WHERE CAN WE ASSUME IRROTATIONAL FLOW?
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CE358 - Fall 2024

The following slides have been produced from running
ANSYS/Fluent, a commercial Computational Fluid

Dynamics, CFD, package, which solves for the viscous flow
around an object.

Results are shown to help you understand the concepts of
flow velocity, streamlines, boundary layer, and vorticity.
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Flow over flat plate (velocity magnitude) predicted by Fluent
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Flow over flat plate (velocity profile in boundary layer)
predicted by Fluent
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Flow over flat plate (vorticity magnitude) predicted by Fluent
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Flow past a hydrofoil (U, = 10 m/s, o = 5° ) - FLUENT
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Flow detail at the Leading Edge (LE) of Hydrofoil

Flow past a hydrofoil (U, =10 m/s, o = 5 °) - FLUENT
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Flow detail at the Trailing Edge (TE) of the Hydrofoil

Flow past a hydrofoil (U, =10 m/s, « =5 °) - FLUENT
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Flow past a hydrofoil (U, = 10 m/s, « = 5° ) - FLUENT
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Vorticity detail at the Leading Edge (LE) of Hydrofoil

Flow pasta hydrofoil (U, =10 m/s, « = 5 °) - FLUENT
Vorticity (s™)
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Vorticity detail at the Trailing Edge (TE) of the Hydrofoil

Flow past a hydrofoil (U, =10 m/s, . =5 °) - FLUENT

Vorticity (s
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Flow around cylinder (velocity magnitude) predicted by Fluent
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Flow around cylinder (vorticity magnitude) predicted by Fluent
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Flow around cylinder (from “An Album of Fluid Motion”,
by M. Van Dyke)

47. Circular cylinder at R=2000. Ac this Reynolds the Reynolds number is increased, have now areained their
number one may properly speak of a boundary layer. It is upstrearn limit, ahead of maximum thickness., Visualiza-

laminar over the front, separaces, and breaks up into a tur- cion is by alr bubbles in water, ONERA photograph, Werle
bulent wake. The separation points, moving forward as & Gallon 1972 = A
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Flow around cylinder (from “An Album of Fluid Motion”,
by M. Van Dyke)

#8. Circular cylinder at R=10,000. At five times the number spanned by these two photographe. It drops lares

speed of the photograph ar the top of the page, the flow when, as in figure 57, rhe boundary laver becom=s s
pattern is scarcely changed. The drag coefficient conse- bulent at separation. Photograph by Thomas Corke and
quently remains almost conscant in the ranee of Revnnlds Hassem Naoib
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EXAMPLE ON IRROTATIONAL FLOW

ul(z,z2)=A-X+B-Z o= O (34)
w(z,z) =C-X+D-Z (35)
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STREAMLINES - DEFINITION
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STREAMLINES - EXAMPLE

(41)

z>10)

s x> ),

wlzr,z) = —z

=T

n(z,z)
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STREAMLINES - EXAMPLE

w(z,z) =2 wlr,z)=—2z ; 2>0, z>0 (41)
: ~ dz
S"l*f‘-cnxw\'(,{me -ejw. “L: "Li e __g'_z —_— D
W dx X dXx
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STREAMLINES AROUND AIRFOIL

23. Symmetric plane flow past an airfoil. An NACA stream. The flow is evidently laminar and appears to be
64A015 profile is at zero incidence in a water tunnel. The unseparated, though one might anticipate a small sepa-
Reynolds number is 7000 based on the chordlength. rated region near the trailing edge. ONERA photograph,
Streamlines are shown by colored fluid introduced up- Werlé 1974
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STREAMLINES AROUND AXI-SYMMETRIC BODY

22. Axisymmetric flow past a Ran-
kine ogive. This is the body of revolu-
tion that would be produced by a point
potential source in a uniform stream—
the axisymmetric counterpart of the
plane half-body of figure 2. Its shape is so
gentle that at zero incidence and a
Reynolds number of 6000 based on di-
ameter the flow remains attached and
laminar. Streamlines are made visible by
tiny air bubbles in water, illuminated by
a sheet of light in the mid-plane.
ONERA photograph, Werlé 1962

s
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=D University of Texas
&= at Austin

Velocities and Streamlin, a Pip
(computed ia Fluent/turbulent)
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Consider fluid flowing through a circular pipe of expanding radius as illustrated
above. Inlet pipe diameter D,=0.1m; outlet pipe diameter D.,=0.2m; inlet velocity
U,=5m/s; fluid density p=100kg/m3; dynamic viscosity p=2X102kg/(ms). The
Reynolds number, Re, based on the pipe diameter, D,, and velocity, U,, at the inlet is:

= Ui, _P Uib, (Remember: V= ﬁj
v 7 p

Re = 2500

Ocean Eng. Group, CAEE
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Streamlines and Velocities inside Separated/Re-circulating Flow

012 T | T T T T
01k Streamlines of
re-circulating flow
0.08

0.06

0.04

0.35
0.1

Bounding
streamline of
re-circulating flow

0.095
0.09

0.085

0.08

Ocean Eng. Group, CAEE



DEFINITION OF VELOCITY POTENTIAL & LAPLACE EQUATION
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VELOCITY POTENTIAL — Example 1
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VELOCITY POTENTIAL — Example 2

The velocity potential, ¢, for a wave in deep water can be expressed as follows (—oo < & < +o¢,
z< 0,1 >0): - —_—

< B(z, z;t) = AeM Sin(k'lD )
Determine theo that this flow-field 1s physically meaningful at ali locations and at all_
times. d

—
_

— Z) 'VI (X/ *)_ a cos C’__l’.X“W )
—_—>

/ “Tree surface  2=0 = X
N————

/ flow field is valid for z<0 2
C % [o.s(v_x—wﬂ]k =

A2 ks
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VELOCITY POTENTIAL - Bxample2
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ACCELERATION OF FLUID PARTICLE
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ACCELERATION OF FLUID PARTICLE
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ACCELERATION OF FLUID PARTICLE
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ACCELERATION OF FLUID PARTICLE - EXAMPLE
u(z,z)=2 wg,z)=—2z ; x>0, z>0 (41)

=0, =0
éu 4—%%—“’-—-\-0/
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