', Deborah number De, parameter represent
s et De=2 | elongational behavioré, paramter m,Stokes number
1.00 i ,;'_.;_::i--’-f """"""" De=1 7 S, and perturbation parameter & on velocity field as
Uf:)” - = 7 - T well as temperature distribution are observed through

(Figs. 2-13). In the (Figs. 2-7), it is detected that
velocity  field  decrease  with  increase  of
Br, De, &, m, S, and & . This explain that magnitude

of velocity increase with the increase of all parameters.

Fig. 10: Effect of De on Temperature when
m=10,6=0.01S,=099 ¢£=01,Br=04



Analytical Solutionof Lift for Thin Film...

The effect of Br, De, &, m, S, and & is shown in the

(Figs 8-13). In these Figures, one can notice that as
De, &, m, Brand &increase, the magnitude of

temperature distribution increases and decrease for the
increase of S, The comparison for velocity field and

temperature distribution for the special cases of PTT
fluid is also given in (Tablel-2) with specified
parameters and that are declared in caption of the each
table above. Results obtained in (Table 1-2) are
calculated mathematically. Tabulated data
presenting that lifting velocity field and temperature
distribution of UCM fluid model is higher than LPTT
fluid model and lifting velocity as well as
temperature of LPTT fluid model is greater as
compare to QPTT model. This indicate that lifting
velocity and temperature distribution of QPTT fluid
flow is slower than UCM fluid.

5 CONCLUDING REMARKS

Considering equation for steady, incompressible
and non-isothermal thermal Phan Thein Tanner fluid for
uniform thickness with variable temperature dependent
viscosity on a upright belt concerning lift problem by
the use of Reynold’s viscosity model. By perturbation
method, the resultant non-linear differential equation
has been solvedfor fluid corresponding boundary
conditions

The resultant non-linear differential equation (DE)
has beenexplained by Perturbation method for fluid
corresponding boundary conditions and that is affecting
and consistent method concerning the projected
problem. The velocity field, temperature distribution,
average velocity and flow rate have been solved by
perturbation technique. Here we have noted that
UCMTfluid model will uplift easily as compare to LPTT
and QPTT fluid model.
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