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Observations on the Drag of Conical Bodies
at Transonic Speeds

R.F. Starr* and M. O. Varnert
ARO, Inc., Arnold Air Force Station, Tenn.

A study of the drag variation of conical bodies at transonic speeds in 2 wind tunnel and aeroballistic range has
yielded some insight into wall interference phenomena and sting effects. The drag reduction of these conical
bodies, caused by wall interference near Mach 1, is similar to those severe trends previously observed on longer
slender bodies of revolution. However, a transonic test section wall which can be reduced in porosity near Mach
1 (variable porosity with Mach number) appears to measurably reduce the wall interference problem.

The influence of a sting on the base drag of these bodies has been demonstrated to be important, about 5 to
10%, and a sophisticated mathematical model of the transonic base flowfield has been developed. This model
treats the base drag for various forebody cone angles and is valid for stings up to one half the body diameter in

size. .
Nomenclature
A =body cross-sectional area
Ag = body base area
Aps =flow area defined by intersection of dividing
streamline and oblique shock (see Fig. 8)
a =constant as defined in Eq. (4)
e =freestream speed of sound
Cp =local drag coefficient
Cpsy =base drag coefficient
Cpp =forebody drag coefficient
Cp, =drag coefficient at zero angle of attack
C, = pressure coefficient

= Crocco number as defined in Ref. 11 based on
free-streamline Mach number
dB, dn, ds =base, nose, and sting diameter, respectively

Gpg =base bleed flow rate as defined in Eq. (10)

H = bleed number equal to Gg/ (00,4 ps)

1, =integral function as defined in Ref. 11 where
I=I1,(Cym)

Kps =base backflow coefficient

k, = constant as defined in Eq. (5)

M, =local free streamline Mach number

M., =freestream Mach number

R =free streamline radius as function of x

Re = Reynolds number

Rep = Reynolds number based on base diameter

ry = base radius

I'pg =radius of dividing streamline at oblique shock

re = sting radius

ry, =shock radius as depicted in Fig. 6

t =time

ur =local free streamline velocity

X =tangent reference coordinate relative to the

free streamline as defined in Eq. (9)
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X =longitudinal coordinate or intrinsic coordinate
as defined in Eq. (9)

X =longitudinal shock position as depicted in Fig.
6

Y =normal reference coordinate relative to the

free streamline as defined in Eq. (9)
=intrinsic coordinate as given in Eq. (9)
-=shock angle relative to the free streamline
= specific heat ratio
B =shoulder cone angle
=local slope of free streamline, a function of x
¢ps =slope of dividing streamline at shock in-
tersection (see Fig. 8)
Eon =slope of free streamline at shock intersection
(see Fig. 7)
Ui =similarity variable for mixing layer as defined
in Eq. (8)
7, =similarity variable defining zero base bleed
) flow rate
Nin =displacement of the intrinsic system with
respect to the reference system as given in Eq.
©
= similarity variable defining a base bleed flow
rate of G,
=variable of integration
= freestream density
= local density on the free streamline
= jet spread parameter as defined in Ref. 10
=velocity potential of the mixing layer as
defined in Eq. (8)
= perturbation velocity potential
=a function as defined in Eq. (6) .
=Cpg—{?
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Introduction

HE magnitude and variation of aerodynamic coefficients

measured on models in transonic wind tunnels near Mach
1 have come under increased scrutiny in the past few years.
Wall-interference-dominated problems have been demon-
strated on two-dimensional airfoils and three-dimensional
wings for cases of supercritical flow and on bodies of
revolution near the drag divergence Mach number. The
magnitude of the wall interference on the measured
aerodynamic parameters can be significant. Mislocation of
the shock terminating the supercritical flow region on an air-
foil by as much as 10-20% of the chord and a complete
alteration of the attached-separated flow picture over the
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Fig. 1 Drag variation on slender bodies of revolution near Mach 1
for several blockage ratios (fixed-open-area, slotted-wali).

trailing edge of the airfoil are not uncommon. > In addition,
the measured drag at Mach 1 may be reduced to nearly one-
half its true value by a very modest solid blockage for slender
bodies of revolution. ?

The influence of solid blockage on the drag of a slender
body, as measured in a fixed-open-area, slotted-wall wind
tunnel, is given in Fig. 1.3 It can be seen that even the very
modest blockage ratios of the referenced experiments have a
pronounced effect on the drag variation near Mach 1. A
““drag creep Mach number,”’ which is noted in Fig. 1 for the
largest blockage case, and a ‘‘drag divergence Mach num-
ber,”’ which is also noted in Fig. 1 for one blockage condition,
are parameters used by Couch? to quantify wall interference
phenomena. A ‘‘drag rise Mach number,”’ defined as the in-
tersection of the maximum slope tangent to the drag curve
with the subsonic drag value, and simply the absolute drag at
Mach 1 are also useful parameters for assessing blockage ef-
fects (see Fig. 1). Data obtained on 12-1/2 deg semiangle
cones* also demonstrate a strong effect of blockage on the
drag néar Mach 1. '

The primary purpose of the study described in this paper is
to examine the effects of model support and wall interference
on the drag of a conical body in the transonic speed range.
This involves an assessment of the drag divergence Mach
number, drag rise approaching Mach 1, and drag peak bet-
ween Mach 1 and 1.1.under the condition of negligible wall in-
terference and in the absence of sting effects. Experiments
have been conducted in the 10 ft diam AEDC Hyperballistic
Range (G) and in the AEDC 4 ft transonic Aerodynamic Wind
Tunnel (4T). Since the base drag has a dominant influence on
the transonic drag variation for a slender, blunt-based body, a
" theoretical analysis of the base flowfield has also been com-
pleted. The purposes of the analysis are to 1) provide a
mathematical model for the transonic base flow problem, 2)
define analytically the effects of the presence of a sting on
base drag in the transonic speed range for axisymmetric
bodies, and 3) allow for the quantitative separation of
blockage and sting effects in base drag obtained from existing
transonic wind tunnels. The present base drag analysis differs
significantly from previous methods in that the present
analysis incorporates 1) a base bleed flow from the wake into
the dead-air region behind the body which is not included in
other models, and 2) a simple, inviscid, free-streamline
solution valid in the transonic region. Refined base drag data
which will be presented, supplemented by detailed
photographs of the wake flow region, give confirmation to
the validity of the present base drag model.

As a result of this combined experimental and theoretical
study, some observations on the relative blockage effects in
solid wall, fixed-open-area-wall, and variable-open-area-wall
transonic tunnels can be made. Also the influence of a sting
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Fig. 2 Drag variation at transonic speeds for a family of cones.

on the drag at transonic speeds will be quantified for these
conical bodies. '

Models and Test Conditions

The models tested in this study were spherically blunted
cones of 6, 10, and 14 deg half-angles. The models tested in
the wind tunnel had open bases, that is, the conical skirt was
not closed at the base, and the sting was attached near the
nose of the body. The base diameter of these models was 4 in.,
corresponding to a 0.0055 tunnel solid blockage ratio. The
models used in the range tests were primarily closed base;
however, two shots were made with open-base models. The
range models were 1.9, 3, and 6 in. in diameter, resulting in
solid blockage ratios of 0.00025, 0.000625, and 0.0025,
respectively. The various configurations will be identified in
the following manner:

XX, X

L—— Nose bluntness dn/dB

Cone semiangle, 6, 10, or 14 deg

Flights were made in Range G from Mach 0.5 to 1.5 with
primary emphasis on the drag rise region between Mach 0.90
and 1.1. All range flights were made at atmospheric pressure
(Re/ft=5 to 8 x10°% for 0.8 <M, < 1.2) with the correspon-
ding base diameter Reynolds number, Rep, varying between
the limits of 0.8 x 10% and 4 x 10°. Visual studies of schlieren
photographs taken during the range tests indicated fully
developed turbulent flow at the cone shoulder for all models
and conditions tested. The weight of the models was selected
such that the model decelerated about 10-15% in Mach num-
ber during each flight. Thus nearly continuous drag data were
obtained over a 0.1 to 0.15 Mach increment on each flight,
and the launch velocities were tailored to obtain overlapping
data over several flights. '

The wind tunnel data were obtained at discrete Mach num-
bers of 0.6, 0.8, 0.9, 1.0, 1.1, and 1.3 and primarily at an Re-
/ft of 2.5%10°. The sting diameter was about 0.35 of the
model base diameter and of constant diameter for more than
three base diameters downstream. Variation of Re, from 0.83
to 1.75x10°% revealed no Reynolds number effect on the
axial-force or wind tunnel base drag coefficient. In addition,
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Fig. 3 Effect of model solid blockage in the range on transonic drag
characteristics.

the overlapping of Re, for the range and wind tunnel tests
substantiates the observation that the flow over the cone
shoulder was essentially fully developed and turbulent for all
conditions compared.

Standard techniques were used to reduce the range and
wind tunnel data. Precision of the drag coefficient data for
the range test was +=1.5% and for the wind tunnel varied
from +0.4% at Mach numbers below 1.1 to = 1.0% at Mach
1.3.

Experimental Results
Drag Data

The variation of the drag coefficient with Mach number at
transonic speeds is given in Fig. 2 for the 6.3, 10.3, and 14.3
cones. The aeroballistics range data are shown by curves
which represent the mean of the experimental results. The
range data were obtained at a model base area to range cross-
sectional area ratio of 0.0625%. In the range, the definition of
solid blockage as defined for wind tunnels is not strictly valid.
For comparative purposes, however, the flow distortion effect
on the model in the wind tunnel and in the range are assumed
equivalent for equal values of wind tunnel solid blockage and
the ratio of model base area to range cross-sectional area
(range blockage). Although the data obtained on the 6 and 14
deg configurations are limited, sufficient 10 deg data were ob-
tained to establish a drag creep Mach number at about 0.78
and a drag divergence Mach number at about 0.95. Data from
the 4 ft transonic facility are also given in Fig. 2 for specific
Mach numbers. The solid blockage in the wind tunnel was
0.55%. No measurable differences were detected in the range
measurements of drag for open- and closed-base con-
figurations between Mach 1.0 and 1.3. Hence, the differences
between the range and wind tunnel data, which are generally
about 2-10% in drag coefficient, can be attributed to wall in-
terference effects coupled with sting effects, assuming that the
effects attributable to slight Re/ft and Re, mismatches are
negligible. Generally speaking, the data differences below
about Mach 0.9 and above Mach 1.1 can be attributed largely
to sting effects, whereas the data differences between those
Mach number limits are most probably attributable to wall in-
terference, partially offset by sting effects. These two
discrepancies will be quantified in the following sections.

Wall Interference

Three 10.3 cones. of different sizes were tested in the
aeroballistics range to confirm wall interference trends at
transonic speeds. The result of the wall interference in-
vestigation is given in Fig. 3. As the model size is increased,
the drag creep occurs earlier, as evidenced by the data at Mach
0.9, and the drag rise is delayed, as evidenced by the data at
Mach 1.0. The drag above about Mach 1.06 is largely unaf-
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fected by range blockage variations up to 0.25%. The range,
of course, has a solid wall. These trends observed on relatively
short conical bodies are in excellent agreement with the results
for a much longer slender body given in Ref. 3, as can be seen
by referring to Fig. 1. These trends with model.size are
displayed in Fig. 4 in a slightly different fashion. Note that
below about Mach 0.96 and above Mach 1.04 the influence of
model size is reduced when compared to its effect between

~ these two limits. Since the model flowfield was fully turbulent

for all model sizes and Mach numbers tested, the effect of-
Rep, mismatch on the trends of Cp, associated with model size
(range blockage) was assumed negligible.

The interesting point is that when the drag at Mach 1.0 is
viewed as a percentage change from a free-flight value, these
data and the results of Ref. 3 collapse to an almost identical
curve, as shown in Fig. 5. The bands shown on the present
results represent the uncertainty in extrapolation to free flight
(see Fig. 4). As the model size is increased, the percentage
reduction in the total drag at Mach 1.0 can be as high as 30-
40% for both categories of bodies. One additional ob-
servation is that the fixed-open-area wall does not really
alleviate wall interference phenomena right at Mach 1.0 any
better than the solid wall.> Most of the recent results utilizing
a variable-porosity wall demonstrate that the porosity
required to minimize wall interference at Mach 1.0 is
significantly different from that required at the subsonic or
the higher supersonic speeds (1.1 to 1.3).° Hence the fact that
a wall whose open area is fixed for good flow at subsonic
speeds does not alleviate interference at near Mach 1.0 is not
surprising.

The present results from the variable-porosity Tunnel 4T
are also given in Fig. 5. In spite of the comparatively high
blockage, these drag data are not nearly as affected at Mach
1.0 as the fixed-open-area or solid-wall results. The porosity
utilized during this test at Mach 1.0 (1.5%) was established
from the results of testing a . cone-cylinder model and
minimizing the average of the pressure disturbances reflected
from the wall.® It is possible that a slight additional ad-
justment in porosity, beyond the sensitivity of the cone-
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Fig. 6 Typical base flow region for a cone-sting configuration’

showing parameters of importance.

cylinder technique, could further improve attenuation of wall
interference effects at Mach 1.0 and further improve the drag
even at this higher blockage. Some recent data on a small
winged body? indicate that no distinguishable wall in-
terference phenomena could be detected in the variable-
porosity tunnel for solid blockage of 0.25% at M, =1.0. This
observation is in good qualitative agreement with Fig. 5 and
indicates that the variable-porosity tunnel might be good for
model blockages of 10-20 times the fixed-wall tunnels or solid-
wall range at Mach 1.0.

If one wishes to utilize the data given in Fig. 2 in the ab-
solute sense, it should be emphasized that, based on Fig. 4, the
drag at Mach 1.0 is probably about 15% too low, with the
error decreasing to near zero at Mach 0.96 and 1.02.

Mathematical Base Drag Model

The calculation of base drag for both two-dimensional and
axisymmetric bodies has received continued study over the
past twenty years. A review of base drag estimation
techniques through 1965 is given in Ref. 6.

Since the base drag contribution of a blunt-based conical

body may be a significant portion of the total drag, the need -

for a model describing the flow process in the base region of
axisymmetric bodies at transonic speeds is evident. Thus, an
analysis is presented that predicts the effects of the sting, base
cone angle, and freestream Mach number on base drag.
Figure 6 displays the interacting parameters to be employed in
the base pressure model. The inviscid analysis which defines
the free-streamline solution and the compressive wave struc-
ture region is based on the axisymmetric transonic per-
turbation theory of Tani’ as extended by Aoyama.® The two-
dimensional theory of Korst® is used to define the mixing-
layer region. A closure criterion is proposed that allows for a
base backflow (see Fig. 6) and includes the effects of the sting
on the resulting base pressure.

Consider the coordinate system, body, and flow geometry
as shown in Fig. 7. From Aoyama,? the free-streamline shape
in transonic flow is governed by Eq. (1), where ¢ is the per-
turbation velocity potential, M, is the freestream Mach num-
ber, and R is the free-streamline radius as a function of x.

R 2. 2 o fds M-l |3
- 5%73 (7+”M°°[dx+(1+y)ng M

The pressure coefficient C, along the free streamline is given
by

Cp=— 3—2—(%)2 @

Equation (1) is strictly valid only as R approaches rg, the base
radius.” However, good agreement between theory and ex-
periment for boattail afterbodies® suggests that Eq. (1) may
be used for values of R somewhat different from rpg.
Assuming that the pressure coefficient in the dead-air region
is constant and equal to —Cpg, where Cpy is the base drag
~ coefficient, Eqs. (1) and (2) may be combined to form the
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governing equation for the free-streamline shape, Eq. (3), as a
function of Cpg.

j—i{]—ai'[ko-l'csm —%i]%}=§(§'2—c1)3) 3

Here, ¢ is the free-streamline slope where {=dR/dx, and «
and k, are constants given by

a=N(1+y)MZ? @
_ M-I 5
°T (I+y)ML ©)

Equation (3) is directly integrable, leading to an implicit
relationship for {(x).

$+Chp ]
|

X+ constant= — ln[
2Cpp L 1i—Cpp

Sa .- JSak
=75 (Zkoto) /’———@”w(r; Cps.Me,) (6
where
[ .
1 ln[(2k0+w)l _wko]’MmM
V2k, L(2kp+w) % +2k,
'l/(g‘;CDB: Mcnt’y) =4 _2/(""1/Z ’M°°=1

2 tan‘14{————(2k0+w) M <1
: —2k0 —Zko

.

and w= Cpp—{¢°. The constant of integration is evaluated at
x=0, where it is assumed that the flow at the cone shoulder is
sonic. ® Thus -

2/3 2/3 2 C
| [oo-s@] "+ 552 =22 )

3
[ZMOO\/I +y

where 85 is the shoulder cone angle (see Fig. 7). For cases
where the flow at-the cone shoulder is greater than Mach 1,
Eq. (7) is replaced by a Prandtl-Meyer expansion. Equation
(6) coupled with the boundary condition, Eq. (7), gives the
free-streamline shape as a function of x for
aknown value of Cpp.

Employing the exact shock relations, an oblique shock is
assumed to turn the free-streamline flow back parallel with
the main stream flow and return the local pressure to
freestream conditions. Equations (6) and (7) and the oblique
shock relations give the inviscid solution for the free-
streamline flow region behind the body as a function of the
base drag coefficient leading to an infinite number of possible
solutions. ]

In order to produce a unique solution for the base drag
problem, the mixing-layer theory of Korst® will be applied to
the inviscid problem. For simplicity, it is assumed that the ef-



NOVEMBER 1976

\ Inviscid Free Streamline

Fig.8 Coordinate system and flow geometry of mixing region.

fects of Reynolds number and boundary-layer character at the
cone shoulder are small and, thus, are neglected. Since the
mixing layer is thin relative to the free-streamline geometry,
the two-dimensional mixing theory is applied locally to the
axisymmetric base flow region. From Korst,® the velocity
ratio ® for fully developed isoenergetic turbulent jet mixing is

b=1/2(1+erf ) ®)
where
¢=u/u§~
2 ¢
B N
erf n= 7 Soe dv
and

n=0y/x

Here, u, is the free-streamline velocity, u is the x-component
of velocity in the mixing region, and o=0 (M) is the jet
spread parameter assuming a fully developed turbulent
mixing layer. '° The intrinsic coordinates x and y are displayed
from the reference system (X, Y) measured with respect to the
free streamline such that

Y=y—1"_ x=x ©)
y

~where 73, is a known function of M,. Figure 8 indicates the
flow and geometric parameters for the mixing region. The
dividing streamline is defined as the limiting streamline
capable of isentropic recompression to the freestream
pressure p.,. All flow in the mixing layer below this streamline
is diverted into the dead-air region. Employing continuity, it
may be shown that the base bleed flow rate Gz necessary to
balance the fluid entrained across the dividing streamline is
given by

= ) — R L A TS
Gg= IJ(Cp"Is) 11(C§x’7,) o (1 C;)ADS (10)

Here C, is the Crocco number !! based on the free-streamline
Mach number M, p; is the local density, and A4 ps is the sur-
face area of the dividing streamline from x =0 to the oblique
shock. The functions I;(Cyn) and n;=1n;(®;(C;)) are
known and given in Ref. 11.

Thus, the analysis of the mixing region yields a relationship
between the base drag coefficient and the base bleed flow rate.
A solvable set of equations leading to a unique base drag coef-
ficient for a given set of geometric and flow constraints
requires, in addition to the results of the mixing layer and in-
viscid analysis, a closure criterion. The closure criterion is
based on the conservation of momentum of the base bleed

_ flow. Assuming a uniform base bleed flow rate acting over the
area w(ris—r%), where rpg is the radius to the dividing
streamline at the shock and rg is the sting radius where rg<
rps, Eq. (11) may be formulated

1 H Aps/Ag ]2 o:e\?
e L [HAzAs T2y
PP KpsL Mo (rhs—r3) o {an
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Fig. 10 Theoretical base drag coefficient for a 10 deg cone as a func-
tion of Mach number and sting to base diameter ratio.

with the bleed number H equal to G/ (p; @A ps) and a,, the
freestream speed of sound. The coefficient Ky is the fraction
of energy the base bleed flow recovers in accelerating through
the difference in base and freestream pressures and Ay is the
cone base area. In general, K is a function of the influence

.of the recompression region and the mixing layer on the

ability of the base bleed to enter the dead-air region. Since,
for the applications considered here, the effect of the mixing
layer on the bleed flow will be approximately constant at the
location of the oblique shock, it is assumed that the coef-
ficient varies only with the dividing streamline angle at the
shock location, giving K ps=Kps ({ps) (Fig. 8). '

In order to evaluate the magnitude and variation of Ky
and {pgs, the free-flight characteristics of a 10.3 cone (Fig. 3),
corrected for blockage interference, combined with
theoretical predictions of the forebody drag Cpr (both wave?
and viscous'?) were used. Figure 9 is a graph of 10.3 cone
forebody drag estimates including measured wind tunnel
data. Also included for comparison is the wave drag con-
tribution for sharp cones in the subsonic, transonic, and
supersonic flow regions using the slender body theory of
Sprieter. '* The solid curve denoting C = Was subtracted from
the values of Cp, obtained by the extrapolation of the curves
given in Fig. 4 to 0% blockage, The results gave a corrected
base drag curve as a function of the freestream Mach number
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Fig. 12 Theoretical base drag coefficient for a 6 deg cone as a func-
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M., for no sting. The base drag curve in conjunction with the
theory as given in Eqs. (1-11) was then used to evaluate the
functional form of Kpg({ps). Using the generated K5 ($ps),
the theoretical variation of the base drag coefficient for a 10
deg cone as a function of Mach number and the ratio of sting
to base diameter, ds/dB, was evaluated and is shown in Fig.
10. Also included for comparison are data from the wind tun-
nel with 0.55% blockage-and ds/dB=0.35. Considering the
influence of blockage at or very near Mach 1 (see Fig. 9), the
theoretical curve of Cpp vs M,, for ds/dB=0.35 appears to
predict the order of magnitude and generally the correct trend
of the sting correction when compared to the experimental
data. The wind tunnel data presented in Figs. 10-12 at Mach
1.3 are felt to contain an unresolved bias when examined in
lieu of available Cpp data at Mach 1.5.

Theoretical base pressure curves for cone angles of 6 and 14
deg were also established based on K ¢ evaluated from the 10

deg data. These are given in Figs. 11 and 12. Agreement here

between the theory and experiment is reasonable for Mach
numbers outside of the region where blockage effects are im-
portant. By a comparison of the theoretical curves and data
given in Figs. 10-12, the present theoretical model appears to
give reasonable estimates of the effects of sting diameter,
Mach number, and cone angle on base drag in the absence of
wall interference.

A further check on the validity of the present flow model is
afforded by the photographic data generated in the present
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aeroballistic range test. Photographic data were reduced (with
reference to Fig. 6) and the important wake geometric
parameters are given in Figs. 13 and 14. Figure 13 is a com-
parison of the axial position of the experimental recom-
pression region with the values predicted by theory. In spite of
the fact that the theory assumed the recompression region to
be an oblique shock, the model does give a reasonable
estimate of the beginning of the recompression region for the
range of cone angles and Mach numbers examined. The
theoretical and experimental shock radius is compared in Fig.
14 and also shows good agreement both in trend and
magnitude. With respect to the flow geometries considered,
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the mixing layer is relatively thin as compared to the free-
streamline radius and, thus, the experimental data taken can
be.used as a measure of the shock radius.

Referring to Figs. 10-12, for sting to base diameter ratios
on the order of 0.3 or less, cone angle and Mach number for
the range considered here have little effect on the drag coef-
ficient relative to changes in ds/dB. This result is in agreement
‘with the-standard practice of simply shifting the Cpp curve by
a constant amount to correct for sting effects across the entire
Mach range considered. Thus, for ds/dB=0.30, the theory
predicts a fractional increase in base drag of approximately
5%. As ds/dB is increased beyond 0.3, the base drag correc-
tion becomes highly nonlinear in both Mach number and cone
angle. Within the range of the geometric flow variables con-
sidered, the present analysis may be applied to bodies of ar-
bitrary forebody shape as long as the flowfield just upstream
of the trailing edge is sonic or slightly greater and is ap-
proximately conical.

The preceding analysis has considered the effects of sting
support, Mach number, and cone angle on the base drag
characteristics of conical bodies. Certain assumptions were
made in the course of the analysis. The compressive wave
structure region as depicted in Fig. 6 was replaced by an
oblique shock structure in the model. The asymmetry effects
on the mixing-layer region were neglected and the influence of
the finite boundary-layer thickness at the cone shoulder was
not considered. Muellér * and others have suggested that all
of the effects neglected here play an important role in defining
the base drag coefficient for axisymmetric bodies. Com-
parisons presented here have shown, however, that reasonable
agreement exists between the model proposed and available
experimental results for variations in freestream Mach num-
ber, cone angle, and sting to base diameter.

Summary

In summary, a study to determine the actual drag variation
on conical bodies at transonic speeds has yielded some ad-
ditional insight into wall interference phenomena and sting ef-
fects. The effect of wall interference on the drag of these short
conical bodies near Mach 1 is similar to those severe trends
observed on longer slender bodies of revolution. The per-
centage reduction in drag at Mach 1 for increasing solid
blockage is nearly identical for the two configurations.
However, a transonic test section wall which can be reduced in
porosity near Mach 1 relative to the correct setting at lower or
higher Mach numbers (variable porosity with Mach number)
appears to measurably reduce the wall interference problem.

The influence of a sting on the base drag of these bodies has
been demonstrated to be important, altering the drag by as
much as 5-10%, and a mathematical model of the base
flowfield has been developed. This theoretical model treats
the base drag of blunt-based bodies of revolution for various
forebody cone angles and is valid for stings up to one-half the
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body diameter in size. The theoretical predictions of the in-
fluence of a sting on the base drag of conical bodies at tran-
sonic speeds is in excellent agreement with the experimentally
observed trends.
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