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this reason, Eq. (22) is rewritten in the form
o=C,I"~Nen% /m% (24)

Since N=3/2 for the T=0 metal, it is to be expected that
N>0 for the completely degenerate electron plasma, i.e., its
conductivity decreases with increasing nonideality T'[Eq.
(24)]. This formula is useful for the interpretation of con-
ductivity data of completely degenerate electron plasmas,
with N as the adjustable parameter.

In a partially degenerate electron plasma, E;sE,, the
conductivity depends on the dimensional parameters e, m, n,
KT, and A. By Eq. (3),

0=C,eNimN2nN3 (KT) NeRiNs (25)
Comparison of the powers of £, M, and J in Eq. (25) gives

three independent equations, which permit to express three of
the five powers in terms of the remaining ones,

1

N,=1-2A4-2B, N2=—§—B
1 1 1
N;= 5 §A+ EB, N,=A, N;=2B (26)
Hence, the conductivity of the 7> 0 quantum plasma is
T \A/R’n"\B
a=C,,( K, ) ( " ) en”/m* Q7
e?n” me?

where A and B are powers which cannot be determined by
dimensional reasoning.

For A= —1and B= —3/2, Eq. (27) yields the conductivity
of solid metals at temperatures 7>0,

meb n"

=Co s kT

A=-1, B=-3/2 (28)

where!” C_ «Z ~*. Equation (28) expresses the 1/T law!” of
the metallic conductivity at ‘‘high temperatures.”’

Equation (27) contains the dimensionless groups v and I,
which permit rewriting the conductivity formula as

o=C,y AT ~Ben /m"* 29

Since A= —1 for T>0 metals [Eq. (28)] and B=3/2 for
T=0 metals [Eq. (23)], one can speculate that 4= —1 and
B>0 for nonideal, partially degenerate plasmas. A and B can
readily be determined by means of conductivity measurements
for nonideal quantum plasmas.

The dimensionless coefficient C, can be determined ex-
perimentally or by calculation of the momentum exchange of
the electrons from a kinetic equation for nonideal classical
and quantum plasmas, respectively. For ideal and weakly
nonideal plasmas, 0<+y<1, the coefficient C, varies very
little!2 with » and T. For proper nonideal plasmas, C, is a
true constant when many particle interactions are dominant.
For these reasons, the coefficient C_ is of secondary im-
portance concerning the dependence of the conductivity o on
the variablesnand 7. -

Conclusion

We have derived new conductivity formulas for nonideal
classical T>0 plasmas [Eq. (17) or (19)], completely
degenerate plasmas [Eqgs. (22) and (23)], and nonideal 7>0
quantum plasmas [Eqgs. (27) and (28)]. These formulas can
be used to interprete conductivity measurements on nonideal
plasmas. Once the still undetermined powers N, 4, and B are
known empirically, it should be possible to develop a con-
ductivity theory for nonideal plasmas that provides an ex-
planation of the y and I' dependence from microscopic
principles.
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Cy =aerodynamic drag coefficient based on maximum
cross-sectional area
D =body diameter, 6.081 cm
R =planform fairing radius at cylinder-cone junction
R, =freestream Reynolds number based on body

diameter
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HE worsening world oil supply situation has placed

increased emphasis upon drag reduction approaches for
all forms of transportation. While aircraft cruise drag is
‘composed primarily of skin friction and drag due to lift, the
automobile (and upswept military aircraft fuselage) drag
problem is still one of flow separation control (reduction of
form or pressure drag). Estimates in Ref. 1 indicate that a
40% reduction in automobile aerodynamic drag would result
in an increase in fuel economy the order of 16%. Typically,
automobiles (along with bullets, bombs, and some planetary
entry shapes) are low fineness ratio (order of 3) bluff bodies.
It is possible, by moving the maximum thickness far forward
and using a gradual afterbody closure, to eliminate most flow
separation and thereby obtain low drag coefficients even for
such low fineness ratios. However, this approach typically
does not provide sufficient volume for passengers, cargo, and
motive power. Therefore, ground transportation bodies are
typically truncated, rather sharply, resulting in large form
drag.

Several techniques are available for reducing such bluff
body drag in the two-dimensional case (sece Ref. 2 and
references therein). However, two-dimensional techniques are
not generally successful in the axisymmetric or fully three-
dimensional base separation case,? e.g., it has generally
proven much more difficult to reduce base drag in three-
dimensional situations. Boattailing (gradual afterbody
closure), mass addition, and base cavities are the usual
techniques quoted as applicable to three-dimensional flows.?
It should be noted that there has not yet been a systematic
application of the myriad diffuser separation control
techniques (e.g., Ref. 4) to the bluff body separation problem
(which could be looked upon in some sense as an inside-out
diffuser). The present Note describes recent bluff body drag
tests involving the use of large scale longitudinal surface
grooves.

The axisymmetric configurations employed in the present
study are indicated on Fig. 1. The high fineness ratio body
(model A) was used as an end-point check, due to the presence
of primarily attached flow in the base region. Model B was the
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Fig.1 Sketch of four test configurations.
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basic separated afterbody flow configuration while model C
consisted of only the forebody section of model B and was
tested as a crude check on the Kammback closure concept;
this- concept being that the  afterbody downstream of
separation generally does not appreciably influence the base
pressure/drag level. Model D is a grooved model for deter-
mining whether such grooves might possibly yield a base drag
reduction. No attempt was made in this study to optimize
either groove geometry or location.

The experiments were conducted in the Langley 7x 11 in.
low speed flow channel’ with the models mounted from their
side on a thin strut which was attached to a nulling, 4-point
suspension drag balance.’ These models were originally
designed for a larger facility and therefore there is a blockage
error of the order of 10% (from method of Ref. 6) in the
present results. The actual drag would be lower than the data
quoted herein. However, this correction should be the same
order for all the low fineness models tested and therefore
differences in results between the configurations should still
be meaningful. Smoke wire flow visualization data were also
obtained, as a guide to the determination of separated flow
presence and boundary-layer transition regions. Figure 2
presents typical smoke wire results while Fig. 3 summarizes
the drag coefficient data at zero yaw.

The visualization and drag data indicate that the flow on
model A is primarily attached, with transition occurring
downstream of the afterbody shoulder, i.e., in the adverse
pressure gradient region (the freestream turbulence level in

Model A

Model B

Model C

, Model D
Fig.2 Smoke wire flow visualization, R, ,, ~0.8 X 105.
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configurations.



APRIL 1981

this facility is the order of 0.2%). The results for model B
indicate separation occurring at the shoulder and attendant
higher drag levels. As expected, the drag coefficients of
models B and C are quite close. Transition seems to occur in
the separated shear layer and there is no apparent evidence of
large scale vortex shedding.

The grooved body results are quite encouraging. The drag,
for the higher Reynolds numbers, is reduced by the order of
40% and the visualization indicates the separated shear layer
closure angle has moved approximately halfway toward the
body. The model was tested with the grooves rotated 45 deg in
the azimuthal direction from their position shown in Fig. 1.
The obvious question concerning these grooved body data is
‘‘what mechanism is responsible for the drag reduction?’’ The
original intent was that the grooves should serve simply as
large scale (and continuous) longitudinal vortex generators.
Extrapolation of diffuser experience with conventional vortex
generators (which are usually contained within the boundary
layer and of limited streamwise extent) indicated that the
present 30 deg afterbody closure required a treatment con-
siderably stronger than they could provide. A possible
contributor to the present favorable results could be
disruption of the shear layer instability waves (‘‘coherent
structure”’) by groove induced azimuthal flow variations.”®
Further research is required to elucidate the physical basis for
the present results and optimize the effect.
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T has been discussed !-2 that lateral tension or compression
stresses would not affect the elastic stress intensity factors
for a central straight crack in a plate. However, if a crack (or
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cracks) comes out of a circular hole in a plate, compressive
loading parallel to the crack can cause tensile mode 1 stress
intensity factors. On the other hand, tensile stresses parallel to
the crack reduce the stress concentrations at the hole and thus
reduce the crack tip stress intensity factor. Bowie’s solutions 3
have provided stress intensity factors for a single crack (or
cracks) emanating from the edge of a circular hole, in an
infinitely wide plate, under uniaxial and the one-to-one
biaxial loading conditions. For any other biaxial load ratios
(either tension combined with tension or tension combined
with compression), stress intensity factors can be developed
by using superpositions of the uniaxial and biaxial solutions
of Bowie as illustrated in Fig. 1. Following this superposition
logic, stress intensity for any biaxial loading combinations
can be expressed as:

K=[(0,—0,)By+0,B;]Vwa )

where B, is the Bowie factor for uniaxial loading and B, is the
Bowie factor for one-to-one biaxial loading; @ is the crack
length on either side of the hole; o, is the far-field gross area
stress perpendicular to the crack (always in tension), and o, is
the far-field gross area stress parallel to the crack (either in
tension or compression). Let B=0,/0,, Eq. (1) can be written
as,

K=0,N7a[(1-B)By+B - B)] )

and the sign for B may be either (+) or(—).

If the hole is inside a finite width plate, the plate dimensions
influence the stress concentration at the edge of the hole and
thereby vary the stress intensity factor. Furthermore, finite
width dimension also increases the crack tip stress intensity as
if the hole was never there. Modifications to Eq. (2) have been
reported in the literature (see Refs. 4 and 5 for B=0). For
engineering purposes, Eq. (2) can be written as,

K=o,Nma[(I-B)By+B -B,] - F 3)

where F is a geometric factor accounting for the boundary
effect of the specimen (e.g., width).

In a previous work of the author6 the validity of using the
compounded geometric factor was examined. The cases
studied were double cracks at a hole in a specimen subjected
to remote uniaxial cyclic loading. Constant amplitude crack
growth rate data were obtained from specimens (made of
2024-T851 aluminum) that contained various hole radius to
width ratios and a wide range of crack length-to-hole radius
ratios. These data points were reduced to da/dN vs AK format
using Eq. (3), and then compared to the material baseline
da/dN curves developed from center cracked specimens of
which the K-solution was known. Good correlations had been
obtained.

In this investigation, eight cruciform specimens of the 7075-
T7351 aluminum alloy had been tested under biaxial cyclic
stresses. The geometry and dimensions of the cruciform
specimens were the same as those reported in Ref. 2 but
contained a circular hole of 6.35 mm, or 19.05 mm, in

%

;-9
[ed 0,
ax__ __0X= @+ X . *

[+
Y

— - .8

Q -

Fig.1 Evaluation of Bowie’s factor for biaxial loading.



