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Mechanism for Influence of Nose Bluntness on Asymmetric Vortices
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Pressure distributions on slender bodies are measured at various roll angles; it is found that the side loads on
the blunted-nose slender body are as small as one-third of that on a pointed-nose one, or even zero at some

roll angles. Numerical simulation shows that different flow structures are generated on the leeside of the bodies
with different noses. The results confirm that a structure of U-shaped horseshoe vortex develops on the top of

the blunted nose due to the closed type of surface flow separation. The shear layer separated from the nose is

entrapped into the horseshoe vortex core and forms two main vortices on the two sides of the body. The function
of this structure is to hold in the two main nose vortices and to restrict the emergence of asymmetry.

PACS: 47.32.Cc, 47. 32. Ff, 47. 85. Gj, 47.27. Vf

It has been recognized for a long time that asym-
metric vortex shedding occurs on slender bodies at
high angles of attack, and produces side force and
yaw moment on the bodies even at zero side slip.*?
Keener et al.[? reported that the local sectional side
force can exceed the local sectional normal force by
a factor as large as 1.5 on a tangent ogive of fineness
ratio 3.5. Such a large force is very harmful to the air-
craft such as missile, rocket and modern fighter plane.
Therefore some techniques are taken to eliminate or
restrain the side loads.[¥! Among them, the nose ge-
ometry and its bluntness are found to exert an impor-
tant influence on the asymmetric vortices’ flow field
and their induced asymmetric loads.[':5] Thus, some
researchers have devoted great effort to the nose ge-
ometry. Cones with cross section of circular, elliptic,
biparabolic and biwedge were introduced by Siclari
to study the flow field of different forebodies.l®] A
dozen noses with different geometries and bluntness
were adopted by Brandon and Nguyen to research the
stability of a fighter model with a cylindrical fuselage
shape.[”]

There are two kinds of nose geometries, one is of
axis-asymmetric cross section, and the other is ax-
isymmetric cross section. For the former kind, the
sharp edges along the nose cause the separation points
to be fixed like a straked nose, or the asymmetric
boundary alters the flow condition like an elliptic sec-
tional nose. The flow structures of these types are dif-
ferent from the original ones. For the latter kind, the
nose bluntness was found to make the side loads sig-
nificantly decrease. On a slender body with a pointed
nose, the vortex asymmetry usually begins from the
nose, and the vortices shed at a relatively rapid rate
causing alternating side force distribution along the
long body. The inception angle of asymmetry a4y is
relatively lower. On the slender body with a blunted
nose, the vortex asymmetry and its side force usually
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begins from the afterbody, and then move to the nose
with the angle of attack increasing. The angle aav
is relatively higher. Ericsson and Reding[!! believed
that a slight amount of nose bluntness variance, as
little as 6%, can cause the transformation of types of
vortex shedding. Pick indicated that nose bluntness
is an effective means of reducing the side force,® but
the physical mechanism has not been completely un-
derstood. Many researchers only ascribed the cases in
the absence of a sharp nose tip.

How are the flow field and its side loads affected
by the nose bluntness? In the tests by Yanta and
Wardlaw,!! a sharp nose tip was replaced with a 10%
spherically blunt one, and their results showed that it
did significantly reduce side forces but the nose blunt-
ness was not found to fundamentally change the lee-
ward flow fields. The flow field of a blunted model
is more stable than that of a sharp model and the
resulting degree of asymmetry is too small to pro-
duce vortex shedding. The reason for this remains
unclear. However, Hunt et al. observed that the nose,
whether pointed or blunted, may not be the basic ge-
ometric characteristic to differentiate the separation
type, while the curvature of nose contour might be
the important factor.1]

By surface pressure measurement, oil flow test and
numerical simulation of flow field, a systematic study
of the flow structure of two models are performed.
Different side force distributions for bodies with dif-
ferent noses are reported and the mechanism for the
influence of nose bluntness on the asymmetric vortix
structure is presented in this Letter.

The test models designed are two cylindrical af-
terbodies with two interchangeable noses, the pointed
and blunted noses, both of which are tangent ogives
and made of the same counter except that the blunted
one has a bluntness of 20% at the top end, so the fine-
ness ratio of pointed nose is Ly/D = 3.0 and that
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of blunted nose is Ly/D = 2.776. Two afterbod-
ies are of the same length with L4/D = 9.14. One
is for pressure measurement with 18 taping stations,
and the other is for oil flow test. Experiments are
conducted by streaking in the wind tunnel of Peking
University and by pressure measurement in wind tun-
nel NF-3 of Northwest Polytechnic University. For
more information of the models and test facilities,
please consult Ref.[11]. The working Reynolds num-
ber is R, = Vo, - D/v = 1.0 x 10°, which keeps the
flow around the slender bodies in the range of sub-
critical Reynolds.?l The variation of the angle of at-
tack is from 0° to 70°. The same physical models
are used in our numerical simulations. The calcula-
tions are performed by solving the continuum Navier—
Stokes equations for incompressible laminar flow with
a finite volume method incorporating the third-order-
accurate discretization scheme CFL3D. This numeri-
cal code was originally developed by Thomas et al.[*3]
The conservation form of the governing equations in
generalized coordinates (§,7,() can be written as
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Fig.1. Side force distribution on pointed-nose slender
body.

At lower incidence (o = 10°), the side force coef-
ficient is zero since the generated vortex pair is sym-
metric at leeward of the pointed-nose and blunted-
nose slender bodies. Our oil flow results indicate that
both the surface separation types are of the open ones
on the two models.
the pointed-nose slender body at the high incidence
(a = 50°) and different roll angles are presented in
Fig.1. It shows that all the curves are quasi-sinusoid
with swings decaying to nearly zero after three or four

The side force distributions on

half-cycles. The variation of the curve phases with roll
angles suggests that the inception angles of asymme-
try are different. The magnitude of side force coeffi-
cients is normally within the range of 1 < |C,| < 3.5.
The side force distributions on the blunted-nose model
for the same conditions are shown in Fig. 2. It can be
seen that their characteristics differ greatly from those
in Fig. 1 though the curves are still sinusoidlike. The
phases of different curves are basically the same in
Fig. 2, so are the axial positions of zero points.
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Fig. 2. Side force distribution on blunted-nose slender
body.
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Fig. 3. Zero value of C, on blunted-nose slender body.

It should be noticed that the magnitude of side
force coefficients for the blunted nose is within the
range of |Cz < |1, which is significantly lower than
that generated on the pointed nose model. The more
curious and fascinating phenomenon is that a series
of nearly zero side force coefficients occurs with the
variation of roll angle as shown in Fig.3, where roll
angle ¢ = 40°, 100°, 160°, 170°, 180°, 200°, 280°. For
comparison, two curves (¢ = 250°,340°) that have a
large C, are also given in Fig.3. Now the test inter-
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val of roll angle is 5°, and we can foresee that more
states of zero value of C, will be produced by reduc-
ing the test interval of roll angles. What causes such
different characteristics of side loads on two different
noses with the same cylinder afterbody? Is the flow
field developed on the blunted nose model completely
different from that on the pointed nose one?

Fig. 4. Vortices’ system over pointed-nose slender body

(a = 50°).

Our numerical results indicate that on the pointed
nose model, the main vortex pair originated from the
nose boundary layer separation becomes asymmetric
at high incidence (a = 50°), with one vortex in a
higher position and its counterpart in a lower position.
Developing downstream along the body, the higher
vortex will eventually shed from the model and be
replaced by a new vortex originating from the body
boundary layer separation. Such a process continues
right-and-left alternately, finally an asymmetric multi-
vortex system is established as shown in Fig. 4, which
produces a quasi-sinusoidal distribution of side force
(Fig.1). The pertinence between the vortices system
and its induced side loads has been studied experi-
mentally by Deng et al.['

The results also show that on the blunted nose
model, the two vortices keep a symmetric state basi-
cally downstream along the body at some roll angles
(¢c.=0) and high incidence (o = 50°), which pro-
duces nearly zero value of C, as shown in Fig. 3. How-
ever, they also become asymmetric at other roll angles
(pc.+0) and then develop into a vortex series which
is similar to that on the pointed-nose model. The in-
terval of the vortex series on the blunted-nose model
is smaller than that on the pointed-nose model, which
results in smaller values of C, as shown in Fig. 2.

What causes such different flow structures on the
two models? Could a slight discrepancy only on the
tip of the noses produce a fundamental transition of
the flow behaviour?

In order to understand the nature of the flow field,

surface flow patterns are investigated firstly over the
two slender bodies. Figures 5 and 6 show the tested
oil flow patterns on the two different noses. It can be
seen that both the primary and secondary separation
lines are of the open type on the pointed nose (Fig. 5),
whereas they are of the closed type on the blunted
nose (Fig.6). Such different types of separation have
been known extensively. However, how do they in-
fluence the development of spatial structure over the
whole models?

(b)

Fig. 5. Oil flow pattern on pointed nose.

Fig. 6. Oil flow pattern on blunted nose.

The numerical simulation indicates that a struc-
ture of U-shaped horseshoe vortex forms on the lee-
side of the blunted nose due to the closed separation
(Fig.7). This vortex structure was also observed in
our tests of flow visualization in the water tunnel of
Beijing University of Aeronautics and Astronautics.
Here we present the computational results, from which
one can clearly perceive its configuration. A U-shaped
horseshoe vortex, which only originates from closed
separation of a blunted nose top, entraps the sepa-
rated shear layer rolling up from the two sides of the
nose into its core directly, and forms two main vortices
(VR1 and VL1) on the two sides of the body rotat-
ing in opposite directions. Thus the two main vortices
have a common joint end at the top of the nose. The
structure of the U-shaped horseshoe vortex provides a
relatively settled vortex core for the two main vortices
as shown in Fig.8. For a pointed nose, since no such
vortex structure forms due to the open separation, the
trajectories of the two main vortices are independent
of each other as shown in Fig.9.

The flow field around a slender body is very sensi-
tive to the disturbance from the minute irregularities
on or near the nose tip which are produced from the
model machining tolerance,'') and such disturbance
is usually uneven and inevitable. Without the restric-
tion of the U-shaped horseshoe vortex, the two main
vortices VR1 and VL1 can easily become asymmetric
at the nose disturbance with a larger vortex interval
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and develop into an asymmetric multi-vortex series
as shown in Fig.4, causing higher side loads on the
pointed-nose slender body (Fig.1).
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Fig. 7. A structure of U-shaped horseshoe vortex formed
at the leeside of blunted nose top.
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Fig. 8. Sketch of vortex structure at the leeside of blunted
nose.
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Fig. 9. Sketch of vortex structure at the leeside of pointed
nose.

For the blunted-nose slender body, even if the dis-
turbance also exists in the nose top, the two main
vortices VR1 and VL1 are inclined to remain symmet-
ric with the restriction of their U-shaped horseshoe
vortex structure locating at the nose top. Therefore
at some roll angles where side loads are nearly zero
(¢c.=0), the state of VR1 and VL1 is basically sym-
metric downstream along the slender body. However,
the state of the two main vortices is just held in or
restricted, not locked in by their U-shaped horseshoe
vortex. Thus, at other roll angles at which the side
loads are not zero (¢, x0), the two main vortices also
become asymmetric and a series of vortices similar to
Fig.4 are generated with a relatively small vortex in-
terval, which produces small side loads as shown in
Fig.2. The difference of the effects of the U-shaped
horseshoe vortex between the two states, ¢c, .o and
pc.—o0, will be further studied in the future.
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