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Two examples of outer potential flow and limiting surface
streamlines for separating flow over an infinite yawed cylin-
der: (a) elliptical cylinder (1:6), ¢ =

45 ° [after Wild (1949)};

(b) U= Clx — x%), W= W, [after Sears (1948).]

ACCOI‘dll’lU to active research in the mathematical topology of three-dimensional separation zones [Tobak and
Peake (1982), Wang (1997)], four different points in separation can be distinguished:

1. A nodal point, where an infinite number of surface streamlines (“skin-friction lines”) merge tangentially to the

separation line.

2. A saddle point, where only two surface streamlines intersect and all others divert to either side.
3. A focus, or spiral node, which forms near a saddle point and around which an infinite number of surface streamlines

swirl.

4. A three-dimensional singular point, not on the wall, where the velocity is zero, but serving as the center for a

horseshoe vortex.

S &
"" '% A s Al f @i&gm%;\&wﬁ;%@a%w&
cwf AW Mwh%




1 use only.

-85. Downloaded from www.annualreviews.org

Annu. Rev. Fluid Mech. 1982.14:61
by Stanford University - Main Campus - Lane Medical Library on 02/06/13. For personal

64 TOBAK & PEAKE

Singular Points

Singular points in the pattern of skin-friction lines occur at isolated points
on the surface where the skin friction (7., 7,,) in Equation (3), or alter-
natively the surface vorticity (w,, w,) in Equation (4), becomes identically
zero. Singular points are classifiable into two main types: nodes and saddle
points. Nodes may be further subdivided into two subclasses: nodal points
and foci (of attachment or separation).

B
’.-?_._\

VMORTEX LINE

Figure 1 Singular points: (a) node; (b) focus; (¢) saddle (Lighthill 1963).
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FIGURE 4-50
Separation regions in corner flow between
airfoils. [After Gersten (1959).]

Stagnation streamline

Flat plate

Surface of
separation

Line of separation

FIGURE 4-51
Three-dimensional separation in flat-plate flow
against a cylindrical obstacle. [After Johnston (1960).]
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FIGURE 4-52

Three-dimensional separation on a
round-nosed body at an angle of
attack, first described by Legendre
(1965). Points A, S, and F represent
a nodal attachment point, a saddle
point, and a focus of separauon
point, respecuvely
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Closed separation line

e

Closed separation Open separation

(©) Separation-line movement ()
: Reattachmentline

Fixed

e Steady
Accelerating sphere Accelerating delta wing _____ Dynamic
(e) 7 N Z ——— Reattachment line

Reattachment line

Separation line moving
towards model meridian

Accelerating prolate spheroid ¥ Accelerating prolate spheroid X

(2 7 (h) z

Y,

Separation line moving
outwards

Decelerating prolate spheroid x' Decelerating prolate spheroid X

Figure 1. {a) Example of a closed separation with closed separation line. (b) A case with open separation
with two open separation lines. (c) For an accelerating sphere, the separation line moves backwards in

the subcritical Re range (Fernando et al. Reference Fernando, Marzanek, Bond and Rival2017). (d) For
an accelerating delta wing, the flow has been observed to reattach on the wing surface (Marzanek &
Rival Reference Marzanek and Rival2019). In contrast, for an accelerating prolate spheroid, a number of
scenarios are possible: (e) the separation line will move closer to the model meridian centre or (f) a
reattachment line will be created. Sketches in panels (g) and (h) illustrate possible scenarios for
decelerations. To make the panels clear, the possible larger cross-flow separation for decelerations is
only presented on one side of the model body.

Dynamic separ‘ationr on an accelerating prolate spheroid, JFM: 22 November 2023
Pengming Guo, Frieder Kaiser, David E. Rival
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FIGURE 4-53
Start-up of viscous flow past a cylinder accelerated from rest: (a) Initial flow is nearly inviscid,

resembling Fig. 1-4; (b) later, separation begins on the rear surface; (c) still later, separation
extends up the rear surface in a symmetric vortex pattern; () finally, the double vortex becomes
~ unstable, leading to an alternating Karmén vortex street, with the separation point on the front | e S T
of the body.
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Fig. 7.1 Prandtl's sketch
of the streamline pattern
and velocity profiles in
the neighborhood of sepa-
ration.

-
T I T

Fig. 7.2a Streamline pattern at a
point of separation over a down-
stream moving wall.

Fig. 7.2b Streamline pattern at z
point of separation over an up-
stream moving wall.

Fig. 7.2¢ Velocity profiles corre-
sponding to the pattern of Fig. 7.2a.

I

The saddle point in Fig. 7.2a corre-
sponds to the point u=0du/dy =0
according to the MRS criterion.
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FIGURE 4-54 e =

Streamlines for acoustic streaming in the outer flow -
about an oscillating circular cylinder. [After Schlichting
(1932).]
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Kundt's tube is an experimental acoustical apparatus invented in 1866 by German physicist August
Kundt2 for the measurement of the speed of sound in a gas or a solid rod. The experiment is still taught
today due to its ability to demonstrate longitudinal waves in a gas (which can often be difficult to visualise).
It is used today only for demonstrating standing waves and acoustical forces.

Fig. 15.7. Pattern of streamlines Fig. 15.8. Secondary flow in the neighbour-
of the steady secondary motion in hood of an oscillating circular cylinder. The
ioh hood of lat camera moves with the cylinder. The metallic
the neighbourhood of an osctllat- particles which serve to render the flow vi-
ing circular cylinder sible show up as wide bands owing to the
long exposure time and to their reciprocating

motion, after Schlichting [44]
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Figure 20.36 Streamlines in a Taylor vortex cell of a Couette flow. The wall and the surfaces ———

separating vortex cells intersect in lines of separation and lines of attachment
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Figure 20.37 Separation pattern of a horseshoe vortex above a wall.

Separation line

We see in Fig. 20.37 one of the simplest examples of a three-dimensional separation, a
steady horseshoe vortex above a solid wall. The wall is in the x—z plane, and only one-half
the flow is shown because of symmetry. The vortex is perpendicular to the oncoming
stream at point C, a spiral focus. Point A is a separation saddle point and point B is the
attachment saddle point. A bifurcation line leaves A and proceeds to bend back along the
wall. At some position the line ceases to be an asymptote and becomes an ordinary wall
streamline. In a similar fashion, a bifurcation attachment line is emanating from B, and it
could also turn into an ordinary streamline. The ultimate fate of the vortex is not depicted.
In a very viscous flow, the vortex could die out downstream and only a uniform shear flow
would remain.
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Free-Surface Wave-Induced
Separation

Free-surface wave-induced separation is studied for a surface-piercing NACA 0024
foil over a range of Froude numbers (0, .2, .37, .55) through computational Juid
dynamics of the unsteady Reynolds-averaged Navier-Stokes and the continuity equa-
tions with the Baldwin-Lomax turbulence model, exact nonlinear kinematic and ap-
proximate dynamic free-sutface boundary conditions, and a body/free-surface con-
forming grid. The flow conditions and uncertainty analysis are discussed. A topologi-
cal rule for a surface-piercing body is derived and verified. Steady-flow results are
presented and analyzed with regard to the wave and viscous flow and the nature of
the separation.
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