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Computational Fluid Dynamic
Analysis of Flow Over a Sine
Wave-Shaped Wwall

This paper consolidates the wse of computational fliid
| Aymarnics for the ﬁ:t.rr.{w':'.f :’{fl‘_llqr.'ri' QREF B SINE Wave
shaped wall. In this approach the linear elliptic
differential was veduced to laplacian with appropriate
gradient boundary conditions. The geometry was
mreshed with stratght-sided triengular elements. The
analytical and the software package vesults were
comtpared. The macctmum ervor was located at the

ridspar of the well,
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nitroduction

A wviral problem in fluid
mechanics, directly obtaining
the accurate analysls us.lng
the finite slement conceprs, Is

dimensional aerodynamic Now in a
cascade using triangular elements,
Two-dimensional aerodynamic
configuration solutions are given by
Miessner {1973) and Sarpakaya and
Hirlart
(1975

conclude
results for
axisyramerric

B

Fig | Flow over wall
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free surface

potential flow. For the steady
IFratatiaonal Now ol an incompressible
Inwicid Flukd, the governing eulerlan
equations can be reduced to the
laplacian written on either of two
velocity potential funcrions, This
yields an equivalent for the steady
subsenlc compressible flow abowr

slender asrodynamic bodies
DeVries and Norie [1971) abtalned a
finite element solution for two-

af unknown location.

Potential flow

In che eulerian descriptlion for fluld
mechanics [4], the fundamenial laws
become expressed for a reglon in
space through which mass is
converted by the local velecity vector
u, From Reynolds transport thearem,
the equivalents differentiakstatement
for conservatlon of mass of an
incompressibie Fluid I,s-\rﬂnlf.hlng

divergence of the welocity feld.
Tu=0
For a potential flow field. the welocity
field is irrotational; therefore, the cud
of the velocity vanishes
Curlu=Vxu=0 =—(1}

From vector field theery, the equation
[2} s aatisfied by
definition of the scalar potential flow
i as

=99 ——(3

Where the negative sign Is by
comvention,

=—={1]

Liuj =

identically

Substitution of the equation {3} into
(1) yields the differential aguation
Bowerning potentlal Flow:
LiFy=1F=0 —{4)

Where ¥ is the laplacian.

The boundary conditions for the
equation [4) are provided by the
equation {3).

In the rwo-dimensions. Ffor
incompressible flows, the potential
function is called steam function [CL
The differential equation governing
stream function Is
LIC) = WL =0
The equations (4] and (5] are lnear
elliptic partial ditferential equations
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The finite element solution s (o salve
a linear elliptic partial differential
equation with appropriate gradient
constraint boundary conditions. The
finite slement approximation is

soney - (X[ whe vhedz  —48)
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3. Formulation

The fiow over a sine wave-shaped
wall is shown in fig.l. The geometry
was meshed with straight-sided
triangular elements. The boundary
conditions for scalar and wecbor
potentlals are shown in fig.2. The
boundary conditions ara:

Ve h o ——(7)

where 1 is the local outward painting
unit normal vector

For small aspect ratio.

+< |, the flow tangency wall
boundary conditien {7) can be

limearised, Far the sine wave- shaped
wall,
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Tne Infinite series solution
degenerates to one nonzero term Is
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The as:u;'npﬂuns made in the finite
element formulation are:

®  The flow is incompressible

® The element thickness is uniform
® Mo mass flux acrosa the element

face

» The difference between scalar
potential and vectior potentlal s the
speciflcation boundary anly

s Y=landx = A4

»  The wall Is Impervious
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The computational Fluid fow analysis
was carried out using NISA
software package.

240 triangular elements were used 1o
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mesh the geometry, The mesh
B\cn:mﬂm\ Bs 2hown

analytical and the software paclu,s:
results are compared. The average |5
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infig.3 about 1.5%. The maximum error is

U_= 30 m/s, gk = 0.025 and & = 27

Resulis and Discussion

The main dilference between § and
W solution is the specification of the
boundary conditions. The diffusion
matrix |5 identical. At the inflow
boundary ® = 0, the imposed free
stream wvelocity U_ becomes a
gradlent boundary condition on o.
The notrmal gradient of & vanishes at
both the top and bottom of the
domain, since ¥ = A, This is a good
approximation e streamline, as the
weall Is imperviaus. The downstream
boundary is defined an x = |74 as the
geometry is symmetric in nature. The
scalar potential is censtant on the
downstream symmedry plane,

The equipotential distribution is
shown in fig.4. It can be observed
that there s normal intersection of
the equipetentials with the wail and
the upper free stream boundary. The

located ar midspan.

Conclusion

The linear elliptic differential
approach reduced to laplacian with
appropriate gradient constraini
boundary conditiens confirms
minimum error results. The curve-
sided triangular elements can yleld
erra-free results,
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