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Abstract

This paper presents Spalart Allmaras flow investigation. In this paper, a computational fluid
dynamics CFD model is studied for unsteady external flow. The model is designed in
GAMBIT 2.3.16 and implemented with the help of FLUENT 6.3.26. Dynamic pressure and
velocity magnitude are analysed. Fluid medium is taken atmospheric air for the analysis.

Analytical solution of the governing equation of Spalart Allmaras flow is also illustrated.
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1. Introduction 2. Mechanism of Internal flow

] In fluid mechanics, external flow is such a
Spalart Allmaras (SA) is a turbulence
) ) flow that boundary layers develop freely,
model for modeling different type of _ T )
- ) without constraints imposed by adjacent
turbulent flows, specifically aerodynamic ) _
) ) surfaces. Accordingly, there will always
flows. Different terms of the governing _ _ )
) _ ) exist a region of the flow outside the
equation of this model (e.g. production, ] ) ]
o ) - boundary layer in which velocity,
diffusion and destruction), were modified )
temperature, and/or concentration
by Spalart Allmaras after 1992. _ . )
) ) gradients are negligible. It can be defined
The external flow steady is an important ) )
o ) ) as the flow of a fluid around a body that is
for the designing industry and in over daily o _
) ] completely submerged in it. Turbulence is
operation also. Turbulent wall jet are _ ) _ )
] ] ] ) flow characterized by recirculation, eddies,
widely used in many engineering process ) )
) ) ) o and apparent randomness. It is believed
such as inlet devices in ventilation, _
) o ) that turbulent flows can be described well
separation control in airfoils and film ]
) ] through the use of the Navier-Stokes
cooling of turbine blades. ) ) ) ) )
equations. Direct numerical simulation

(DNS), based on the Navier—Stokes
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equations, and makes it possible to
simulate turbulent flows at moderate
Reynolds numbers. Turbulent flows are
unsteady by definition. A turbulent flow
can, however, be statistically stationary.
According to Pope the random field U(x, t)
is statistically stationary if all statistics are

invariant under a shift in time.

3. Literature review

The history of turbulence modeling can
first be traced back to Leonardo da Vinci’s
drawing from the fifteenth century. Later
work by Newton, Euler, Bernoulli, d’
Alembert, Navier, Fourier, B. de St
Venant and Stokes led to a viscous fluid
model with thermal conduction. With past
century, work by Reynolds, Prandtl, VVon
karman and Taylor finally led to a
mathematical model for turbulent fluid
motion based on assumption of continuum
flow, averaged flow, viscous flow and the

obedience to a set of turbulent postulates.

A large number of research analyses have
been carried out on the external flows
during the recent years. Spalart Allmaras
(1992) mathematically modelled the single
equation model used basically for
aerodynamics. John Gatsis also investigate

the Spalart Allmaras model.

4. Analytical Solution
SPALART ALLMARAS is a turbulent

model having single equation, which is
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basically used for aerodynamic flows.
There are various term for the Reynolds
stress in the equation, which are identified
as convection, diffusion, production,
destruction. In the equation viscosity is a
dependent variable, which is directly

related to the Reynolds stress.

o
d
u/dy

Ve

According to convection low

DF_6F+( i,
Dt ot '\

= Dif fusion + production

— Destruction
General definition of diffusion is.

Dif fusion = V. g

Here g is flux of scalar F due to the

diffusion

@p = DgVF
Here Dk is coefficient of diffusion.
Total viscosity n =€ +y

Where n is eddy viscosity, y is molecular

viscosity.

Nee & Kovasznay assumed that due to
turbulent motion the coefficient of

diffusion D,, = n, so the Schmidt number

are approximetly equal to the Dn/n ~ 1.
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Dif fusion = V.(nVn)

SA represent the diffusion term quite differ
to the NK model as.

v.([V/5]Vve),

Here v, is eddy viscosity and o is

turbulent Prandtl number.

1
[V. (0. Vv,) + €42 (V)]

Dif fusion = —
ff -

For the production term, in the SA flow
they used the magnitude of vorticity w

Productioon = c,1S,:

S = ZQUQU
_ 1 aU; aU}
Y 2%0x  ax

Destruction eddy viscosity is the reason of
turbulent flow is the assumption used here
for destruction by NK.NK says that decay
of energy is inversely proportional to the

square of the energy as follows:

w
e —Bw)?
By integrating
u? = 1/Bt

Consider the quantity F to be the total

viscosity n.

on .
— = —Destruction
ot

By NK Destructon = pn? based on
assumption and dimensional aspect the

final form of destruction is as follows
. B
Destruction = = nn —v)

L is characteristic length and B is non
dimensional universal constant, L is a
function of y and considered to be equal to
&, & is the boundary layer thickness closer
to wall, L=Y.

In SA destruction term is closer to NK
representation. The difference is that SA
defined a non dimensional function

besides a constant one. First form of

destruction would be —c,,, (%)2

Where d is the distance to wall and ¢, is
constant. Due to the distance term it forms
a log layer. On the other side it produces a

low skin friction coefficient.

SA multiplies the first form of destruction
by non dimensional function f,. This is

equal to 1 in log layer.
Destruction = —c,,, fw(%)2
Final Form of Spalart Allmaras Model

SA introduces two new variables for buffer
and viscous sub layer.  This is equal to

ut.
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SA does not require a fine grid as compare
to K-w or K-€ model. In order to arrive at
SA, considered the classical log layer and
devise near wall. These functions are
different than f,,

New variable u = Kyu; in the log layer but

not in buffer layer
This result to the following equation

U = U fyq,

X3
CX3+c3,

ful

Definition of scalar norms of strain rate tensor
Sis

- u
SES+qu2,

=14—
fuz 1+Xfu2

Where f,, has constructed just like f;.

Final form of the basic governing equation of

Spalart Allmaras model is as follows

Dy _ 1
D—“ =y ST+~ [V.((v + W)VE) + ¢, (ViD)?]
t

_—

5. Modelling and Simulation

The whole designing work is carried out
with the help of ‘GAMBIT 2.3.16” and the
analysis work is carried out in ‘FLUENT

6.3.26’. FLUENT 6.3.26 is computational
fluid dynamics (CFD) software package to
stimulate any kind of fluid flow problems.
It uses the finite volume method to solve
the governing equations for a fluid.

While Geometry and grid generation is
done using GAMBIT 2.3.16 which is the
pre-processor bundled with FLUENT.

6. Results and Discussion

For Turbulence flow, especially the Spalart
Allmaras flow the analysis gives the
appropriate result. In figure 2 the drag
convergence is being constant after 60
time step, about 2700 iteration. In the
figure 1 the turbulent seen nearby the
object is higher and decreases as the
distance increase. The turbulence is higher
at the initial time, this is shown in the
figure 3.

The net moment calculated by CFD is
15.4987 nm, where viscous moment is
1.614349 nm rest of moment is pressure
moment. The net force is 102.285N, where
pressure force is 82.491917N and viscous
force is 19.793083N.
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¢ FLUENT [0] Fluent Inc

Parameter Value
Diameter 2m
Flowing Fluid Air
Velocity of Air Im/s
Reynolds Number 150
Model SA
Density 75kg/m3
Temperature 288.16k

Specific Heat 14
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=&

4.65e-02
4.46e-02
4.28e-02
4.09e-02
3.91e-02
3.72e-02
3.54e-02
3.35e-02
3.17e-02
2.98e-02
2.80e-02
2.61e-02
2.43e-02
2.24e-02
2.06e-02
1.87e-02
1.68e-02
1.50e-02
1.31e-02
1.13e-02
9.44e-03
7.58e-03
5.73e-03
3.88e-03
2.03e-03
1.73e-04

Velocity Vectors Colored By Modified Turbulent Viscosity (m2/s) (Time=3.2000e+02) Aug 19, 2012

FLUENT 6.3 (2d, dp, pbns, S-A, unsteady)

Figure 1: Velocity Vector by Modified Turbulent Viscosity
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% FLUENT [2] Fluent Inc
12.0000 —
10.0000 —
8.0000 —
Cd 6.0000
4.0000 —
2.0000 —
i
0.0000 T T T T T T |
0 50 100 150 200 250 300 350
Flow Time
Drag Convergence History (Time=3.2000e+02) Aug 19, 2012

FLUENT 6.3 (2d, dp, pbns, S-A, unsteady)

¢ FLUENT [0] Fluent Inc

Figure 2: Drag Convergence History
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Aug 19, 2012
FLUENT 6.3 (2d, dp, pbns, S-A, unsteady)

Figure 3: Modified Turbulent Viscosity
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% FLUENT [0] Fluent Inc =@ -

4.63-02
. 4.44e-02
4.266-02
4.07e-02
3.89e-02
3.71e-02
3.52¢-02
3.34e-02
3.15e-02
2.97e-02
2.78e-02
2.60e-02
2.41e-02

| 2.23e-02
2.05e-02
1.86€-02
1.68e-02
1.49e-02
1.31e-02
1.12e-02
9.39¢-03
7.55e-03
5.71e-03
3.86e-03
2.02e-03
1.73e-04

Contours of Modified Turbulent Viscosity (m2/s) (Time=3.2000e+02) Aug 19, 2012
FLUENT 6.3 (2d, dp, pbns, S-A, unsteady)

Figure 4: Contour of Modified Turbulent Viscosity

Aerodynamic Flows" AIAA Paper 92-
0439

7. Conclusion
2. Ching Jen Chen, Sheng-Yuh Jaw

After the completion of computational
(1998), Fundamentals of turbulence

analysis there are following conclusion

modelling, Taylor & Francis,
drawn: _
) ) http://books.google.co.uk/books?id=HSCU
1: drag and lift convergence are being
GJ1n8tgC

constant, after minimum 60 to70 iteration.

2: turbulence is dense nearby the object, ) )
) 3. John J. Bertin, Jacques Periaux, Josef
and continuously decreases. ) )
) ) Ballmann, Advances in Hypersonic:
3: maximum pressure held in the front of ) ) )
o Modelling hypersonic flows Baldwin B. S.
object. _
and Barth T. J. A one equation turbulence

transport model for high Reynolds number
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