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(22-25). All other terms in this equation are the same as
in Eq. (15) and xn is given by Eq. (19).

Performance Characteristics
The performance characteristics of the empirical Bayes

filter were investigated by Monte Carlo simulation for the
case p = r = 6. The ratio of the trace of the averaged
squared error matrix to the trace of the matrix Sn was used
as a scalar measure of performance. Thus a decreasing
performance ratio is associated with an increase in the per-
formance of the filter.

In Ref. 5 it was found that the performance of an empirical
Bayes estimator for estimating the mean of a multivariate
normal distribution depended upon a summary quantity
Z,: If Q is the covariance matrix of un, the summary quan-
tity here becomes

Zy = [Sn - (Q~l + Sn-1)-1k/[(G-1 + &-1)-1]/,- (29)

An average summary quantity Z was defined as

Z = E Zy/r (30)

For a fixed n, it was found that the performance ratio just de-
fined decreased as Z increased. Also, for a given situation,
the performance ratio was observed to decrease mono-
tonically with n until around n = 2 5 after which the per-
formance ratio was essentially flat. These results agree with
those of Ref. 5. It was also observed that the performance
of this filter was fairly stable when components of u were
generated from different shaped distributions except for a
U-shaped distribution for which it was considerably better.
This discrepancy is explained in Ref. 5.

Conclusions

An empirical Bayes filter has been developed for esti-
mating the; state of a discrete time linear system with linear
observations. Some distributional assumptions on the state
disturbance error as well as some distributional assumptions
on the initial state vector have been relaxed. Knowledge of
the forms of these distributions is not required for use of the
filter. It is required that the state disturbance error be
uncorrelated over time and be independent of the observa-
tion erroj; and that the state error .distribution remain sta-
tionary over time.

The performance of the filter has been examined by means
of Monte Carlo simulation. It has been found that the
performance of the filter does not depend significantly on
the form of the state disturbance error distribution used in
the simulation.

It has also been observed that the performance of the
empirical Bayes filter depends on the relative magnitude of
the observation error and state disturbance error covariance
matrices, all other parameters being held fixed. An index
has been presented which summarizes this relative magnitude,
and the performance of the filter has been found to increase as
this index increases.
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Separation of a Supersonic
Accelerated Flow over Notches

A. F. CHARWAT*
University of California, Los Angeles, Calif.

^EPARATED cavities in notches and grooves in the
^ boundary of a uniform supersonic flow have been de-
scribed extensively; the present Note discusses the effect of a
negative pressure gradient (i.e., freestream acceleration) on
the flow over such notches. Such situations occur in nozzle
flows, near the nose of blunt hypersonic vehicles, etc.

Experiments were conducted in a wind tunnel fitted with
nozzle blocks which generated a linear negative pressure
gradient over the test section. Reference 1 gives detailed
pressure distributions over the floor of the cavity and impact-
pressure profiles through t}ie shear layer. The equipment is
described in Ref. 1 (also Ref. 2, which reports on similar
studies of down-stream-facing steps).

Rectangular notches 0.5 and 1 in. deep with variable lengths
were tested. The Mach number immediately ahead of
separation was 1.81. The pressure gradient (and therefore
the Mach number gradient) h; the undisturbed stream over the
region of the notch is characterized by a scale length

X = - [(Pt/P,)d(P/P^/dx}-\ (1)

where PO is the static pressure immediately upstream of
separation. The values of A"1 used in these experiments was
oo (uniform flow), 9.17 and 5.77 (in.). The upstream bound-
ary layer was fully turbulent and the ratio of its thickness
relative to the notch depth varied between 0.2 and 0.4.

Fig. 1 Variation of the cavity pressure ratio in accelerated
flow.
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When the pressures on the floor, of the cavity are related to
the pressure in the separation corner (Fig. . 1), the distribu-
tions of the ratio are found to vary with cavity de^th to length
ratio as in uniform flow. However, the mean pressure level
in the cavity depends on the degree of acceleration of the
freestream and can be substantially lower than in uniform
flow: The data are shown ori Fig. 1. Figure 2 shows a
schlieren picture of the shear layer over the notch. Indeed,
the shear layer dips into the cavity upon separation with an
attendant expansion. < ' " , ,

If we assume that the perturbation of the freestream be-
cause of the cavity is small and the flow is isentropic, we can
express the characteristic length X"1 in terms of the free-
stream Mach number gradient

[(7 - (2)

where M 0 is to be taken as the Mach number over the bound-
ary immediately ahead of separation. The deflection of the
separation streamline into the cavity at separation is given by

de - i)1/2/Yi + My (3)

Combining, the shape of the separating streamline (origin of
coordinates at the separation corner) is found

-2//X = [(Mo2 - (4)

where (~-0s) is the sudden (Prandtl-Meyer) deflection into the
cavity at the separation corner. Imposing a "closure condi-
tion" that the separation-streamline reattaches to the down-
stream edge of the notch allows a solution for 6S and hence
for the pressure inside the cavity (identified with the pressure
in the separation corner). This is plotted on Fig. 1. The
correlation with measurements is good.

The existence of an externally imposed pressure gradient
must obviously also affect the critical length of the notch for
which the flow can no longer "jump" across it entirely.
Models -which do not take into account the interaction be-
tween the "dead" air in the cavity and the external stream
cannot deal with the closure problem. It is observed that
even in the absence of an external pressure gradient the shear
layer dips progressively further into the cavity as its length is
increased. In a turbulent, reasonably thin, upstream bound-
ary layer at intermediate supersonic Macli numbers, closure
occurs at

(L/#)cr ^11; A-1 = 0 (5)

Fig. 2 Schlieren photograph of the shear layer over a
notch: L/H = 4, X = 5.77 in., M0 = 1.8$.

Assuming that the inward deflection of the shear layer due to
this interaction and that due to the acceleration in the free-
stream are simply additive, we can estimate the critical clo-
sure length of rectangular notches from

(H\ (H\ . dfr/LW, f t n Q i^( 7 ) = V 7 J , +——^——X = 0.091 +\Li/CT \^'/cr,X~1 = 0 WA

In these experiments the ^-in.-deep cavity collapsed at
(L/X)cr = 0.72; CL/#)cr = 8.2; X'1 = 0.173 im"1. The
previous equation yields a value of (L/H)CT of 8.3. It appears
that the model is successful.
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Mechanism of Entrainment
in Turbulent Wakes

P. M. BEVILAQUA* AND P. S. LYKouDisf
Purdue University, West Lafayette, Ind.

THE existence of an abrupt limit to the region of turbulent
flow is characteristic of wakes and free shear turbulence in

general. The interface between the laminar and turbulent
regions is a continuous but highly convoluted surface which is
responsible for the intermittently turbulent output of a fixed
probe placed in the transition region. Although considerable
effort has gone into understanding the nature of the flow near
this interface, it is still not clear how the turbulence .spreads.

Townsend1 has suggested that wake growth is essentially a
surface phenomenon. In his view the basic mechanism of
wake growth is a process of small scale nibbling by the turbu-
lence at the interface. Like a flame front the wake thus ad-
vances at an essentially uniform rate over its entire surface.
In addition the turbulence gives the wake a qualitative re-
semblance to an elastic solid so that initially random surface
irregularities are unstable. Their growth leads to an increase
of the total surface area and hence an increase of the entrain-
ment rate. • ' , ''

However, it may be argued that Towtisend's scheme does
not go far enough. He used a simple model for the turbulent
wake: an elastic jelly surrounded by an inviscid freestream.
To simplify the computations it was also assumed that .there
was no mean velocity profile within the wake and consequently
no straining of the turbulence. Mobbs2 made an experi-
mental investigation of just such an unstrained free turbulent
flow. While he found that the boundary did indeed develop
deep convolutions, he also observed that there was no en-
trainment of laminar fluid by this "wake." The apparent
growth of the wake was due to the increasing amplitude of the
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