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signals can be obtained by substituting a glass test section and
placing the probe outside. Interactions between the particles and
the wall resulting in particle charging are difficult to rule out
completely even though the metal wall was grounded.1 However,
this mechanism does not appear to be consistent with the results
for the rarefaction wave since only a weak electrical signal was
observed for this wave even though the velocity developed behind
the wave is considerably greater than that behind the shock wave.
We conclude that particles are charged by collisions in the flow
behind the shock wave.

The mechanism for charging by interparticle collision may be
discussed in terms of the following heuristic model. As explained
by others,2 particles of different sizes develop velocity lags
behind the shock wave. If we use Stokes' drag law to estimate the
aerodynamic force on a particle with radius ri9 then the particle's
velocity Ut a distance X downstream of the shock is given
approximately by

t/i = t;d + (t;u-t;d)exp(-X/A) (1)
when \vu — vd\ <=: vd. The upstream and downstream gas velo-
cities are given by vu and vd, respectively, and Lf is the velocity
equilibration length given by Marble2 in the form

LI = 2pvdri
2/9^ (2)

where p is the density of particle material and \JL is the gas vis-
cosity. The maximum relative velocity between particles with
radii rx and r2 then occurs at a distance Xm downstream of the
shock. Xm may be obtained from Eq. (1)

2pV
2/2,ln(r1/r2)

~2T— V)

Estimation of R, the rate of collisions per unit volume, for a
simple single collision model yields

R = .VX^i + r2)2 \(U, - UM U2\ (4)
where Jt is the ith particle flux. Thus, to the same order of approx-
imation used above, the maximum collision rate occurs at Xm.

Collision can cause initially neutral particles to become charg-
ed as discussed by Kunkel3 and an electric field would be pro-
duced as they separate after encounter. Since the maximum
collision rate occurs downstream of the shock rather than at the
discontinuity, the electric field would increase gradually as we
have observed in these experiments. The same mechanism can
occur in the case of the rarefaction wave but because of the
decrease in particle density the resultant signals should be of a
much smaller magnitude.

Temkin4 has also examined particle collision in a comparable
experiment. A suspension of droplets was subjected to repeated
shock waves and droplet agglomeration as a result of collision
was observed. A principal mechanical effect of collisions is to
bring about momentum exchange between particles of different
sizes as pointed out by Marble.3 The importance of these works
as well as the present study is to indicate some of the possible
effects of interparticle collisions which have not been generally
included in theoretical treatments of shock structure in particle
suspensions.5
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Prediction of Nose Shape Effects on
Nonlinear Stability Characteristics of

Slender Cones
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Nomenclature
CDN = nose drag coefficient, CD» = DN/(pU2/2) (ndN

2/4)
Cm = pitching moment coefficient Cm = Mp/(pU2/2)(ndB

3/4)
dB = base diameter
dN = nose bluntness diameter
/ = sharp cone length
q = rigid body pitch rate, a = q
U — velocity
x = axial body coordinate
Ax = cone center of gravity location forward of base
Axrp = cone center of pressure location forward of base

= cone frustum half-angle
= half-angle of conical tip
= hypersonic scaling parameters for nose directing effects,

defined in Eqs. (2) and (4)
= air density
= hypersonic scaling parameters for nosee drag effects,

. defined in Eqs. (1) and (3)
= static stability derivative, C^ = dCJdu
-- dynamice stability derivative,

"CP
9C
9N
KN,KN

p

IT has been well domcumented that nose bluntness has a large
effect on slender cone vehicle dynamics.1"5 Only spherical

nose bluntness has in general been investigated. Recently it has
been shown that a change of nose shape from spherical to
conical can change the vehicle characteristics substantially.6'7
The conical nose tip geometry approximates the expected vehicle
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Fig. 1 Effect of angle of attack on the stability characteristics of a
20% blunt 5.6° cone with spherical nose bluntness.
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Fig. 2 Effect of angle of attack on center of pressure of a 30% blunt
6.3° cone with a 45° conical tip.
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Fig. 3 Effect of angle of attack on the dynamic stability derivative of
a 15% blunt 6.3° cone with a 45° conical nose tip.

nose shape after ablation under turbulent heating conditions. The
present Note extends the analysis of nose shape effects'at zero
angle of attack^ to include nonlinear effects of body attitude.

The nonlinear characteristics of spherically blunted cones have
been shown to be well predicted by the analytic theory forming
the basis for the present extension to conical nose shape effects5

(Fig. 1). The equations for conical nose tips are developed in Ref. 7.
The predictions of static and dynamic stability characteristics at
moderate angles of attack agree well with wind-tunnel test results
(Figs. 2 and 3).

When trying to utilize experimental data, one runs into one
common problem: usually more than one of the significant
parameters, i.e., cone angle, nose shape, bluntness ratio, and
center of gravity, are changed between different tests. One needs
scaling parameters that include the combined effects of several of
the basic parameters. Such scaling parameters have been
developed for the stability characteristics at zero angle of attack
for spherical6 and conical7 nose bluntness. The effect of nose
drag, i.e., the effect of an "Equivalent spherical" nose tip with

attitude-insensitive drag, is scaled by the following parameter for
arbitrary frustum cone angle

This scaling parameter collapses the nose drag effects for conical
nose tips (Fig. 4). The incremental change of the stability
derivatives caused by a change of nose shape from spherical to
conical is scaled by the following parameter

(2)
The experimental results for a 50° conical nose tip6 are well

correlated by the scaling parameter KN (Fig. 5).
It was shown in Ref. 5 that the developed scaling laws for

spherically blunted cones at a = O8 could be extended to angle of
attack by use of an effective tangent cone for the windward
side5

& = ;ft[l + (8/37c)(a/0c)] (3)
For small a (in comparison to 9N) the scaling parameter KN,

Eq. (2), could be extended similarly. That is

(«/0c)] (4)
Using these scaling parameters experimental stability data for

blunted cones at a = 0 can be used to obtain an approximate
prediction of the nonlinear variation of stability derivatives with
angle of attack. Let us assume that the data used in Fig. 4 were
obtained experimentally. The data in Fig. 5 are experimental
data, and if we had dynamic data a similar dynamic stability
plot would also be available. In order to predict highly non-
linear dynamic stability characteristics, such as those in Fig. 3,
we proceed as follows.

Compute effective scaling parameters ̂  and KN using Eqs. (1-4).
Enter Fig. 4b with %t = fa to get the effect of nondirecting
nose bluntness, and in Fig. 5 use KN = KN to get the additional
nose directing effect. This gives the nonlinear dynamic stability
characteristics normalized to sharp cone values. It should be

Fig. 4 Conical nose drag effect on stability characteristics of slender
cones.

The percentage change is 100 KN.
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Fig. 5 Universal scaling of nose-tip directing (CDNa) effects for 0N = 50°.

emphasized that Fig. 4 can be defined using available data for
spherically blunted cones. -When the nose tip angle is not
6N — 45° one has to determine the factor by which the nose-
drag-induced loads obtained from Fig. 4 should be multiplied to
give the complete loading on the frustum aft of a conical
nose tip. Multiplying by the sharp cone values and adding the
effect of nose tip lift (using modified Newtonian Theory,
Cpmax-w 1.8) would then give the sought prediction of experi-
mental nonlinear characteristics. It should be emphasized that
this whole procedure is valid only if the e.g. location in percent
of sharp cone length remains the same.

Using Eq. (3) we find that the 6.3° cone at a = 3° would
correspond to a 9° tangent cone at a = 0, which in Fig. 4b
places dN/dB = 0.15 right where the steep increase of dynamic
stability will occur if the "effective cone angle" is increased
further through increased angle of attack. This explains the steep
increase of dynamic stability for a > 3° in Fig. 3.

Effect of Polarization on the Apparent
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EVERAL recent studies showed that the effect of polarization
become appreciable for radiant heat transfer among

surfaces as a result of multiple reflections.1"3 This effect is
commonly neglected in evaluating the apparent emittance of
surface cavities.4'5 The present Note is to demonstrate the effect
of polarization on the apparent emittance of rectangular groove
cavities with specularly reflecting walls. It is also interesting to
point out here that the present result is obtained directly from
existing numerical results for long passage transmittance2

through simple consideration.
Figure 1 shows a rectangular groove cavity with specularly

reflecting walls. For convenience, consider Te>Tw and the
radiant energy flux into the cavity is thus given by

q = a(Te*-TSycl2 + a(Te
4-TSyi:13 (1)

where T{J is the transmittance between surfaces i and j. In
accordance with the general definition of apparent emittance
(or absorptance)5

s=q/a(T*-T*) (2)
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Fig. 1 Rectangular groove cavity.
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Fig. 2 Apparent emittance of rectangular groove cavities with specularly
reflecting metallic walls.

Received February 18, 1972.
Index categories: Radiation and Radiative Heat Transfer; Thermal

Surface Properties.
* Professor of Mechanical Engineering. Associate Fellow AIAA.


