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Dynamic Instability Caused by
Forebody Blowing

LARS E. ERICSSON* AND ROLF A. GuENTHERf
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THE nose-heavy distributed blowing used by Stalmach et al.1
to obtain the data in Fig. 1 will induce bow shock curva-

ture. Nose bluntness also induces a curved bow shock, and it
has been shown that the associated entropy wake is responsible
for the experimentally observed trends, i.e., increasing static but
decreasing dynamic stability for moderate nose bluntness.2
Comparing the zero amplitude (Am = 0) blowing data in Fig. 1
with the nose bluntness effects does not leave much doubt about
the similarity (Fig. 2);J that is, increasing mean blowing rate has
an effect similar to increasing the nose bluntness. There is one
important difference, however; the increased blowing leads to
negative pitch damping which pure nose bluntness cannot
produce. A difference in e.g. locations, e.g., xCG/l = 0.671 com-
pared to xCG/l = 0.600, affects the nose bluntness-induced
degradation of the dynamic stability derivative very little,
although it has a dominant effect on the change of static
stability as shown in Fig. 9 of Ref. 1 and Fig. 8 of Ref. 3.

It has been shown by Syvertson and McDevitt4 that the nose
blowing effects are very similar to the effects of hammerheaded
spherical nose bluntness. As the entropy gradients behind a
sphere, e.g., on a hemisphere-cylinder body,5 are much steeper
than over the conical frustum of a blunted cone,2 the hammer-
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Fig. 1 Effect of blowing on the static and dynamic stability of a sharp
10° cone; M = 17, a = 0, Aa = 1°.
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Fig. 2 Comparison between effects of blowing and nose bluntness on the
pitch damping of 10° cones.

headed nose bluntness should produce a larger dynamically
destabilizing effect than regular nose bluntness. The hammerhead
geometry is represented by the hemisphere-cylinder-cone
geometry shown in Fig. 3. The cylinder is simply the surface
of the hypersonic shadow cast by the spherical nose. Combining
the results for cylinder-flare bodies5 with the results for blunted
cones,2 one can approximate the bow shock shape as shown in
Fig. 3. It has been shown earlier2'5 that the bow shock-generated
entropy wake has similar profiles which can be described by a
similarity parameter /*, defined by the relative distance radially
from the surface element to the bow shock.

For a spherically blunted cylinder, the inner portion of the
entropy wake has a dynamic pressure distribution that can be
described as follows5

The corresponding expression for the blunted conical frustum
is2

That is, the shock radius is larger in the case of the blunted
cone by a factor of 21/2.

With the coordinate system defined in Fig. 3, the shock radius
for the sphere-cylinder is defined as follows6

Fig. 3 Definition of compound sphere-cylinder-cone geometry.
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Fig. 4 Comparison between hemispherical and spherical nose tip effects.

FRUSTUM LOADS ONLY
, = 10° ;xnn/Z =0.67
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(6)

-xN/dN) (3)
where xN/dN = — \. The shock radius for the conical frustum is

(Rsk/dN)F
2 - 2CDN

1/2(x/dN - xc/dN - xN/dN) (4)
The two shock radii coincide at XCF

xCF/dN = 2(xc/dN) - xN/dN (5)
Equation (3) gives the following definition for / = 2f* of the

hemisphere-cylinder-cone geometry (Fig. 3)
_ JO.33 + 5.5/*: 7* < 0.2945

* = [2.00 : 7* ^ 0.2945
The parameter #* is determined by modifying earlier analysis2'5

as follows: when x/dN ^ xCF/dN, the shock radius is defined by
Eq. (3). When x/dN > xCF/dN, the cylinder wake profile is
stretched to the conical shock, the radius of which is defined
by Eq. (4). The coordinate xc is xc/dN = 0.5 cot 6c for a = 0, and
is obtained simply for a ̂  0 using the tangent cone approxima-
tion. §

Incorporating these modifications in the embedded Newtonian
computer program for regular blunt noses2 gives the following
results: the oversize spherical nose bluntness does produce
negative pitch damping (Fig. 4), but does not explain the full effect
of nose blowing (compare Figs. 2 and 4). Re-examining the
blowing data in Fig. 1, especially the Am = 0 data (obtained by
extrapolation from the data for Am/m = 0.07 and 0.14), one finds
the data for small m suspicious. Eckstrom7 found that the porous
skin allowed breathing at m = 0, causing a reduction of CN .
Similar results have been observed by Wimberly et al.,8 who
found the reduction of CNx to be 20% for a 7.25° cone. This
would correspond to a 42% reduction for a 10° cone, assuming
that the breathing action increases linearly with frustum cone
angle. Correcting the Am = 0 data of Stalmach et al. for this
42% reduction at m = 0, gives the data shown in Fig. 2 with a
square symbol.f It can be seen that the low m-trend now looks
more reasonable, although the spherical nose bluntness still
produces only a portion of the experimentally observed
undamping due to blowing. Something is missing.

So far no consideration has been given to the effect of cross-
flow on the blowing. It has been shown before that the effect of
aft body nonphased blowing is damping (and slightly destabiliz-
ing statically),9'10 and cannot explain the negative damping
measured by Stalmach et al. However, if one considers the cross-
flow effects near the nose, it is obvious that they can cause a
displacement of the bow shock with associated change of entropy
wake on the leeward side. Locally this shock displacement would
cause increased pressure, resulting in decreased nose lift. Such an
effect has been observed for boundary-layer crossflow at moder-

§ And assuming that the intersection between the nose shadow and
the conical frustum can be approximated by the intersection made by a
plane through top and bottom intersection points.

^ This brings the data point for m = 0 in Fig. 1 into excellent
agreement with inviscid theory.

Fig. 5 Comparison between effects of hemispherical, spherical, and
attitude-sensitive spherical nose tip effects on pitch damping.

ately high angles of attack.11 It is conceivable that the crossflow
effect could be much stronger for a boundary layer with mass
addition and could provide an effective increase of the leeward-
side blowing-induced apparent nose bluntness already at small
angles of attack. The resultant effect is that the apparent nose
bluntness is larger on the leeward side, causing a more displaced
bow shock than on the windward side. This is exactly the
opposite of the deviation caused by a conical nose tip.12

Representing this effect by an imaginary conical nose tip with
CDN^ = — CDNJ(0N) (i.e., with the same magnitude as a conical
nose tip but of opposite sign) gives the results shown in Fig. 5.
Comparing Figs. 2, 4, and 5, one can see that attitude-sensitive
nose bluntness can explain the measured negative damping,
although the magnitude of this nose attitude effect has to be
substantially larger than that of a conical tip. \CD JCD\ ~ 2 is
the maximum value for a conical tip. Reference 1 also contains
data for nose blowing (Fig. 6). The blowing rates mN > 3.5%
may well be outside of the range of boundary-layer blowing
discussed here; i.e., they cause boundary-layer blowoff and
generation of an inner shear layer which -has to be added to the
"entropy wake."

The effects of nose bluntness and blowing have been presented
as the (fractional) change of the stability derivatives for a cone
with zero nose bluntness and zero blowing, respectively. In this
manner those boundary-layer crossflow and sting-interference
effects that are the same for both sharp and blunt cones were
eliminated from the comparison between nose bluntness effects,
as indicated by inviscid theory and measured in viscous experi-
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Fig. 6 Comparison between effect of spherical nose tip and nose
blowing.
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merits.2** In regard to the sting interference, there was some
doubt that the nose-bluntness-induced entropy-swallowing
effects would really be negligible when they occurred near the
base.14 The effects of forebody blowing, which include both
apparent nose bluntness and boundary-layer thickening effects,
are even more unlikely to be negligible. That is, one can expect
the sting interference to increase with the blowing rate. In a
hypersonic test the sting interference is usually of the sting-flare
type, causing a degradation of dynamic stability.14 Thus, one
could suspect that sting interference was responsible for part of
the negative damping effect of forebody blowing measured by
Stalmach et al.1 Fortunately, the sting used in the test had the
flared strut fairing more than 4 base diameters downstream of the
base,13 and dynamic sting interference is not likely to have
distorted the data trends measured by Stalmach et al.

The following conclusions can be drawn from an analysis of
the effects of forebody blowing on the unsteady aerodynamics of
slender cones: Forebody blowing has a dynamically destabilizing
effect which can produce negative pitch damping at moderately
high blowing rates. The experimentally observed undamping
effect of forebody blowing can be simulated qualitatively by an
apparent nose bluntness. It remains to be determined how the
bow shock curvature varies with the blowing rate before a
quantitative prediction of the blowing effect can be made.
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Experimental Investigation of
Two-Dimensional, Supersonic Flow
Impingement on a Normal Surface

CHARLES V. KNIGHT*
University of Tennessee at Nashville, Nashville, Tenn.

Nomenclature
D = exit dimension of nozzle
S = finite distance ahead of normal surface
SD = standoff distance ahead of normal surface
X = distance from center of normal surface
y = distance from nozzle exit plane

M
Introduction

OST studies of jet impingement have been of the subsonic,
axisymmetric jet variety.1"4 Rudov and Uskov5 and

others have investigated the effect of flow impingement on
inclined barriers as might result from supersonic jet engine
nozzles. No data are available for a finite-size, axisymmetric,
supersonic flow impingement on a surface normal to the nozzle
centerline in the presence of the atmosphere.

Shauer and Eustis6 in 1963 conducted an experimental and
theoretical investigation of subsonic, two-dimensional jet im-
pingement flows. Wolfshtein7 and others have used the data of
Shauer and Eustis in testing complex mathematical models of jet
impingement flows.

In this experimental investigation data on the impingement
are presented for the specific case of two-dimensional, supersonic
jet flow. These experimental data are significant first because of
their unique dependence on the effects of compressibility and
secondly due to the fact that these data may be used to test
future mathematical models related to impingement. Previously
the testing of such compressible models relied on the use of
oversimplified incompressible experimental data.

Description of the Experiment

The supersonic flow for use in the investigation was produced
by a continuous flow, fully expanded nozzle designed for a Mach
number of 1.9 (experimentally delivering M = 1.89). The exit
dimensions of the nozzle are 1 x 0.464 in. while the throat is
1 x 0.3 in. For the experimental investigation, the stagnation
temperature was maintained at 75°F, and the stagnation pressure
was set at 95.3 psia. This resulted in a nozzle exit Reynolds
number of 822,000 where the Reynolds number was based on the
significant nozzle dimension of 0.464 in.

The insert in Fig. 1 presents a schematic of the flowfield and
associated apparatus used in this investigation. The normal
surface was designed such that it could be traversed from the
nozzle exit to 15 in. downstream of the nozzle exit. Regions of
flow development (I), developed flow (II), and stand-off (III) are
shown in the insert in Fig. 1 to illustrate their basic distinction.
For normal surface positions very close to the nozzle the
developed flow region does not exist. Some very significant
data resulting from such close nozzle-to-normal-surface positions
are presented.
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