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ABSTRACT

Effect of viscous heating with wall heating is carried out to analyses the incompressible viscous flow of water
over flat plate boundary layer. The SIMPLEC algorithm has been used for the solving the water flow on to the
flat plate based on finite volume method discretization. The commercial CFD code FLUENT has been used for
solving coupled equation by adopting a QUICK scheme. The governing equations along with appropriate
boundary conditions are applied to flat plate boundary layer. Here i have considered Viscosity temperature
relationship (Piecewise linear methods) used to approximate the deviation in viscosity for water above varied
range of temperature. The main objective of this study is to explore the effect of the viscous heating on
characteristics of Boundary layer flow with the help of ANSYS (FLUENT).I considered free stream temperature
of 288 K (15°C) and Wall temperatures of 303K (30°C) with variable viscosity. As the temperature increases the
viscosity of water reduces. The Results shows that the shear stress and viscous drag force reduce along the
stream wise direction. Also it is found that boundary layer characteristics boundary layer thickness & and

momentum thickness &*decreases with viscous heating.
Keywords: Effect of Viscous Heating, Flat Plate Boundary Layer, Incompressible Flow, Viscosity.

I INTRODUCTION

Here, | have considered wall heating to the flat plate to see the effect of viscous heating on boundary layer
characteristics. For water fluid, it is shown that as a temperature increases, viscosity of air increases and

viscosity of water decreases. [1]

Viscous heating represents the effect of an irreversible process by means of which the work done by a fluid on

adjacent layers due to the action of shear forces is transformed into heat.

As we applied temperature change to water flow over a flat plate, it viscosity changes and it was observed that

the tendency of water to eddy becomes greater as the temperature rises. [2]

The study of flows of viscous fluids with temperature Require properties is of number of attention in varies
fields like lubrication, tribology, food processing, instrumentation, and viscometry.in the polymer processing
industries [3], viscous heating shows an significant role as many liquids in such applications strongly depends
on temperature because coupling between the energy and momentum equation affecting variations in flow
structure. [4-10].
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The objective of the present work is to do analysis of flat plate boundary layer with the effect of viscous heating

on boundary layer characteristic.

I GEOMETRY CREATION, GOVERNING EQUATIONS AND BOUNDARY CONDITION

(B.C)

We started with Geometrical meshing in Gambit and Grid independent solution for the flat plate.

2.1. Geometry Creation of Flat Plate (2D)

A Rectangular coordinate system used to model this flow over flat plate. We have created 2 D geometry in

gambit with considering grid stretching near flat wall surface, so that finer grid at wall surface gives accurate

result. For geometry create and grid stretching, we made following consideration.

=Structural Grid (498*300)

0.5m, Aspect Ratio=1/1000, Grid dimension

1.0m, Height=

Length

Fig.1 2D Geometry Meshing of Flat Plate.

2.2. Governing Equations.

I have considered two dimensional (2D) flow of Newtonian and incompressible water over flat plate with

viscous heating. A piecewise linear Viscosity temperature relationship is used to approximate the deviation in

viscosity for water above varied range of temperature.

The governing equations for mass, momentum and energy in fluid flow flat plate can be presented as follows.

2.2.1. Conservation of mass (Continuity Equation):

Q)

v
+E—}_ =0...

du
%

Where u and v are the velocities in x and y directions respectively.
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2.2.2. Conservation of momentum (without viscous heating):
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2.2.3. Conservation of momentum (with viscous heating):

ou 9u 9u_ P 1
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Where p is the mass density, p is the fluid pressure and  is the dynamic viscosity of the fluid.Re = plUL fuyls
the Reynolds Number.
2.2.4. Conservation of Energy (without viscous heating):

aT u aT - aT 1 8T #°T 6
at it dy  R.=B ﬂx:+ﬂy: -+ (6)
2.2.5. Conservation of Energy (with viscous heating):
&7 &7 T = U (BVi2) | Bu , 8V.g. BT T
Re+B [S+U 4V E] = Nau [2(EH%(27] + C+D+EE+2- ()

Where k is the thermal conductivity and £, is the specific heat.

2.3. Boundary Conditions

Different boundary conditions apply to both the case without viscous heating and with viscous heating for flat
plate and The SIMPLEC algorithm has been used for the solving the water flow on to the flat plate based on
finite volume method discretization. The commercial CFD code FLUENT has been used for solving coupled
equation by adopting a QUICK scheme. A convergence criterion of 10-5 has been used for numerical
calculations. The governing equations along with appropriate boundary conditions apply in Ansys (fluent) to
acquire a require data. Boundary conditions for without viscous heating are, at inlet zone velocity is 0.2 m/s, at
outlet zone gauge pressure is 0, at symmetry zone velocity is free stream and at wall zone no slip condition. For
with viscous heating boundary conditions are, at inlet zone velocity is 0.2 m/s and free stream temperature is
288 K, at outlet zone gauge pressure is 0 and temperature is 288 K, at symmetry zone velocity is free stream and
temperature is 288 K, at wall zone no slip condition and wall temperature is 303 K. with piecewise linear

viscosity.
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3.1. Grid Independent Study

Table 1.GI Study.
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x=0.4, y=0.00252525

Grid u(x,y) Error V(X,Y) Error

252*150 0.124686 0.000194519

352*212 0.125499 0.65% 0.000197478 1.52%

498*300 0.126011 0.41% 0.000199981 1.27%
x=0.6, y=0.00252525

Grid U(x,y) Error V(X,Y) Error

252*150 0.103578 0.000108726

352*212 0.104092 0.49% 0.000110099 1.25%

498*300 0.10437 0.40% 0.000111187 0.99%
x=0.8, y=0.00252525

Grid U(x,y) Error V(X,Y) Error

252*150 0.090388 7.14842*10°

352*212 0.096896 0.33% 7.22373*10” 1.05%

498*300 0.098483 0.17% 7.27981*10° 0.78%

3.2. Velocity profile.

3.2.1. u velocity vs. y.
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Fig.2 Variation of stream wise velocity (u) in wall normal direction(y) at x=0.7m.
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From above Fig.2 it is shows that velocity (u) is zero at wall condition(i.e. y=0) for both the case without
viscous heating and with viscous heating and it is increases up to free stream velocity which is 0.2 m/s in wall
normal distance ( i.e. y=9mm for without viscous heating and y=8mm for with viscous heating). After velocity

variation is constant as move towards wall normal direction.

Result show that stream wise velocity is reduces in case of with viscous heating in wall normal direction with

Reference to without viscous heating at particular stream wise location x=0.7m as shown in Fig.2.

3.2.2. du/dy vs. y.

du/dy vs
0.02 . : y — Y Yy . . .
$ —=—without viscous heating
*—with viscous heating
0.015 -
> 0.01 1
0.005 -
- -
b T
0 L 1 1 1 1 1 1 L 3
-5 0 5 10 15 20 25 30 35 40

du/dy
Fig.3 Variation of stream wise velocity derivative (du/dy) in wall normal direction(y) at x=0.7m.

From above Fig.3 it is shows that velocity derivative (du/dy) is maximum at wall condition (i.e. y=0) for both
the case without viscous heating and with viscous heating and it is decreases up to zero in wall normal distance
(i.e. y=15mm for both the cases). After velocity derivation variation is constant as move towards wall normal
direction. Result show that stream wise velocity derivative is reduces in case of with viscous heating in wall
normal direction with reference to without viscous heating at particular stream wise location x=0.7m as shown

in Fig.3.
3.2.3. d®u/dy? vs. y.

dzuidy2 vs y
T

0.02 T T T T T
—e—without viscous heating 5
~—with viscous heating

0.015 b
> 0.01 N
0.005} = .

o 1 1 1 1 1 1 — 1

-7000 -6000 -5000 -4000 -3000 -2000 -1000 o] 1000

d?u/dy?
Fig.4 Variation of stream wise velocity derivative (du/dy) in wall normal direction(y) at x=0.7m.
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From above Fig.4 it is shows that velocity double derivative (d?u/dy?) is tends to zero at wall condition (i.e.=0)
and it is decreases (negative) for both the cases and back to zero for both the cases at wall normal distance
y=15mm and After velocity double derivation variation is constant as move towards wall normal direction.
Result show that stream wise velocity double derivative is reduces in case of with viscous heating in wall
normal direction with reference to without viscous heating at particular stream wise location x=0.7m as shown

in Fig.4.

3.2.4. xvs.G

-3 XVvs §
14 X10 T T T T T T T T

—e—§,without viscous heating
4,with viscous heating

12

10

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Fig.5 Variation of boundary layer thickness (&) in stream wise direction (x).

From above Fig.5 it is shows that value of boundary layer thickness is minimum (i.e. 4mm and 3mm for without
viscous heating and with viscous heating respectively) at x=0.1.it is increases as move toward stream wise
direction and maximum (i.e.14mm and 11.5mm for without viscous heating and with viscous heating
respectively) at x=1. Result show that boundary layer thickness is reduces in case of with viscous heating in

stream wise direction with reference to without viscous heating as shown in Fig.5.

3.25.xvs.5"
%1073 xvs 5
T T T T T T T
5 —e—5",without viscous heating
&', with viscous heating

Fig. 6 Variation of momentum thickness (&) in stream wise direction (x).
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From above Fig.6 it is shows that value of momentum thickness is minimum (i.e.1mm and 0.5mm for without
viscous heating and with viscous heating respectively) at x=0.1.it is increases as move toward stream wise
direction and maximum (i.e.5.8mm and 4mm for without viscous heating and with viscous heating respectively)
at x=1. Result show that momentum thickness is reduces in case of with viscous heating in stream wise direction

with reference to without viscous heating as shown in Fig.6.

3.3. Shear stress vs. y

XVs T
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Fig.7 variation of wall Shear stress in stream wise direction (x).

From above Fig.7 it is shows that value of wall shear stress is maximum (i.e. 0.11 N/mm? and 0.09 N/mm?) for
without viscous heating and with viscous heating respectively) at x=0.1.it is decreases as move toward stream
wise direction and minimum (i.e.0.4 N/mm? and 0.03 N/mm? for without viscous heating and with viscous
heating respectively) at x=1. Result show that wall shear stress is reduces in case of with viscous heating in

stream wise direction with reference to without viscous heating as shown in Fig.7.

3.4. Drag force vs. y
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Fig.8 variation of drag force in stream wise direction (x).
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From above Fig.8 it is shows that value of drag force is maximum (i.e.0.055 N/mm? and 0.045 N/mm?) for
without viscous heating and with viscous heating respectively) at x=0.1.it is decreases as move toward stream
wise direction and minimum (i.e.002 N/mm? and 0.015 N/mm? for without viscous heating and with viscous
heating respectively) at x=1. Result show that drag force is reduces in case of with viscous heating in stream

wise direction with reference to without viscous heating as shown in Fig.8
IV CONCLUSION

The viscous heating effect on the boundary layer flow for incompressible fluid is studied. As the temperature
increases the viscosity of incompressible fluid (Water) reduces. The wall shear stress and viscous drag also
reduces in the stream wise direction. The boundary layer parameters & and & also reduces for the same Reynolds

number for given flow.
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