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Substitution of Eqs. (6) and (7) into Eq. (5) results in
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which differs from Eq. (3.10) of Ref. 1 in the coefficient of A~2.
Finally, the lift-curve slope is found using Eqs. (1, 4, and 8) and
Eqs. (864.31) and (864.32) of Ref. 5 as
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Equation (9) differs from Eq. (3.11) of Ref. 1 in the presence of
9/2 in place of 7/2. If the series is recast as a fraction the 7 in Eq.
(3.13) of Ref. 1, Eq. (10.27) of Ref. 2, and Eq. (12) of Ref. 6 should
be replaced by 9.
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Prandtl Eddy Viscosity Model
for Coaxial Jets

HERMANN VIETS*
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Wright-Patterson Air Force Base, Ohio

ARECENT paper by Harsha1 presents a rather complete
comparison with experimental data of freejet calculations

employing eddy viscosity models. One of the conclusions is that
of all the theoretical models depending solely on the local mean
flow properties, the Prandtl2 eddy viscosity model produces the
best agreement in the far field of an incompressible axisymmetric
jet into calm surroundings. However, with the addition of a
coflowing stream, the success of the Prandtl model deteriorates
rapidly. In this case the recommended model is due to Ferri,
Libby, and Zakkay.3 For incompressible flow, Ferri's model
reduces to Prandtl's model with a larger constant. Thus its
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predictions are not really improved but rather shifted. It is the
purpose of this Note to demonstrate that the inclusion of a
simple nondimensional term in the Prandtl model can greatly
increase the success of the predictions in the far field of the
incompressible coaxial jet.

Prandtl's model of the eddy viscosity e, is
£ = k%max - Wmin) (1)

where k is an empirical constant, b is proportional to the width
of the mixing region and wmax and wmin are the maximum and
minimum values of streamwise velocity at a given streamwise
position.

The ability of the Prandtl model to predict the axis velocity
decay of coaxial jets is shown in Fig. 1. The centerline velocity u,
and the coflowing stream velocity ue, are equivalent to wmax and
wmin, respectively. The initial velocity of the jet is U, while the
velocity ratio is m ̂  ue/U. The const in the Prandtl model is
chosen as k = 0.007 in the region u > 0.99(7 and k = 0.011
downstream of that region. The half width, b, is defined as the
distance between positions on the velocity profile where the
velocity is equal to half the centerline velocity.

A reasonable curve fit of the available data1 is indicated by
the heavy line decaying at x"1 (i.e., 45° slope). It may be seen
that the agreement of the Prandtl model deteriorates as the veloc-
ity ratio m increases.

The Ferri model was formulated to account for mixing in
variable density flows. When simplified to the incompressible
case, it reduces to the Prandtl model with a higher const,
k = 0.025. The results of this model are also shown in Fig. 1.
The intersection point of the Prandtl model with the empirical
curve has moved downstream somewhat, resulting in better
agreement near that point. However, the far field decay slope
still is not matched very well.

The original development of the Prandtl model assumed that
the dimensions of the lumps of fluid which are transported across
the jet are of the same order of magnitude as the width of the
mean shear layer. That this assumption is affected by the addition
of a coflowing stream may be seen in the limit where the coflow-
ing stream velocity is equal to the jet velocity and the width of
the mean shear layer is zero. The flow is, however, still turbulent
and the lumps of fluid transported by the turbulence are of finite
size. Thus as the coflowing stream velocity increases, the size of
the fluid lumps can be substantially larger than the width of the
shear layer. Increasing the dimensions of the fluid lumps is equiv-
alent to increasing the magnitude of the effective viscosity. To
incorporate this effect into the Prandtl model, the eddy viscosity
is increased by a term inversely proportional to the local velocity
difference between the jet and freestream (17 — ue)/(u — ue).

The denominator of the preceding term is equivalent to the
("max ~ Mmin)term in tne Prandtl model, so if the Prandtl model
were simply multiplied by the coflowing stream modification,
the local velocity difference terms, (u — ue\ would cancel out
and the resulting eddy viscosity would be proportional to the
half width alone. To avoid this, the modification factor is raised
to a power characteristic of the flow situation, the ratio of the
coflowing stream velocity to the jet velocity, m.

The use of the velocity ratio as the exponent in the modification
term may be viewed as follows. The shortcoming of the Prandtl
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Fig. 1 Axial velocity decay; velocity ratio = 0.67.
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model in the coflowing stream case is its inability to match the
exponential decay rate of the jet. The experimental decay rate
exponent is dependent upon the velocity ratio, while the Prandtl
model exponent is equal to unity. The present modification
improves the model by making the exponential decay rate
dependent upon the initial velocity ratio. The resulting modified
Prandtl eddy viscosity model is

e = kb(u - ue)l(U - ue}/(u - ue)~\m (2)
Thus the Prandtl model is simply multiplied by the inverse of
the quantity usually plotted as the ordinate of the velocity decay
plots, raised to the power of the velocity ratio. In the case of the
absence of a coflowing stream, the modified Prandtl model
reduces identically to the classical Prandtl model.

The ability of the modified Prandtl model to predict the far
field decay of coaxial jet is shown in Fig. 1. The new model
successfully predicts the centerline velocity decay from approx-
imately x — 20 downstream.
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Base Pressure Distribution of a Cone
at Hypersonic Speeds

GEORGE S. PICK*
Naval Ship Research and Development Center,

Bethesda, Md.

Nomenclature

= freestream Mach number
= base pressure
= freestream static pressure
= radial distance from the centerline
= maximum base radius
= unit Reynolds number
= angle of attack

Introduction

EfTLE or no data are available on base pressure distributions
at high angles of attack in the hypersonic speed range. This

is mainly due to the complex nature of the flowfield surrounding
a three-dimensional body and the difficulties involved with
measurements in the near wake. Therefore, the basic objective
of the current work was to obtain reliable, interference-free base
pressure distribution data on a 10° half-angle sharp, flat-based
cone at high angles of attack (0 to 80°) and at hypersonic speeds
(M = 5.30, 6.34, and 9.94) with varying Reynolds number
(Re = 3.0, 6.4,11.2 x 105/ft). To this end, freeflying instrumented
models were developed and tested in a freejet hypersonic facility.
They were designed to be injected into the flowfield at predeter-
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Fig. 1 Centerline base pressure ratio as function of angle of attack
M and Re.

mined angles of attack and roll and to be released with adequate
vertical velocity to fly through the test section. The decision to
use free-flying models was based on reported data on sting inter-
ference as well as Pick's more recent investigation.1

Description of Experimental Techniques

All experiments were conducted in the NAVSHIPRANDCEN
variable Reynolds number hypersonic tunnel with a 13.5-in.
open-jet test section. The 10° half-angle cone models used in the
test program were 6 in. long and the outer shells were machined
from stainless steel. A conical brass weight and threaded slugs,
attached to the forward part of the model interior, provided for
center-of-gravity adjustment. Four differential pressure trans-
ducer telemeters were the principal instrumentation and were
located in the aft portion of the conical shell. Detailed perfor-
mance characteristics and construction of these units are des-
cribed by Harrison.2 A mercury battery pack provided the power
supply to the transducers. The transducer measuring ports were
connected to the base plate at r/R = 0, 0.24, 0.47, and 0.71.

Signals from the telemetry units were intercepted by a folded
dipole antenna that was completely outside the hypersonic
stream and connected to a signal conditioning and processing
network. The incoming data were recorded on a multichannel
oscillograph. Two high-speed motion picture cameras recorded
the motions of the model. Computer programs converted the
information from the oscillograph records and high-speed
motion pictures to base pressure ratios pB/p^ angles of attack
as functions of time. Optical lens distortions and human errors
in data reduction were internally compensated for in the com-
putations.

Prior to its injection into the hypersonic jet stream, the model
was guided by a specially constructed drop mechanism that held
it at a predetermined pitch angle. As the model was completely
submerged into the inviscid core of the jet flow, the restraining
arms opened and released the model. Within 10 msec from the
initial release, the drop mechanism moved out of the flowfield
to ensure disturbance-free conditions. The average available
flight time, during which interference-free data were obtained,


