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SUMMARY

An investigation was conducted to study some factors affecting the
drag of relatively large nonlifting bodies of revolution at transonic
speeds in the Langley 8-foot transonic tunnel. Drag and surface pres-

sure measurements were made for two geometrically similar bodies of revo-

lution of 8-inch and 4-inch maximum diameter at zero angle of attack
through a Mach number range of approximately 0.6 to 1.1. Tunnel-wall
Mach number distributions and schlieren photographs also were obtained.
In one of the tests, cruciform delta tail fins were added to the larger

body.

Analysis of the tests confirmed a result of a prior investigation

which had indicated that no significant tunnel-boundary interference
should occur at subsonic Mach numbers. A disagreement between the

character of the observed subsonic drag rise and that usually observed
for fin-stabilized bodies in free flight was shown to be the result of
fin interference. Large effects of boundary-reflected disturbances on
the drag were found at some supersonic Mach numbers. At the highest
test Mach number, however, the boundary interference was such that the
drag coefficient of the larger body was approximately equal to that of
the smaller body, which was essentially free of tunnel interference at
this Mach number. The forebody was nearly free of tunnel interference
at the highest test Mach number for the larger body and at Mach numbers
greater than about 1.05 for the smaller body.

INTRODUCTION

As a result of the installation of a slotted test section in the
Langley 8-foot transonic tunnel (ref. 1), subsonic choking has been
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eliminated, and it has become possible to utilize larger models than

was formerly feasible. The use of these larger models was considered
particularly advantageous for an extensive air-inlet program which had
been planned for the Langley 8-foot transonic tunnel, since, in addition
to improving the value of the test Reynolds number, the use of larger
models expedites the study of the detailed phenomena of ducted-body
performance.

Although the investigation reported in reference 2 had indicated
no important subsonic interference for a relatively large body in a
slotted test section, reference 3 indicated the possibility of appreci-
able tunnel interference on the drag at supersonic speeds below the Mach
number at which the boundary-reflected bow shock clears the model base.
It was therefore decided to investigate the effects of this interference
in the Langley 8-foot transonic tunnel on the drag of a body of the size
of the largest proposed air-inlet body. The body selected was 66 inches
long, 8 inches in diameter, and was similar in shape to some of the inlet
bodies. Another body which was a half-scale duplicate of the 8-inch
body was also used in the investigation in order to observe the effects
of the boundary-reflected disturbances at different positions on the
body and in order to obtain interference-free data at the highest test
Mach number where the boundary-reflected bow shock would clear the model
base. It is the purpose of this paper to present the results of this
investigation.

During the course of the tests, it was noted that the subsonic drag
rise was significantly different from that usually observed in free-flight
investigations (for example, ref. 4). It was uncertain whether this dif-
ference was caused by subsonic wind-tunnel interference effects not pre-
viously observed or by the presence of the stabilizing fins in the free-
flight tests. The cause of the difference was therefore investigated by
enlarging the wind-tunnel test program to include a configuration com-
prised of the larger body with cruciform tail fins. The resulting fin-
body combination was similar to that for which free-flight data were
available in reference .4,

Drag measurements, surface pressure distributions, wind-tunnel wall-
pressure distributions, and schlieren photographs were obtained for a
Mach number range extending from about 0.6 to 1.1. The investigation was
limited to the case for zero angle of attack.

SYMBOLS
ngn
B base area, A
Cp drag coefficient, fdeag




NACA RM L52H22 3

CDy

CDe

cr

base drag coefficient, -PB %

(&}

PpB
balance indication less base drag coefficient, —EE i —%—
(o

Q

calculated skin-friction drag coefficient

pressure drag coefficient, k/;d(r/R)2

diameter
body maximum diameter
fuselage maximum cross-sectional area

axial force indicated by strain-gage balance

total pressure
model length
Mach number

local static pressure

p—po

pressure coefficient,
q

O

critical pressure coefficient corresponding to local speed of
sound

dynamic pressure, 2%3
radius

body maximum radius
velocity

axial distance

model angle of attack

air density
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Subscripts:
o) free stream
B model base

APPARATUS AND TESTS

Tunnel.- The test section of the Langley 8-foot transonic tunnel

utilized in this investigation was the i-—open slotted test section whose

geometry and aerodynamic properties are described in references 1 and 3.
Condensation effects in the test section were avoided by maintaining the
stagnation temperature sufficiently high by regulation of the quantity
of cooling air exchanged.

Figure 1 is a drawing of the model support system used in this inves-
tigation. The models were sting-mounted on a steel tube suspended coaxi-
ally in the tunnel.

Models.- The coordinates of the two models investigated were derived
from those of the body of revolution used in an NACA transonic research
program (ref. 5). The forebody of the larger model was designed to have
a maximum diameter of 8 inches and a length of four times the maximum
diameter. A 2-inch-long cylindrical section connected the forebody to
the afterbody. The over-all afterbody length was fixed at seven times
the maximum diameter. The rearmost portion of the afterbody was then
cut off at a length of approximately 4 diameters. Dimensional coordi-
nates of the two models are given in table I, and important measured
over-all dimensions are shown in figure 2.

The external shape of the 4-inch model was designed as a %-—scale

model of the 8-inch body. Figure 3 shows the extent to which the 4-inch
model simulated the 8-inch model in the region of the model base. A
special sting was not manufactured for the L-inch body. A sting and
balance which were used in another investigation were utilized since the
proportions of this sting were considered sufficiently close to one-half
scale,

Figure U4(a) shows the 8-inch model with tail fins as mounted in the
tunnel test section; figure 4(b) shows the L4-inch model and sting and the
forebody of the 8-inch model.

The forebody of the 8-inch model was constructed of laminations of
Fiberglas cloth covered and impregnated with Paraplex plastic. This
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method of construction resulted in a very smooth surface. The afterbody

was constructed of %g— inch spun aluminum with all joints and screw holes

filled and smoothed to a fair condition. The cylindrical midsection was

constructed from %-—inch steel stock. The entire U-inch body, like the

8-inch forebody, was constructed of laminations of Fiberglas cloth and
Paraplex plastic.

Inaccuracies of construction resulted in deviations of the model
contours from the design contour. After the tests, the ordinates of the
8-inch forebody and the entire L-inch model were measured and compared
with the ordinates of a curve faired through the design ordinates. The
results of this comparison are shown in figure 5 as Ar/L (the devia-
tion of the model surface from the faired curve, expressed as a fraction
of body length) plotted against longitudinal location. The ordinates of
the 8-inch afterbody were not measured as above; local measurements indi-
cated that the surface irregularities were of the order of those measured
for the 8-inch forebody.

An alternate 8-inch model was utilized for measurements of circum-
ferential pressure distributions and for runs with transition strips.
This model was comprised of the same forebody already described, no mid-
section, and an afterbody of the design and method of construction iden-
tical Tothat of the one previously described.

Cruciform tail fins were installed on the 8-inch body for one test.
The linear dimensions of the fins used in this investigation were approxi-
mately equal to those obtained by reducing the dimension of the fins of
reference 4 by the ratio of the body maximum diameters. Over-all measured
dimensions of the fins are given in figure 2.

Test runs were made with transition strips located on the 4- and the
8-inch models as shown in figure 2. These transition strips consisted
of No. 60 carborundum grains secured to the model surface by shellac.

The effects of the transition strip on the 8-inch body were obtained by
tests of the alternate model fitted with a faired wooden tail cone
(fig. 2) with and without the transition strip.

The force balances were of the internal strain-gage type. The design
axial load of the balance for the 8-inch model was 170 pounds; for the
L-inch model, this value was 80 pounds. For the pressure tests of the
h-inch model, the balance was removed and a steel tube substituted in
order to duct pressure leads into the sting.
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Surface pressures on the 8-inch model were measured by means of a
row of 0.03-inch-diameter orifices mounted flush with the top surface
of the model. The orifices were located longitudinally as shown in
table II. A similar row of orifices on the 4-inch model was also located
on the top surface of the model. These orifices were 0.022 inch in diam-
eter and were located as shown in table II. Four additional orifice rows
spaced at 45° intervals were used on the forebody of the alternate model.

Measuring apparatus.- Pressure measurements were indicated by two
9-foot multiple manometer boards, photographically recorded.

Force readings from the internal strain-gage balance were indicated
by a Brown potentiometer and the values manually recorded.

Angle of attack was measured by the use of a cathetometer directed
at a line on the side of the model.

Tests.- The investigations were conducted at zero angle of attack
through a Mach number range extending from M = 0.596 to M = 1.125.

The Reynolds number range of the tests extended from about 1.1 X lO6
1510y 2 AT 10° and is indicated in figure 6.

PRECISION

Mach number.- Inaccuracies in the pressure measurements caused a
maximum random error in calculating Mach number of no greater than *0.003.
In calculating the local Mach number just outside the boundary layer,
the local value of total pressure was assumed equal to the free-stream
value. The error thus introduced by neglecting shock losses is negli-
gible at the lower supersonic Mach numbers and did not exceed 0.002 at
the highest test Mach number.

As shown in reference 3, the maximum amplitude in the irregulari-
ties of the tunnel-center-line Mach number distribution (model absent)
was approximately *0.010 at the higher supersonic Mach numbers. Because
of the length of the 8-inch model, it was necessary to place the model
in the tunnel so that the nose projected into a region over which the
tunnel -empty Mach number distribution (ref. 3) indicated appreciable
gradient at the highest test Mach numbers. From the location of the
nose to the location of the maximum body diameter, the Mach number incre-
ment associated with this gradient amounted to 0.032 at My, = 1.13 and
diminished to a negligible amount at M, = 1.05. The gradient, however,
was distributed such that the larger portion occurred over the forward
raEvhiofimodel::
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Force drag coefficient.- The repeatability of the force measure-
ments indicated that the maximum error in the drag coefficient was
probably less than +0.01.

Pressure coefficient.- The maximum error in pressure coefficient
caused by inaccuracies in pressure measurement is estimated as *0.011l.

Pressure drag coefficient.- The errors in the pressure drag coef-
ficients are difficult to assess. The scatter of the data indicates a
maximum random error in some instances of about *0.025, and estimation
of the skin-friction coefficient indicated that, for one test, the abso-
lute value of the pressure drag coefficient may also be no more accurate
than #0.025. The changes in the pressure drag coefficients caused by
Mach number are believed to be indicated more reliably than the absolute
values.

Angle of attack.- The angle of attack was held within *0.1° of zero.

RESULTS AND DISCUSSION

Tunnel-wall Mach number distributions.- Mach number distributions
on a panel of the tunnel wall and on the model surface are shown in fig-
ures 7 and 8 for the 8- and 4-inch-diameter bodies, respectively. Tunnel-
wall-data points for the 8-inch finned model are shown only when they are
appreciably different from the body-alone points. In most cases, the
tunnel-empty wall distributions were available for free-stream Mach num-
bers slightly different from those for which the model-present data are
shown. These differences must therefore be kept in mind when examining
the data for the effects of the model presence. At high subsonic Mach
numbers, the high-pressure region at the nose of the model and the reduced
pressures acting over the body surface in the maximum-diameter region
were transmitted to the tunnel wall. These pressure perturbations
increased with Mach number and were substantially larger for the larger
model; the deviations due to the high-pressure region ahead of the model
nose were of significant magnitude only for the larger model (figs. 7(b)

to T(a), 8(c), and 8(d)).

At the supersonic Mach numbers, figures 7 and 8 clearly show the
extension of model-induced shocks to the tunnel wall. Reflection of the
bow shocks from the tunnel wall back to the model is prominently shown
at the two highest Mach numbers for both models. The shock configura-
tions sketched on the figures are roughly estimated from reference to
schlieren photographs (fig. 9), the tunnel-wall and model-surface Mach
number distributions, and the material concerning the location of detached
shocks which was discussed in reference 3. Those portions of the shocks
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indicated on figures 7 and 8 by solid lines were drawn from reference
to the schlieren photographs. The dotted portions of the indicated
shock waves are not to be considered as accurate representations of the
actual shock configurations.

Mach number effects on surface pressures.- Figures 10 and 11 show
a growth in the absolute values of the pressure coefficients over the
forebodies of the 8-inch and 4-inch models as the Mach number was
increased from about 0.6 to 0.95, at which point local sonic Mach num-
bers were just attained. An exception to this Mach number effect (which
effect has been analytically treated in refs. 6 and 7) is observed in
the curve for the 4-inch body for My = 0.801 (fig. 11). Although
thorough checking of the data revealed no errors, the entire level of
the curve is thought low, and this curve should be regarded with sus-
picion. As the Mach number was increased from about 0.95 to 1.05, the
pressure coefficients became more positive over much of the forebody.
Above 1.05, the forebody pressure coefficients were not greatly affected
by increase of the Mach number with the exception of the disturbances
caused by the tunnel-wall reflected bow shocks. The bow-shock reflec-
tion (figs. 7 and 8) on to the model surface occurred sufficiently far
downstream so that the forebody was nearly free of tunnel boundary inter-
ference at the highest test Mach number for the 8-inch body and, at Mach
numbers above about 1.05, for the L-inch body.

Effect of model size on pressure distribution.- Artificial constraint
of the tunnel boundary at subsonic speeds and reflection of compression
or expansion waves at supersonic speeds exert effects on a model which
is dependent on the size of the model relative to the tunnel. The pres-
ence of such effects can be demonstrated by a comparison of the pressure
distributions and force characteristics on geometrically similar models
of different size. A comparison of the pressure distributions on the
8- and L4-inch bodies is given in figure 12.

The pressure distributions of figure 12 show a prominent tendency
toward peaks at the same relative locations on both models (x/L values
of about 0.3 and 0.45). The reason for this tendency is not explained
by the contour measurements shown in figure 5, and visual inspection of
the model failed to disclose any obvious causes of these peaks. There
did seem to be a shallow ridge on the 8-inch body near the location of
the front peak, and at the same relative location on the k4-inch body,

a bump due to a slight separation of the Fiberglas laminae Jjust off to
the side of the orifice row. It does not seem likely that the, tendency
toward the formation of these bumps is inherent in the model design
coordinates, since examination of these coordinates greatly expanded in
the radial direction revealed no waves or flat spots.

At each of the subsonic Mach numbers, there are no significant
differences in the shape of the curves for the two bodies. Although the
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able raggedness of the curves, a generally lower level of pressures
appears to have been acting over the surface of the 8~inch body at

Mo & 0.6. At Mg =™ 0.95, the forebody pressure distributions were
closely alike, but the level of the pressure acting over the afterbody
was again lower for the 8-inch model. There seem to be no important
differences in the distributions of the two models for the Mach numbers
i off abeub; 0.95 and 1.0.

} model surface irregularities may have been responsible for the consider-

ject to the effects of tunnel-boundary-reflected compression and expan-
‘ sion waves. The nature of such reflections in a slotted test section
is complex. Compression and expansion waves are reflected from the solid
‘ portions of the tunnel boundary as waves of the same kind. From the
slots, however, the compressions are reflected as expansions, and the
‘ expansions, as compressions. The incidence of boundary-reflected com-

J At supersonic Mach numbers, the flow about the model becomes sub-
\

pression waves on to the model surface is more easily observed than that
of expansion waves because of the sharply localized nature of the com-
pression disturbance. At the two highest test Mach numbers, the effects
( of the reflected bow shock are shown clearly on figure 12(c) as a strong
local compression. This type of reflection appears to behave, qualita-
tively at least, as a reflection of the same type of shock incident on
‘ a solid boundary (figs. T and 8).

‘ The prominent zone of higher pressure acting over the afterbody of

‘ the 8-inch model at Mach numbers of about 1.02 and 1.05 may possibly be

‘ associated with the region of the tunnel wall under the influence of the
expanded flow about the region of the model near the maximum diameter

} station. The tunnel-wall Mach number distributions of figures T(f) and
7(g) indicate that this region occurs at a location from which compression:

( 5 would be transmitted to the afterbody if the region of expanded flow were
reflected predominantly as a region of compression. At higher Mach num-

‘ bers for the 8~inch model and at all of the supersonic Mach numbers for
the L-inch model, the region of expanded flow acting on the tunnel wall

occurred too far downstream to transmit any such compressions to the model.

Drag measurements.- If, during the drag measurements of the two simi-

‘ lar bodies, the extensive region of favorable pressure gradient on each

‘ body permitted the development of an extensive laminar boundary layer,
differences in body Reynolds number and surface condition might have intro-

‘ duced drag changes which would tend to obscure the effects under study.
Repeat runs were therefore made with transition strips (Bigir2)l | The

‘ boundary-layer thickness at the position of the transition strips, if

J laminar there, is estimated by the method of reference 8 as 0.017 inch

\

and 0.013 inch for the 8- and L-inch bodies, respectively. Since the
average diameter of the carborundum grains (0.010 in.) is of the order of
the boundary-layer thickness, it is presumed that no laminar boundary
layer existed downstream from the transition strips.
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The effect of the transition strips on the drag was small (fig. 13).
It would seem, therefore, that the extent of laminar boundary layer on
the models was small and that differences in the location of the tran-
sition point on the two bodies could not have introduced a spurious fac-
tor into the measurements. It should be noted that the 4- and 8-inch-
model data are not comparable in figure 13 because of the presence of
the tail cone and the absence of the cylindrical midsection during the
transition strip runs of the 8-inch model (fig. 2).

Figure 14 presents the results of the drag measurements as obtained
by the balance and by integration of the pressure distributions. A com-
parison of the pressure drag is also made with the balance drag reduced
by the skin-friction drag which was estimated from the calculations of
reference 9. This comparison shows good agreement for the L4-inch body,
but it indicated a consistently high level for the pressure drag of the
8-inch body, which was obtained by an integration for the top row of
pressure orifices. The pressure drag of the alternate model appears to
be the more correct of the integrations for the two 8-inch bodies, but
it is likewise consistently high. There is a certain amount of unrelia-
bility involved in the use of a single row of pressure orifices to measure
the pressure drag, as indicated by figure 15. 1In addition to this possi-
ble source of error, the restricted number of pressure orifices and the
poor surface condition of the afterbody may possibly account for this
apparent discrepancy. For both bodies, however, the pressure drag by
itself described the effects of Mach number on the body drag.

The effect of body size on the force and pressure drag is shown in
figure 16. Throughout the subsonic Mach number range, the drag coef-
ficients CDe are considered in good agreement in view of the accuracy

of the measurement of this quantity and the difference in the friction
drag of the two models. The accuracy of the force measurements was, of
course, least at the lowest Mach number because of the low dynamic pres-
sure. The effect of Mach number in the subsonic range was limited to
the range above about 0.95, where g small, gradual rise occurred. The
similarity of this drag rise for both bodies indicates the absence of
any important subsonic boundary interference on the bodies.

At supersonic Mach numbers of asbout 1.02 and 1.05, large differences
in the drag coefficients of the two bodies occurred as a result of the
differences in the tunnel boundary effects. Although the drag coef-
ficients of the two bodies were approximately equal at M, = 12075 ;7 both
bodies were subject to strong interference from the tunnel boundary
(figs. 7(h) and 8(h)). At the highest test Mach number, the 4-inch
model was essentially free of tunnel boundary interference (fig. 8(h))
since the reflected bow shock passed downstream of the body. The agree-
ment of the drag coefficients at this Mach number (fig. 16), however,
does not mean that the 8-inch body was also free of interference.
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Actually, the bow shock of this body was reflected from the tunnel
boundary back to the model surface in the region near the body maximum
diameter (fig. T(i)). The effect of this reflection on the drag was
small because the resultant region of increased pressure occurred in a
region where the diameter was almost constant and also because it raised
the pressure both upstream and downstream of the cylindrical midsection.

Three of the components of the body drag are presented in figure 17.
Good agreement of the base drag coefficients is shown for the subsonic
Mach numbers. The forebody- and afterbody-pressure-drag curves show
that the transonic drag rise of the bodies investigated occurred almost
entirely on the forebody. It is also shown that the forebody drag on
both bodies was in fair agreement at Mach numbers up to about 1.05 in
spite of the fact that both forebodies were subject to some boundary
interference at Mach numbers from 1.0 to 1.05. At My =~ 1.05 where
this interference should be greatest, the forebody pressure drag of the
8-inch body agrees well with that of the L-inch body, the forebody of
which at this Mach number should be interference free (fig. 8(g)). Thus
it might be correct to conclude that the boundary interference acting
on the 8-inch forebody was small in this range of Mach number.

Drag measurements of fin-stabilized bodies in free flight usually
indicate a sharp drag rise at subsonic speeds, a phenomenon which was
not observed for the body shape of this investigation. Since tunnel
interference was not believed to be a factor in this disagreement, it
was presumed that the presence of the tail fins on the free-flight
bodies are responsible. Figure 18 confirms this hypothesis. In the
upper part of the figure are shown the drag curves for the 8-inch body
and for this body fitted with cruciform delta tail fins. The incre-
ment between these two curves is the drag increment caused by the fins
and their interference and is shown in the lower part of figure 18.
This increment increased substantially between a Mach number of about
0.91 and 1.0 from where it tended to diminish as the Mach number was
increased. Most of the subsonic rise of this increment must be due to
the interference of the fins since the fins and the body individually

have only small subsonic drag rises.
CONCLUDING REMARKS

The following remarks summarize the principal results of an.igvesti-
gation of some factors affecting the drag of two geometrlcglly 51m%lar
nonlifting bodies of revolution of 8- and 4-inch maximum diameter in the

slotted Langley 8-foot transonic tunnel.
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Drag and pressure measurements confirmed a result of a prior inves-
tigation which had indicated that no important tunnel boundary inter-
ference should occur on the bodies at subsonic Mach numbers.

A disagreement between the character of the observed subsonic drag
rise and that usually observed for fin-stabilized bodies in free flight
was shown to be the result of fin interference.

Large effects of tunnel-boundary reflected disturbances on the drag
were found at some supersonic Mach numbers. Although a strong compression
reflection acted on the larger body at the highest test Mach number of
approximately 1.12, the resultant interference was such that the drag
coefficient of this body was approximately equal to that &f the smaller
body, which was essentially free of tunnel interference at this Mach
number.

The forebody was nearly free of tunnel interference at the highest
test Mach number for the larger body (approx. 1.12) and, at Mach numbers
greater than about 1.05 for the smaller body. At Mach numbers above these
values and below the Mach number at which the bow shock was reflected to
the region downstream from the model base, tunnel interference on the drag
resulted from interference on the afterbody.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va.
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TABLE I

DESIGN AND MEASURED FUSELAGE COORDINATES

NACA RM L52H22

Design coordinates Measured coordinates
8-inch model 4-inch model 8-inch model 4-inch model

X g 2 X X X b +f X 5 o
0 o] 0 0 1.504 0.67L 1.468 0.559
.320 222 .160 G 2.004 .828 1.718 .628
.480 .286 .2%0 143 2.504 .970 1.968 .685
.800 RSN .koo .206 3.00k4 1.110 2.218 LThk
1.600 .693 .800 347 3.50k4 1.242 2.468 .800
2.750 1.033 1.375 51T 4. o0k 1.368 2.718 .852
3.200 15157 1.875 649 4. 504 1.490 2.968 .907
3.250 ii1n 2.4%00 .TT5 5.004 1.606 3.218 .956
3.500 1.235 3.200 946 5.504 1.718 3.468 1.009
3.750 1.298 3.750 1.053 6.00k4 1.823 3.718 1.052
L4.800 1.549 4.800 1.245 6.504 1.926 3.968 1.099
6.4%00 1.892 6.250 1.464 T7.004 2.025 4,218 1.145
7.500 2.106 6.400 1.483 T.504 P8 L. 468 1.189
7.750 2.155 8.000 1.663 8.00k4 2.215 4 .718 1.233
9.600 2.489 8.625 1.721 8.504 2.305 4.968 1.273
12.500 2.927 9.600 1.796 9.004 2.393 5.218 1.315
12.750 2.960 10.250 1.837 9.504 2.476 5.468 1353
12.800 2.966 11.200 1.888 10.004 2.560 5.718 1.389
16.000 3.326 12.250 1.930 10.504 2.64%0 5.968 1.k2k
17.000 3.419 12.800 1.951 11.004 2.716 6.218 1.457
17.250 3442 14.250 1.991 11.504 2.787 6.468 1.489
17.500 3.461 1k.400 1.99% 12.00k 2.860 6.718 1.521
17.750 3.482 15.000 2.000 12.504 2.930 6.968 1.549
19.200 3.591 16.000 2.000 13.004 2.992 7.218 1.579
20.500 3.674 L7250 2.000 13.504 3.055 7.468 1.612
20.750 3.689 20.050 1.982 14,004 3415 T7.718 1.640
22.400 3.776 22.850 1.932 14,50k 2473 T7.968 1.663
24.500 3.860 25.650 1.8k 15,004 3.230 8.218 1.687
24,750 3.870 28.450 1.710 15.50k4 3.280 8.468 1.723
25.600 3.901 31.250 1.502 16.00k 3.330 8.718 12733
28.500 3.981 33.250 1.300 16.504 3.375 8.968 1.752
28.750 3.986 17.004 3.hk22 9.218 1.770.
28.800 3.987 17.504 3.465 9.468 1.788
30.000 4,000 18.004 3.503 9.718 1.802
32.000 4,000 18.504 3.5u, 9.968 1.818
37.600 3.96k 19.00k4 3.578 9.986 1.819
43.200 3.863 19.50k 3.616 10.218 1.831
48.800 3.688 20,004 3.648 10.718 1.852
54.400 3.119 21.00k 3.702 11.218 1.884
60.000 3.003 22,004 3.754% 11.718 1.909
64.000 2.600 23.004 3.800 12.218 1.931
2k, 004 3.8 12.718 1.948
25,004 3.880 13.218 1.967
26,004 3.918 13,728 1.973
27.00k4 3.948 14.218 1.983
28,004 3.974 14.618 1.989
29.004 3.990 14.818 1.989
30.00k4 3.998 15.718 1.987
31.00k 3.998 16.718 1.978
32.00L 3.998 17.718 1.977
18.718 1.971
19.718 1.960
20.718 1.947
21.718 1.932
22.718 1.910
23.718 1.883
24.718 1.851
25.718 1837
26.718 1T
27.718 1.272
28.718 1.663
29.718 1.590
30.718 1511
31.718 1.426
32.718 1.327
33.152 1.271
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TABLE II

MEASURED ORIFICE LOCATIONS

8-inch model

4-inch model

X

1.003
2.00k4

L.ook
5.003
6.004
T.004
8.003
9.00k4
10.002
11.001
11.996
12.984
13.998
14.983
15.993
16.994
18.004
18.998
19.994
21.002
22.001
23.001
2k .00k
25.002
26.000
26.999
28.003
29.004
29.997
30.746
32.746
36.522
39.426
L2, 325
45,220
53.918
9931
65.504

.498
.815
.103
.365
.60L
=821
.017
.205
.388
2955
. 705
.850
.938
1Lkt
000
5328
420
.500
S
.639
.696
.Th6
.789
.839
.878
.913
.9L6
ek
.987
.994
<997
.000
.99k
.966
.918
.863
<567
.180

r wwwwww;—wwwwwwwwwwwwwwwwwwn)r\)romr\)r\)rol—'t—‘t—'b—*

n
(O)
0
00}

503
.52k
463
456
RN
.488
R
452
453
454
4k
455
RIS
428
14,484
P53
15.952
16.548
1S
18.461
21.368
22.792
252l
26.160
30.092
31.559
32.834

O OO0\ HFWwWh O

o
- o

-
w

L e el el e S W R S S A S W

.278
.566
787
.012
.207
.352
493
.616
216
.793
.846
.896

OTh
.988
.990
.990
.990
.990
.986
.9L6
.918
8Lk
.T66
A5l
469
.320

~_NACA
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8-inch finned model as mounted in tunnel.

Figure 4.- Model photographs.
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Figure 11.- Mach number effect on surface pressure distributions.
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Figure 12.- Concluded.
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Figure 13.- Effect of transition strip on external drag.
symbols indicate transition fixed.)
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Figure 1k4.- Comparison of drag obtained from balance and pressure
distributions. (Flagged symbols indicate alternate model.)
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Figure 15.- Peripheral variation of integrated pressure drag from
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Figure 16.- Effect of body size on total and pressure drag.
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Figure 17.- Drag components.
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Figure 18.- Effect of tail fins on body drag.
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