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TECHNICAL REPORT R-100

COLLECTION OF ZERO-LIFT DRAG DATA ON BODIES OF REVOLUTION FROM
FREE-FLIGHT INVESTIGATIONS !

By WiLLiam E. SronEy, Jr.

suMMaRY  j«/B U

A compilation is made of most of the zero-lift
drag results obtained from free-flight measurements
made by the Langley Pilotless Aircraft Research
Division on fin-stabilized bodies of revolution.
The data are arranged on standard forms, which
also contain the significant geometrical factors.
Supplementary data have been provided to facilitate
the determination of the body pressure drags from
Summary plots and
discussions have been included to provide a unified
and broad picture of the effects of body geometry on
zero-lift drag. The Mach number range of the
tests extends from 0.6 to approximately 2.0 and the
Reynolds numbers based on body length from
2 X 10°t0 100 X 10°.

INTRODUCTION

At the present time, the most accurate method
of obtaining the zero-lift drag at transonic and
low supersonic Mach numbers of an arbitrarily
shaped body of revolution is measurement by
means of wind-tunnel or free-flight tests. The
importance of accurate knowledge of zero lift
has been increased by the usefulness of the ‘“area
rule’”” concept in the design of complete aircraft
configurations, since this concept states that the
drag of a complete aircraft configuration can be
determined from its equivalent body of revolution.

The Langley Pilotless Aircraft Research Divi-
sion has flown nearly 200 bodies of revolution of
different sizes and shapes for the purpose of
measuring their drag at zero lift. The results
of many of these tests have been published in
reports dealing with the systematic variations
which they explored (refs. 1 to 16). However,

1 Supersedes NACA Technical Note 4201 by William E. Stoney, Jr., 1958,

many of these models were designed as equivalent
bodies of revolution, and their drags have been
published in the widely scattered reports dealing
with the airplane configurations they represented.
In view of the large amount of data available
and of the comparative obscurity of a large part
of it, it was believed that a collection of such
data presented in a standard form would be of
aid to the aircraft and missile designers.

This collection is presented in a form that will be
useful in several ways. The large number of
shapes presented herein may allow the designer
to estimate easily the drag of a desired shape by a
simple comparison. Supplementary data and
theoretical estimates have been provided to facili-
tate the determination of the body pressure drags
from the measured total drags. Summary plots
and discussions have been included to provide
the user with a unified and broad picture of the
effects of body geometry on drag at zero lift.

SYMBOLS

A cross-sectional area of body

Cp drag coefficient

ACH incremental drag coefficient

ACp r incremental drag coeflicient due to
fins

C, friction drag coefficient based on
wetted area

C, pressure coeflicient

d maximum diameter

l length

M Mach number

Nre Reynolds number

P free-stream static pressure

P local static pressure
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R maximum body radius

r local body radius

s radius at body base

v nose radius

S surface (wetted) area

U free-stream velocity

z axial coordinate

0, body slope at z/l;=1 (slope is always

negative but is expressed as posi-
tive)

p air density

B viscosity

Subscripts:

A afterbody

B body

b base

C cylindrical center section
F fin
I friction

mar maximum

N nose

N+4 nose plus afterbody

T total

TESTS

Most data included in this compilation were
obtained by methods for which details are in-
cluded in references 1 to 16. In brief, the pro-
cedure was as follows: A fin-stabilized model
_flying at or near zero lift was tracked with a CW
Doppler radar unit as it decelerated through a
speed range from supersonic Mach numbers to
high subsonic Mach numbers. The resulting
velocity time history was arithmetically differ-
entiated to give a deceleration time history.
Shortly before or after the flight, a record of the
atmospheric properties (density, temperature, and
wind velocity) was obtained from the flight of a
radiosonde balloon. This record, together with a
space-position time record of the flight, permitted
the zero-lift drag coefficient to be calculated. The
tests differ only in the method of launching the
models into free flight and in the method of ob-
taining the altitude time history. Data are in-
cluded for 177 models for which the pertinent
geometric parameters are listed in tables I and II.

ROCKET MODEL TESTS

The rocket-test method provides for propulsion
of the models by rockets located either in the
model or behind the model in the form of booster

rockets which dropped away after burnout. In
these tests the models were also tracked by an
NACA modified SCR-584 position radar tracking
unit, the data of which were used to obtain the
space-position time records used in the data re-
duction. In general, the rocket models were
fairly large: 5 to 8 inches in diameter and up to
12 feet in length. The data were obtained with
the models at all altitudes up to over 50,000 feet
and to Mach numbers over 4. A few models
carried telemetering equipment and from these
the total drag was also obtained from decelerom-
eters and the base drag from pressure cells.
HELIUM-GUN TESTS

The second technique, the helium-gun test,
provides for launching of small models (roughly
2 inches in diameter and 12 inches long) from a
helium gun. The helium gun used to launch these
models was a 24-foot smooth-bore barrel 6 inches
in diameter attached by valves to a 100-cubic-foot
tank of helium under a pressure of 200 pounds per
square inch absolute. The models were ejected
at Mach numbers up to 1.4. The space time
histories of these models were calculated from the
velocity-time data, and the data were reduced as
before. A satisfactory check of the flight-path
calculation method was made by tracking several
models with the SCR-584 unit. The models
were fired at an angle of 20° to the horizontal and
never rose over an altitude of 2,000 feet.

ACCURACY

Inasmuch as the tests were made over a period
of several years with continually varying tech-
niques, it is difficult to assign a general figure for
their accuracy. The velocimeter record is ac-
curate to within 0.2 percent, and the derived
accelerations, although obtained by a short-time
averaging process, are accurate to within 1 percent
except in the region of the drag rise where it is
possible for abrupt changes to be somewhat alle-
viated by the averaging process.

One means of determining accuracy is by com-
parison of the drag of identical models, since all
the variable factors, inaccuracies in body ordi-
nates, velocity measurement, atmospheric condi-
tions, wind velocity, and data reduction are
included. From the variations shown by the
models of configurations 8, 22, 27 to 30, 75 to 77,
106 to 109, 128, 139, and 151, reasonable limits of

e 5 gy
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error for Cp and Mach number appear to be
AOD= :t 0.01
AM=10.01

Another check on the accuracy is given by a
comparison of the data of model 109 with a wind-
tunnel test of an identical configuration. This
comparison is shown in figure 1 and is quite good.

A third indication of the accuracy of the tests
is given by a comparison of the nose pressure
drags obtained from eight helium-gun models
with values measured in a wind tunnel and cal-
culated by second-order theory. The comparisons
are quite close and indicate accuracy at least to
the values quoted. (See the discussion on nose
drags in the section ‘“‘Summary Curves.”)

RESULTS AND DISCUSSION
GENERAL ARRANGEMENT

Inasmuch as the important product of these
tests is the body pressure drag, the configurations
are separated into two types—¢‘“smooth” and
“bumpy’’—and the results are presented in se-
quence according to increasing fineness ratio.
A smooth body is defined as one for which the
meridian increases without inflection points to a
maximum and stays constant or decreases without
inflection points to a minimum. All other bodies
are classified as bumpy. Inasmuch as only the
nose and afterbody contribute to the pressure
drag, the significant fineness ratio of the smooth
bodies has been assumed to be based on the sum
of the nose and afterbody lengths ly,.. The nose
is herein defined as the forward part of the body
with increasing radii up to the maximum diameter
and the afterbody as that part with decreasing
radii from the maximum diameter to the base.
Cylindrical sections of maximum diameter are
considered as separate units and thus the sum of
the values of fineness ratio of the nose and after-
body Iyia/d can be less than the total fineness
ratio of the body lr/d. (See table I.) Grouping
in this manner is justified on the assumption that
the effects of the nose on the afterbody drag are
of second orde:. Since such & simple geometrical
division cannot, in general, be made for the bumpy
bodies, results for these configurations are pre-
sented in sequence according to increases in their
total fineness ratios (table IT). This classification

3

by fineness ratio has the advantage of simplicity,
and its usefulness is based on the general fact that
this parameter is the most important single factor
affecting body pressure drag.

The shape of the parts of the body is another
variable and since the assumption that the effect
of shape is independent of fineness ratio appears
to be useful, the body ordinates have been non-
dimensionalized and are presented in the appendix
in graphieal form for each of the configurations.
In order to utilize this assumption strictly, the
individual parts should have been presented indi-
vidually; however, this manner of presentation
would have posed great problems for the bumpy
bodies and was abandoned in favor of the simpler
method used. This method has the advantage of
allowing comparisons of bumpy and smooth bodies
to be made by matching their nondimensional
ordinate curves and their total fineness ratios.
Comparisons of the drag curves of such bodies
allow estimates of the bumpiness of a bumpy body,
that is, insofar as drag is concerned.

Figures containing pertinent information on
body shape and type of test for each configuration
are presented, together with drag and Reynolds
number plots, in the appendix. The figures in
this appendix are arranged in sequence according
to the configuration numbers given in tables I and
II. Many of these data were originally presented
in references 1 to 16. Curves of friction, base,
step, and fin drag to supplement the basic data are
given in figures 2 to 5. Summary curves of data
from various systematic investigations are pre-
sented in figures 6 to 10. Some curves showing the
general effect of body shape on drag appear in
figures 11 to 15.

MODEL CHARACTERISTICS

Enough information appears in the sketches
and graphical presentation of the ordinates given
for each configuration in the appendix to allow
reconstruction of the model with reasonable ac-
curacy. Many of the smooth bodies had analyti-
cal meridians of parabolic form or mixed parabolic
and hemispherical form; this notation has been
made in the figures. The following equations
were used for parabolic noses and afterbodies:
Nose:
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TABLE I.-GEOMETRIC CHARACTERISTICS OF SMOOTH CONFIGURATIONS

Configura- Refer-
tion IN+A/d Ir/d ln/d ZA/d SB/A,.,,, Sp/A,,.,,z Ab/A,u, 05, deg Test ence
1-8 0. 50 12. 00 0. 50 0. 00 49. 00 6. 36 1. 00 0. 00 Helium gun .-

9 3.71 8. 57 1.38 2.33 28. 30 11. 00 .00 12. 20 Helium gun -
10 4 62 7.70 1. 92 2.70 25. 20 6. 40 . 00 68. 00 Helium gun -
11 4. 64 11. 20 3. 50 1. 14 39. 30 11. 00 .45 8. 00 Rocket 1
12 4. 85 7. 15 2.02 2. 83 22. 40 11. 00 . 00 15. 70 Helium gun -
13 4. 98 13, 47 2. 98 2.00 51. 50 24. 60 .52 4. 02 Helium gun 2
14 4. 98 13. 47 2. 98 2.00 51. 30 24 60 . 52 4. 02 Helium gun 2
15 5. 00 5. 00 2. 00 3. 00 13. 60 11. 00 . 00 18. 80 Helium gun -
16 5. 00 5. 00 2.00 3. 00 13. 30 11. 00 .00 11. 90 Helium gun -
17 5. 00 7.78 2.00 3. 00 25. 00 11. 00 . 00 12. 70 Helium gun --
18 5.10 5. 10 1. 92 3. 18 14. 60 11. 00 .00 90. 00 Helium gun -
19 5. 20 13. 70 3.20 2. 00 51. 00 24. 60 .52 4. 02 Rocket 3
20 5. 20 13.70 3.20 2.00 51. 00 24, 60 . 52 4. 02 Helium gun 2
21 5. 34 9. 51 2. 67 2. 67 30. 60 11, 00 .00 15. 60 Helium gun -
22 5.70 5.70 5.70 .00 11. 40 . 00 1.00 —5.00 Helium gun .-
23 5.79 14. 29 3.79 2.00 51. 90 24. 60 . 52 4. 02 Helium gun 2
24 5. 84 5. 84 . 50 5. 34 19. 00 11. 00 .19 7. 00 Rocket 4
25 5. 84 12. 90 3.10 2.74 51. 80 12. 40 . 25 18. 60 Rocket -
26 6. 00 8.78 3. 00 3. 00 26. 20 11. 00 . 00 12. 90 Helium gun -
27 6. 04 6. 04 1.21 4, 83 19. 16 11. 00 .19 9. 20 Rocket 5
28 6. 04 6. 04 4.83 .21 16. 84 11. 00 .19 25. 00 Rocket 5
29 6. 04 6. 04 2.42 3. 62 18.39 11 00 .19 8. 80 Rocket 5
30 6. 04 6. 04 3. 62 2 42 17. 64 11. 00 .19 13. 00 Rocket 5
31 6. 04 6. 04 3.71 2.33 17. 60 11. 00 .37 6. 10 Helium gun -
32 6. 08 9. 60 5. 01 1. 07 31. 60 12. 30 . 69 5. 45 Helium gun --
33 6. 10 14. 60 4. 10 2. 00 52. 30 24. 60 .52 4. 02 Helium gun 3
34 6. 10 14. 60 4. 10 2.00 52. 30 24. 60 .52 4. 02 Rocket 3
35 6. 42 9. 32 2. 98 3. 44 30. 20 11. 00 . 00 13. 30 Helium gun --
36 6. 50 15. 00 4. 50 2.00 52. 60 24. 80 . 52 4. 02 Rocket 3
37 6. 51 10. 87 2.71 3. 80 35. 60 12. 82 .00 60. 00 Helium gun --
38 6. 52 13. 90 3. 80 2.72 49. 60 12. 40 .25 17. 40 Rocket --
39 7. 00 7.00 2.80 4. 20 19. 00 11 00 .00 12. 90 Helium gun -
40 7.16 7.16 1. 81 5. 35 24. 00 11. 00 .19 7.00 Rocket 4
41 7.30 7.30 1. 95 5.35 24. 20 11. 00 .19 7.00 Rocket 4
42 7.33 8 57 3. 02 4. 31 25. 60 11. 00 .00 90. 00 Helium gun -
43 7.35 7.35 2.00 5.35 22.70 11. 00 . 19 8. 00 Rocket 4
44 7.43 7.43 3. 58 3. 85 20. 90 11. 00 .00 15. 00 Helium gun -
45 7. 47 7.47 2,12 5. 35 24. 30 11. 00 .19 6. 60 Rocket 4
46 7. 80 7. 60 2.25 5. 35 25. 10 11. 00 19 7.00 Rocket 4
47 7. 66 7. 66 2.33 5.33 25. 30 11. 00 .19 7.00 Rocket 4
48 7.72 10. 90 6. 00 1.72 32. 60 11. 00 .00 2. 90 Helium gun -
49 7.78 11. 50 6. 00 1.78 35. 50 11. 00 .00 29. 30 Helium gun 6
50 7.78 11. 50 6. 00 1.78 35. 50 11. 00 . 00 29. 30 Helium gun 6
51 7. 80 11. 08 3. 42 4. 38 34. 40 11. 00 .00 9. 80 Helium gun .-
52 7.90 7.9 2. 57 5. 33 25. 70 11. 00 .19 7.00 Rocket 4
53 8 00 8. 00 3.20 4. 80 21. 90 11. 00 . 00 8. 50 Helium gun -
54 8 00 8. 00 4. 66 3. 44 23. 16 5. 80 17 9. 50 Helium gun -
55 8. 00 8. 00 4. 00 4. 00 26. 30 4. 43 . 00 14. 00 Helium gun -
56 8. 00 12. 00 3. 00 5. 00 36. 38 1L 00 .19 3.20 | Helium gun 7
57 8. 00 12. 00 3. 00 5. 00 37. 05 11. 00 .19 3. 20 Helium gun 7
58 8. 00 12. 00 3. 00 5. 00 38. 35 11. 00 .19 3.20 | Helium gun 7
59 8.00 12. 00 3.00 5. 00 38. 40 11. 00 .19 3. 20 Helium gun 7
60 8. 00 12. 00 3. 00 5. 00 38.78 11. 00 .19 3.20 Helium gun 7

-y
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TABLE II—GEOMETRIC CHARACTERISTICS OF BUMPY CONFIGURATIONS—Concluded

Conf_igu‘ lTI(d SB/Amaz SP/A--: Ab/Anm: aby deg Test Refer-
ration ence

147 8 12 25. 40 13. 20 0. 18 17. 90 Helium gun | _______
148 8 23 20. 80 11. 72 . 00 16. 80 Heliumgun | _______
149 8 27 24. 00 10. 90 .29 2. 80 Helium gun | _______
150 8. 28 20. 7 11. 80 . 06 15. 00 Helium gun | _._____
151 8. 40 23. 00 7. 88 17 6. 10 Helium gun | _._____
152 8. 43 23. 10 6. 00 .17 6. 80 Helium gun | ._____.
153 8 48 23. 76 12. 62 .30 2. 40 Helium gun | ... ___
154 8. 49 23. 12 11. 00 . 00 7. 40 Helium gun | _._._..
155 8. 52 23. 40 11. 50 .08 2. 50 Helium gun | ___.._.
156 8. 57 25.70 9. 70 .00 90. 00 Rocket | ____.__
157 8 70 24 54 13. 12 .20 12. 10 Helium gun | _.__.___
158 8. 84 25. 64 6. 64 .18 - 4. 60 Helium gun | _._.__.
159 8. 85 25. 75 13. 14 .21 12. 30 Helium gun | .._.___
160 8. 91 25. 00 11. 00 . 19 7.00 Rocket 15
161 8 92 24. 10 11. 50 .07 12. 60 Helium gun | ____.__
162 9. 08 26. 26 14. 40 . 16 9. 10 Helium gun | __._.____
163 9. 09 24 40 11. 60 .03 8. 50 Helium gun | _._.____
164 9. 10 25. 55 11. 64 .04 10. 00 Helium gun | ______.
165 9. 22 26. 17 7. 14 .20 435 Helium gun | ___.___
166 9. 28 26. 91 7.28 .20 4. 06 Helium gun | _______
167 9. 31 28. 19 10. 00 .21 4. 60 Helium gun 16
168 9. 31 28 19 10. 00 .21 4 60 Rocket 16
169 10. 00 20. 35 11. 50 .00 90. 00 Helium gun | _._____
170 10. 00 27. 40 11. 00 . 00 6. 80 Helium gun | _______
171 10. 00 28. 40 16. 50 .25 415 Rocket | .______
172 10. 04 30. 40 11. 00 .00 90. 00 Heliumgun | _____._
173 10. 46 27. 40 15. 35 .02 4. 00 Helium gun | _._____
174 10. 70 29. 80 11. 00 . 00 8. 80 Helium gun | ...__._
175 11. 02 32 40 17. 04 .19 7.05 Helium gun | _______
176 11. 39 29. 20 11. 00 . 00 18. 90 Helium gun | _._____
177 12. 05 31. 90 15. 00 .04 5. 00 Helium gun | ._____.

circular symbols represent the calculation for tur-
bulent body flow plus laminar fin flow.

A word of warning is in order at this point:
In the figures in which both the circular and square
symbols appear at the subsonic end of the Mach
number scale and only the fully turbulent (square)
symbol appears at the supersonic value (for ex-
ample, configuration 158), the Reynolds numbers
are such that it is possible that transition from
laminar to turbulent flow has occurred at some
Mach number between the two extremes. This
possibility means that any pressure or wave drags
derived by subtracting base, fin, and friction drag
from the total drag can be in error by the amount
of the difference between the turbulent and lami-
nar fin friction drags. Configuration 158 presents
a case in point, although for this model the transi-
tion appears rather dramatically in the total-drag
eurve. This type of drag variation is unusual, and

§91396—61—2

the change would not be at all apparent if the
transition had occurred in the rapidly rising
section of the drag curve.

This compilation in the appendix represents a
collection of total-drag curves for various bodies
of revolution stabilized by fins. The usefulness of
the data is largely determined by the information
which can be obtained from these total drags
concerning the values of the pressure or wave drags
of the bodies alone (i.e., not influenced by the fins),
since it is the value of this component of the
supersonic drag that is always difficult and often
impossible to calculate from theoretical considera-
tions in the low supersonic speed ranges considered.
In order to obtain the wave drag of the body
alone from the test results, the friction, base, and
fin pressure drags must be known or assumed.

The friction drag can be calculated accurately
for most bodies. For many bodies, the base drag is
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negligible and the base drag for most of the re-
maining bodies can be estimated accurately from
empirical curves. The fin affects the drag in three
ways: fin pressure drag due to fin induced pres-
sures, pressure drag of the fin due to the body, and
pressure drag on the body due to the fins. The
value of the first component has been either meas-
ured or calculated for most of the fins used. Values
of the interference terms are, in general, not cal-
culable. For the models of the present report, it
appears reasonable to assume that the interference
terms are negligible for most cases since the fins
are extremely thin. The interference has been
shown to be essentially zero by wind-tunnel tests
of configuration 109 (see fig. 1) since the fin drag
obtained by subtracting results for finned and
unfinned models agreed exactly (except at M=1)
with fin drags obtained on special free-flight models
on which the interference drag was zero by virtue
of the cylindrical shape of the body. Since con-
figuration 109 is of high fineness ratio, this result
cannot be applied generally. An attempt to meas-
ure fin interference was made with configurations
48 and 49. Although these bodies had low-fine-
ness-ratio afterbodies on which the fin interference
was expected to be large, the measured differences
were small and in the opposite sense to that
expected.

The following sections provide the data neces-
sary in the breakdown of the total-drag curves into

their component parts.
FRICTION DRAG

Figure 2 presents average flat-plate friction
coeflicients based on wetted area as functions of
total Reynolds number for various Mach numbers.
All values are for an insulated wall (no heat flow),
which is correct for the wooden-surface models
and is nearly correct for the models with metal
surfaces and Mach numbers near 1. These values
were used in the calculation of the friction drags
shown in the appendix for configurations 1 to 177.
The use of flat-plate values for bodies of revolution
is not exactly correct because of at least two fac-
tors—first, the difference between two- and three-
dimensional flow, and, second, the existence of
velocities higher than free-stream velocity on the
surface of the bodies. Both effects are functions
of body fineness ratio, the effects being most in
evidence at lower values of Ir/d. Reference 18
gives an approximate correction factor for the
higher average velocities existing on bodies of
revolution as

(CD.X) body of rer 14+ 0.5
(CD.I)MI plote N lr/d .

which is supposedly valid at Mach numbers as
high as 1. Both effects are apparently small for
the bodies included in this compilation. The ratio
of Cp s to Cyis given in the tables as Sz/Amg: (the

Am I T
Fres flight
) ey
A% C/r -____~__‘:?‘
/ Tt _—
04 H wind tunnel
/’
/i
/ (a)
0 e
.04 1
A~ Wind tunnel
AGyr SIS Y SN I S Py map—
/// Fres flight (b)
0, )| {
o5 .00 1.05 110 115 1.20 1.25 1.30 1.35 1,40
M

(a) Comparison of drag rise.
(b) Drag rise of fins and fin-body interference.

Figure 1.—Comparisons of data for configuration 109 obtained from wind-tunnel and free-flight tests.
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FIGURE 2.—Average skin-friction coefficients for flat plates based on wetted area.

ratio of body wetted area to body frontal area), so
that changes from C; to Cp, may be quickly
estimated. The values were calculated from the
relationship

Cos_ £f1 z
T, i) R4

Another assumption has been made in the cal-
culation of the friction drag; namely, the bodies
have been assumed to have either completely
laminar or completely turbulent flow on the body
and fins. This assumption may be erroneous for
some of the models flown at Reynolds numbers
from 1X10° to 5X10° and this possibility should
be kept in mind in the analysis of such data. The
only models for which this assumption is obviously
wrong are configurations 104 and 105 (see ap-
pendix), even though they flew at extremely high
Reynolds numbers. These configurations are
both models of the NACA RM-10 body, which
has been extensively tested in wind tunnels. (See
refs. 13, 19, and 20.) These models are more
carefully finished than the majority tested and
long runs of laminar flow (Reynolds numbers up

to 40X10°) have been detected on the body on
some flights. Even more likely are long runs of
laminar flow on the fins and since the fins of these
models contribute nearly as much friction-drag
area as the body, their presence would cause a
large error in the calculations as made. With
these considerations, if the pressure drag of this
configuration is desired, it would be best to obtain
it from theory or from the wind-tunnel results
presented in references 13, 19, and 20. Note,
however, that the base drags obtained from flight
measurements should be the most accurate, since
the tunnel measurements contain sting-interfer-
ence effects. References 13, 19, and 20 also give
examples of the effects of Reynolds number, tran-
sition, and heat transfer on friction drag.

BASE PRESSURE AND BASE DRAG

Reference 21 contains an excellent analysis and
data on base pressure behind both two- and three-
dimensional bodies when the boundary layer is
turbulent ahead of the base and the Mach numbers
are in the range considered in this report. The
following discussion follows this reference.
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Three-dimensional base drag.—Figure 3 pre- infinite length (refs. 21 to 23). As mentioned in
sents the base pressure coefficients as a function of  reference 21, the base pressure behind a cylindrical
Mach number for a cylindrical afterbody of  base can be influenced by flow conditions such as

10
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F1GURE 3.—Base-pressure coefficients behind two- and three-dimensional bodies for which flow is turbulent shead of base.
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fin and nose pressure fields ahead of the base even
when the boundary layer is turbulent well ahead
of the base. For the bodies studied in the present
report, such differences are believed to be small
enough to allow the curve shown in figure 3 to be
used, the possibility of such an error being always
kept in mind, however, especially for subsonic
speeds. (See ref. 18, pp. 30 to 34.)

Most of the bodies included herein have after-
bodies, that is, a base diameter which is smaller
than the maximum diameter. The base drag of
such bodies is discussed in reference 21; however,
the method of evaluating such base pressures
discussed therein is overcomplicated for the pur-
poses of the present paper, since the value of the
base drag is seldom a very large percentage of the
total drag for boattailed bodies. Some published
wind-tunnel data on the base drag of conical after-
bodies suggest the empirical expression

Ty 3
CD, Y CD, cyiinder dase (ﬁ)

Care must be taken in applying this equation at
subsonic Mach numbers since it does not account
for the possibility of negative base drags which
can exist (ref. 24).

Two-dimensional base pressures.—Figure 3
also presents base-pressure coefficients for a two-
dimensional base from references 21 and 25. The
data represent the base pressures behind slab
wings. They are presented herein as an estimate
of the pressures behind a rearward facing step on
a body of revolution.

PRESSURES ON A FORWARD FACING STEP

Figure 4 presents the pressure coefficients re-
quired to separate the turbulent boundary layer
in front of a step of several times the boundary-
layer thickness. (See ref. 26.) It appears from
page 52 of reference 18 that a pressure coefficient
of (,=0.41 is valid at subsonic speeds as well as
Mach number 1. Again these essentially two-
dimensional values are presented as estimates for
the pressures ahead of forward facing steps on
bodies of revolution.

FIN PRESSURE DRAG
Figure 5 presents the pressure-drag coefficients

based on the exposed plan-form area of the fin
(note that this is one-half the value of Sp/A4,.;

40
T~
30 \\\
\(:R.hrm 26
§ 2 \\\-\
3. / v
$ i
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‘ —
A S Yl
ol.O 20 30 4.0

FIGURE 4.—Pressure coefficients on forward facing step
for flow with turbulent boundary layer.
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Fiaure 5.—Fin pressure drag coeflicients (including base
pressure) based on exposed fin area.

tabulated in the basic data sheets of the appendix)
for most of the fins used in this report. Extreme
accuracy has not been striven for or obtained,
since in most cases the fin pressure drag is such a
small part of the total drag that a 50-percent error
in fin drag is of the order of the test accuracy.
The pressure drag of fin type A (fig. 5), which is
used on most of the models, was measured by
means of special helium-gun models. The drag of
fin type B was measured by special rocket models,
the data for which are presented in reference 27.
The supersonic pressure drag thus obtained is
so similar to that measured on fin type A that
they have been shown as one curve. The pres-
sure drag of fin type C was estimated by reducing
the drag rise of a 6-percent-thick delta wing
of réference 27 (p. 47) by the square of the thick-
ness ratios. The pressure drag of fin type D is
simply the two-dimensional base pressure of
figure 3 referred now to the fin plan-form area.
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SUMMARY CURVES
SYSTEMATIC INVESTIGATIONS

Most of the smooth bodies (table I) were flown
in programs designed to investigate the results of
systematic geometrical changes in the body shapes
on zero-lift drag. Figures 6 to 10 present sum-
mary plots of total-drag coefficients for the most
important of these investigations. These figures
give a broad picture of the effect of the most im-
portant variables on the total body drag; that is,
fineness ratio and maximum-diameter location
(fig. 6), nose shape and fineness ratio (figs. 7 to 9;
also configurations 1 to 8 in the appendix), and
afterbody fineness ratio and shape (fig. 10). Vari-
ous other methods of correlating the data will be
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F1aURE 6.—Drag coefficients of parabolic bodies showing
effects of fineness ratio and position of maximum di-
ameter.
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immediately apparent to the reader, but it is
suggested that the original references (see tables
I and II) be consulted before too elaborate an
analysis is attempted, since the various data have
been handled in more detail in these reports than
in the present report.

DRAG ANALYSIS

The data presented herein, together with data
from wind-tunnel tests and theoretical results,
allow some general conclusions useful to designers
to be drawn. The effects of nose and afterbody
shape are discussed separately, after which a brief
discussion is given of the effects of the shapes of
complete bodies.

Nose drag.—In the analysis of nose drag it is
helpful to use one of the basic premises of this re-
port, that is, that the effects of shape and fineness
ratio may usefully be considered separately. The
variation at M=1.4 of the nose pressure drag with
Iv/d is presented in figure 11. The lower curve
represents near minimum nose pressure drags.
At low values of ly/d, the minimum-drag curve
was obtained by fairing through the flat-face
value (Cp=0.8C, r) and hemisphere values (ref.
28). Above ly/d=1.4 it was determined from
second-order calculations (by the method of Van

. r 2\
Dyke, ref. 29) of bodies defined by R=(T>
N,

2z_3 i)’
(labeled A in fig. 11) and %:l—’“’——‘i—l—ll- (labeled
1 —_
4
B in fig. 11). Note that neither of these bodies

has zero slope at its maximum diameter. Since
the calculations and experiment agree well for
noses having ly/d=3 (see fig. 12), a fair amount of
confidence may be placed in the values shown.
Second-order calculations are also shown for the

. lr z\?
parabolic nose B L\l used on so many of

the models in this report. Taylor-Maccoll cone
values are also shown for comparison.

Although ly/d is shown to be a powerful param-
eter, the effects of shape can be important, as can
be seen in figure 12. The results shown in this
figure are particularly gratifying in that the values
from free-flight and wind-tunnel tests and several
theories are in marked agreement. As can be
seen from this figure, there is no one minimum-drag
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Ficure 7.—Drag coefficient plotted against Mach number for configurations obtained by rounding off nose of parabolic
body of fineness ratio 8.91.

shape for the entire Mach number range but
several do well over the entire range. (Refs. 30
and 31 present the drags of many shapes not
shown here.) Note that these results are for
Iv/d=3 and the relative drags may change with
Iv/d. Data from reference 30 have been combined
with the data of this report in part (b) of figure 12
to illustrate some general statements about the
effect of nose geometry on drag. The drags of the
z'/* and the ellipsoid nose show the high-peak-drag
level and the late-peak-drag Mach numbers
characteristic of blunt nose bodies. The z!/* nose
though not absolutely sharp (the cone could also
have been used) shows the early drag rise and
early sharp peak drag and the rapid decrease of
drag with Mach number to be expected on sharp-
nose bodies of revolution. The Von Karm#n nose
which has the 2° profile at its apex but which is
blunter immediately behind the apex produces a
drag variation with Mach number which incor-
porates the desirable features of both types of

nose, that is, late drag rise, “soft”” peak and low
peak-drag level, and decreasing supersonic drag.
This result is perhaps not so surprising since this
nose was designed (from linearized theory) for
minimum drag for a given ly/d at low supersonic
Mach numbers.

When these results are applied to the design of a
complete body, it must be remembered that the
interference drag of the nose on the afterbody is
also a function of nose shape. There are indica-
tions that the lowest drag shapes which do not
have zero slope at their maximum diameter have
higher interference drag potential than the more
smoothly faired shapes. (See subsequent section,
“Total body drag.”)

Afterbody drag.—The data of figure 10 have
been analyzed to give the drags of the afterbodies
caused by the pressures acting over the afterbodies
and bases. (For details of the drag breakdowns,
see ref. 6.) The results are presented for AM=1.2
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Ficure 8. —Comparison of drag coefficients for five configurations having nose fineness ratios of about 2.

in figure 13. The data for the conical afterbodies
are compared with the following semiempirical
equation:

2 n 3
Co.a 0.0018,,—}}&.000719, [1~(%) ]'*'Cb,b(%
(1)
where
n==4 (M<3.5)
n=3 (M >3.5)

6, is the slope of the afterbody in degrees (used as
positive, although actually always negative; not
applicable for positive values of 6,), and Cp, 1s
the base pressure drag of the cylinder (fig. 3).
The first term of the equation approximates the
second-order theoretical values calculated by Jack

(ref. 32), whereas the second term is a purely
empirical approximation for the effect of base
diameter ratio on the base pressure. In view of
the inaccuracies inherent in both the experimental
and the theoretical values (the theory, for instance,
was calculated only for M>1.5), the nearly exact
agreement of the two shown in figure 13(a) can
only be regarded as somewhat fortuitous. How-
ever, it is apparent, from the comparisons of this
report with the second-order theory of reference
32 and from the comparisons of reference 6 with
other theoretical calculations, that afterbody
drags can be calculated reasonably accurately for
afterbodies having maximum slopes of less than
about 15°. At or above this degree of con-
vergence large discrepancies may be expected (see
ref. 6), with theoretical calculations tending to
overestimate the drag.
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F1GURe 11.—Drag coefficients due to pressures on noses
at M=14.

All the test results of both parabolic and conical
afterbodies and the theoretical calculations lead
to an extremely simple rule for selecting minimum
drag afterbodies if a required value of l,/d is
given. The center curve in figure 13(b) represents
conical afterbodies with a slope of 4.5° (or para-
bolic meridians with a base slope of 9°). The
circular data points represent the parabolic
afterbodies of figure 10; note also that the tangent
to the parabolic base angle is always exactly
twice that of the inscribed conical body. The
minimum drag bodies all fall on this line. The
fact that for a given value of I,/d the required
ratio of base diameter to maximum diameter is
much less important at the higher values of
l4/d can be noted in figure 13(a) and is shown
more graphically by the shaded area on the lower
figure which shows the limits of configurations for
which the drag coefficients lie within about 10
percent of the minimum. The range of optimum
conical angles indicated (3.5° to 6.5°) is of the
same order (5° to 7°) as that used for some time
in ballistics for the drag reduction of bullets.

Total body drag.—If the minimum afterbody
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(n) Nose pressure drags of flight models compared with
wind-tunnel results and theory.
(b) Nose pressure drags from reference 30 showing general
effects of nose shape on drag.

FiGere 12.—Pressure drag of noses of fineness ratio 3.

drags at each value of I,/d are taken, the resulting
plot (fig. 14) may be said to represent a near
minimumn possible afterbody pressure drag for
M=1.2. A similar curve is presented for the
nose drag and was obtained by fairing through
the blunt nose values from configurations 1 to 7,
through the minimum (x/d=3) nose drag (%
parabola, fig. 12) and through the M=1.4 values
for the higher values of Iy/d (fig. 11). These
curves are presented to give some practical
boundaries, admittedly empirical and rough, to
the minimum drag problem.

If the nose and afterbody minimum drag
coefficients are added for bodies with their maxi-
mum diameters at their midpoints, the solid-line
curve in figure 15 is obtained. If the same drag
coefficients are added, with care taken to place
the maximum diameter at the most favorable
position, the dashed curve is obtained. (This
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(a) Experimental and theoretical afterbody pressure
drag+base drag at M=1.2,
(b) Configurations for minimum afterbody drag at M=1.2.

Figure 13.—Afterbody pressure drag at M=1.2.

position moves rapidly rearward from z/l;=0.55
for Irz/d=7 to z/lp=1 for lr/d=3 for the near
minimum curves of figure 14; however, such
values are extremely susceptible to small changes
in the level of either the nose- or afterbody-drag
curves and must only be considered as indicative
of the trend.) Also, the drag rises (ACp=C) ,—
Cp.s—Cbr) for the smooth bodies of this report
are plotted at the fineness ratio representing the
sum of their nose and afterbody fineness ratios.
Most of the bodies at low values of I/d actually
had cylindrical center sections and thus their
interference drag coefficients were low. This fact
must be considered when the use of either of the
empirical curves as minimum-drag boundaries is
contemplated. As an instance of this need, com-
pare the pressure drag coefficients of configura-
tions 84 and 85 in the appendix, which are identical
in shape but have the same fineness ratio of nose
and afterbody and differ only in the cylindrical

LALARER N

NYCISNIEN

0 1 2 3 4 5 6 7 8715
1704

Fiaure 14.—Near-minimum pressure-drag coefficients at
M=1.2 for noses and afterbodies without interference.

center section of configuration 85. The higher
pressure drag of configuration 84 must be at-
tributed to interference of the nose on the after-
body. This interference drag seems high in com-
parison with the drag produced by the interaction
of nose and afterbodies of the parabolic bodies of
figure 6 which are indicated to be of the order of
that for configuration 85 (and essentially zero) by
a breakdown of their drag coefficients into com-
ponent parts and a comparison of the pressure
components with second-order theoretical calcu-
lations (ref. 29). It seems reasonable to assume
that at total fineness ratios below 6, the effect of
nose induced pressures on afterbody drag and per-
haps more significantly on base pressure (note
large base diameter ratios of minimum drag after-
bodies of fineness ratios less than 3 (fig. 13(b)),
and see ref. 21 for some examples of such effects
on base pressures) will be the important and
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FIGURE 15.— Pressure-drag coefficients at M=1.2.

perhaps the determining factors affecting both the
shape of the body and the value of the drag of
minimum drag designs.

While it is not a factor considered in the
discussions of this report it must always be remem-
bered that the dependence of drag on l/d is also a
function of the friction coefficient, and that it is
the increase of friction drag with //d that limits the
drag reduction due to increasing l/d.

CONCLUDING REMARKS
A compilation has been presented of data on the

ACp=Cp r—Cp,r—Cp,r.

zero-lift drag from free-flight measurements on
fin-stabilized bodies of revolution. Included are
data for 177 configurations from which a designer
may easily estimate the drag of a desired shape
through simple comparisons. Supplementary
plots and theoretical estimates have been included
to facilitate the determination of body pressure
drags from the measured total drags.

LaNnGgLEY REsEARCH CENTER,
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION,
LanNcLEY FiELD, Va., September 3, 19567.

REFERENCES

1. Hopko, Russell N.: The Effect of Some Surface
Roughness Elements on the Drag of a Body of
Revolution at Supersonic Speeds. NACA RM
L54121, 1954.

2. Piland, Robert O., and Putland, Leonard W.: Zero-
Lift Drag of Several Conical and Blunt Nose
Shapes Obtained in Free Flight et Mach Numbers
of 0.7 to 1.3. NACA RM L54A27, 1954.

3. Piland, Robert O.: Preliminary Free-Flight Investi-
gation of the Zero-Lift Drag Penalties of Several
Missile Nose Shepes for Infrared Seeking Devices.
NACA RM L52F23, 1952.

4. Wallskog, Harvey A., and Hart, Roger G.: Investiga-
tion of the Drag of Blunt-Nosed Bodies of Revolu-
tion in Free Flight at Mach Numbers From 0.6 to
2.3. NACA RM L53D14a, 1953.

5. Hart, Roger G., and Katz, Ellis R.: Flight Investiga-
tions at High-Subsonic, Transonic, and Supersonic
Speeds To Determine Zero-Lift Dreg of Fin-
Stabilized Bodies of Revolution Having Fineness
Ratios of 12.5, 8.91, and 6.04 and Varying Positions
of Maximum Diameter. NACA RM L9130, 1949.

6. Stoney, William E., Jr.: Some Experimental Effects
of Afterbody Shape on the Zero-Lift Drag of Bodies

e e o - v v s = e = o A e



7.

8.

9.

10.

1L

12,

13.

14.

15.

16.

17.

18.

19.

Downloaded from http://www.everyspec.com

COLLECTION OF ZERO-LIFT DRAG DATA FROM FREE-FLIGHT INVESTIGATIONS

for Mach Numbers Between 0.8 and 1.3. NACA
RM L53101, 1953.

Stoney, William E., Jr.: Transonic Drag Measure-
ments of Eight Body-Nose Shapes. NACA RM
L53K17, 1954.

Walters, Richard E.: Application of Transonic Area
Rule to a Sharp-Lipped Ducted Nacellee. NACA
RM L53J09b, 1954.

Sears, R. I, and Merlet, C. F.: Flight Determination
of the Drag and Pressure Recovery of an NACA
1-40-250 Nose Inlet at Mach Numbers From 0.9
to1.8. NACA TN 3218,1955. (Supersedes NACA
RM L50L18.)

Sears, R. I., Merlet, C. F., and Putland, L. W.: Flight
Determination of Drag of Normal-Shock Nose
Inlets With Various Cowling Profiles at Mach
Numbers From 0.9 to 1.5. NACA Rep. 1281, 1956.
(Supersedes NACA RM L53125a.)

Mason, Homer P., and Gardner, William N.: An
Application of the Rocket-Propelled-Model Tech-
nique to the Investigation of Low-Lift Buffeting
and the Results of Preliminary Tests. NACA
RM L52C27, 1952.

Welsh, Clement J., and DeMoraes, Carlos A.: Results
of Flight Tests To Determine Drag of Parabolic and
Cone-Cylinder Bodies of Very Large Fineness
Ratios at Supersonic Speeds. NACA RM L51E18,
1951.

Jackson, H. Herbert, Rumsey, Charles B., and
Chauvin, Leo T.: Flight Measurements of Drag
and Base Pressure of a Fin-Stabilized Parabolic
Body of Revolution (NACA-RM 10) at Different
Reynolds Numbers and at Mach Numbers From
0.9 to 3.3. NACA TN 3320, 1954. (Supersedes
NACA RM L50G24.)

Hall, James Rudyard: Effect of Wing Size and Amount
of Indentation on Applicability of Transonic Area
Rule to Swept-Wing Configurations. NACA RM
L55F03, 1956.

Stoney, William E., Jr., and Putland, Leonard W.:
Some Effects of Body Cross-Sectional Shape,
Including a Sunken-Canopy Design on Drag As
Shown by Rocket-Powered-Model Tests at Mach
Numbers From 0.8 to 1.5. NACA RM L52D07,
1952.

Hoffman, Sherwood: A Flight Investigation of the
Transonic Area Rule for a 52.5° Sweptback Wing-
Body Configuration at Mach Numbers Between
0.8 and 1.6. NACA RM L54H13a, 1954.

Van Driest, E. R.: The Turbulent Boundary Layer
for Compressible Fluids on a Flat Plate With Heat
Transfer. Rep. No. AL-~997, North American
Aviation, Ine., Jan. 27, 1950.

Hoerner, Sighard F.: Aerodynamic Drag. Publ. by
the author (148 Busteed, Midland Park, N.J),
1951,

Evans, Albert J.: The Zero-Lift Drag of a Slender
Body of Revolution (NACA RM-10 Research

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32

19

Model) As Determined From Tests in Several
Wind Tunnels and in Flight at Supersonic Speeds.
NACA Rep. 1160, 1954. (Supersedes NACA TN
2044.)

Carros, Robert J., and James, Carlton S.: Some
New Drag Data on the NACA RM-10 Missile and
a Correlation of the Existing Drag Measurements
at M=1.6 and 3.0. NACA TN 3171, 1954.

Love, Eugene 8.: Base Pressure at Supersonic Speeds
on Two-Dimensional Airfoils and on Bodies of
Revolution With and Without Fins Having Tur-
bulent Boundary Layers. NACA TN 3819, 1957.
(Supersedes NACA RM L53C02.)

Hart, Roger G.: Effects of Stabilizing Fins and a
Rear-Support Sting on the Base Pressures of a Body
of Revolution in Free Flight at Mach Numbers
From 0.7 to 1.3. NACA RM L52E06, 1952.

Peck, Robert F.: Flight Measurements of Base Pres-
sure on Bodies of Revolution With and Without
Simulated Rocket Chambers. NACA TN 3372,
1955. (Supersedes NACA RM L50I28a.)

Katz, Ellis, and Stoney, William E., Jr.: Base Pres-
sures Measured on Several Parabolic-Are Bodies of
Revolution in Free Flight at Maech Numbers From
0.8 to 1.4 and at Large Reynolds Numbers. NACA
RM L51F29, 1951.

Morrow, John D., and Katz, Ellis: Flight Investiga-
tion at Mach Numbers From 0.6 to 1.7 To Deter-
mine Drag and Base Pressures on a Blunt-Trailing-
Edge Airfoil and Drag of Diamond and Circular-
Arc Airfoils at Zero Lift. NACA TN 3548, 1955.
(Supersedes NACA RM L50E19a.)

Love, Eugene S.: Pressure Rise Associated With
Shock-Induced Boundary-Layer Separation. NACA
TN 3601, 1955.

Morrow, John D., and Nelson, Robert L.: Large-
Scale Flight Measurements of Zero-Lift Drag of 10
Wing-Body Configurations at Mach Numbers From
0.8t0 1.6. NACA RM L52D18a, 1953.

Sommer, Simon C., and Stark, James A.: The Effect
of Bluntness on the Drag of Spherical-Tipped
Truncated Cones of Fineness Ratio 3 at Mach
Numbers 1.2 to 7.4. NACA RM A52B13, 1952.

Van Dyke, Milton D.: Practical Calculation of Second-
Order Supersonic Flow Past Non-Lifting Bodies of
Revolution. NACA TN 2744, 1952.

Perkins, Edward W., and Jorgensen, Leland H.:
Investigation of the Drag of Various Axially Sym-
metric Nose Shapes of Fineness Ratio 3 for Mach
Numbers From 1.24 to 3.67. NACA RM A52H28,
1952.

Eggers, A. J.,, Resnikoff, Meyer M., and Dennis,
David H.: Bodies of Revolution Having Minimum
Drag at High Supersonic Airspeeds. NACA Rep.
1306, 1957. (Supersedes NACA TN 3666.)

Jack, John R.: Theoretical Pressure Distributions
and Wave Drags for Conical Boattails. NACA
TN 2972, 1953.



Downloaded from http://www.everyspec.com

APPENDIX
BASIC DATA FOR CONFIGURATIONS 1 TO 177

e e ————— 1 T Y S g, T e e e S S ety o -



Downloaded from http://www.everyspec.com

21

COLLECTION OF ZERO-LIFT DRAG DATA FROM FREE-FLIGHT INVESTIGATIONS

(*(012 pu® 00z "dd) g1 aoustagor ur pajou Buowouayd Jy[runs £q paouapIa9 S8 [8I I8 £oy3 ‘13ramoy
!883004d uorONpaI-v8P oy £q pajroITp 1eyamouos A[pajqnopun ous spaads dtuosqns 18 suolmLIA deap 4dnige oY1) )50} unS-wnioy ‘g 0} [ SNOLLVHADIINOD)

'SIAIND 47) puw *¥N () (‘soyout Ui 01w waAld suosuswiyy) odwys Apog (w)
w
€1 21 11 0l 6 8 \.m
Q) 0 o't j9e'9 | osb 0 | -s0 | -0 | +2
ﬁln - R N % "%/ %] /1| o/"1 (oMM o/4,
79 ¢ Lyx
Q 19poN .| o1 6 g L 9 S [ € 2 " o
0 19poN .| L. =
] . (o)
4
5 Pr—— ] . \\\ 2
\ — o
\ ] \ v
7 9
L AT o1 \
9 v \ g vononbyuoy._ |/
Y, e A .
< - 4 8
\\ . 2 \ L vouounbijuog.
4 \ N
P (
14 ] 2 € v s 9 L wouoinbyuog
v — \\ 1 00 £20° 990" ver 802" 882 G2 /M
_ o N " .
€ \\ a%\t; vmn.jb\m £6'10/M _ 010/ »o.\.-\\Sv LG oM v G oM v
. 7
u_ 359 o L o2 | 8 vouonbyuon
- e = 0/N
P J_ 9'€ :p/M
v - - - - =
L—t — O.Q
{1
T 8 o, 00°0t 9
.\\_\

901X



Downloaded from http://www.everyspec.com

TECHNICAL REPORT R—100—NATIONAL AERONAUTICS AND SPACE ADMIN ISTRATION

22

£l

*389) unB-wIn{jay ‘¢ NOILVHAPIINOD
” 1oy

*saAlInd 4 pus *¥N (q)

. » . )
2’| i} ol 6 9 ho
{Q)

v
J - - r - — )

\.QU\
A 2

)

¢
. \ ‘.

:‘uu&

v
¢
(o}
2
v

&
\\\\ 9
|~
\\
L ]

GO0l

ol

(‘sayour u1 aIv UaAI8 suoETAMY(T)

e ST,

adseys Apog (®)

22| o | on |oesz|ecz | et | we | u58
% | /%% /| /5 o/"1]| /M1 |8 o/a
1%
& 8 v 9 g v ¢ 1 v 0
(o)
-
\
X i
. al
Ji
Y
\ \ .
ol
ggal
we




Downloaded from http://www.everyspec.com

23

("2 uoBINIYUO) $8 JWIS §I)BUIPIO [RUOISUDUHPUON)  J8a} unB-umiay QI NOLLVEODIINO,)

*89AIND 9)) pus *¥N () ('sotjauy ut aaw usAIB suosuawii(]) adwys Apog (®)
® w
Z e 21 X o1 6 8
w Q) «89 o] b9 2'se L2 26! 29'b L
& % | "™/ % /| /%] o/%1| o/%1 |6/ o/t
W ] 0 i i Y “a/x
m 2 N ol 6 8’ I3 9 S v £ 2’ " [¢]
B \ t0)
m \ 29 : g
2 z
; ) \ /
= €
: | \ /
= L] v
2 -] // /
” v / &4
u \ /
) ¢ N / i
m // /
a N \ -
2 N / i
m 9 o B o}]
N
5 s
26’9
W \\ J
—y
3 ]
w — >
m o (o]}
o -~
00— e o
901%2)

e R et e T T

o



Downloaded from http://www.everyspec.com

TECHNICAL REPORT R—100—NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

24

*1893 49201 (][ NOILVMNDIINO))

et et b e e

*89AIND 4 puu *¥N (q) (‘sagouy uy oxe uaAlf suosudw(y) -adeys Apog (®)
w
] 02 6l 8l Ll 9l G'l ¥l €1 2 Il Ol mm o8 Sv° O°hi g£'6¢ vinl St 9P 27
@ % "/ /% /B o/ 1| o/%1 {6/ HM| a/11
= = = " Ly/x
- v 0 o'l € 9 5 9 S v £ 2 I
#09- 0)
2o |
R S T e \
et L -2'0y ¢ \
B .
0
|
02
Lt // \\
[ e
E—— ov N £
- L — 4626
-
] o 09
08




Downloaded from http://www.everyspec.com

25

COLLECTION OF ZERO-LIFT DRAG DATA FROM FREE-FLIGHT INVESTIGATIONS

*189) und-winy[ay gy NOILLYHODIINO))

S9AIN0 1) puv *¥N (q) ("soyour ur are uaad suosuawif) -edeys Lpog (w)
w
£l gl 'l 0l 6 8 h.o
Q) ol'Sl 0 0’1l [ ov2e | €8'2 | 202 [+1: 18 4 st
) R NI i 74 w73 i 2 WA A W At kit \ W0
= - = - = Lm r dy/x
N £0%- oY 6 8 L 9 g 4 3 2 | ]
(0)
g -
%
/ | \ i
£ \
v Y / /
\ -4
\ Y
0 ,/
c AL
2 — \\
o
v
-
\\\ o&.<
.\ 9 _
\\ )
- o
L 62'L
8

e A e e

= 90IX01

TR T - smmmrwan e e e s me g w vt e em . = e e ar e e e g gy e ot e e oy ¢ o o B I T . . . . e



Downloaded from http://www.everyspec.com

*189} unS-wnydy ‘gY NOLLVHADIINO))

26

Z
m *S9AIND df) pus *¥N (q) (‘sayour uy a4v uaAld suosudwi(]) odwys {pog (®)
R W
¥l €1 2l 'l o'l 6’ 8’ L
m @ o 20 es’ 9've G616 | 002 | 862 86°v | Lb'CI
(]
= % | "/ %| /%] /%) p/71| o/M1 | o7t M| /41
< " L1/x
3 (o] 6 8 L 9’ ¢ 1 € 2 I
T T
m ! ! (0)
a ¢ ) f
4 JT Tt =] _
< —tr ;
s \du\
S ¢ —
W \ rl — — — I
K i
Q v -t Ho-1-
3
< b -
5 g - |
g \ / Loy h | _ LTL~7 f__ﬁ s
2 4 N RN
M \ y 9 _ S o | H -
% \\ L | 1 : s 1 [
-1 10, i
L e e
o . vez
& - 14 LLOV—
~
a —— L€l
< 1 _ g —lglelot
o 8 %, oG
4 " 8
H L1 4 7 T l
m L _
= L Lo o L 901%2!

@

()]

&/

U T—Y




Downloaded from http://www.everyspec.com

e e e b et o et v e ok et i AN A

27

COLLECTION OF ZERO-LIFT DRAG DATA FROM FREE-FLIGHT INVESTIGATIONS

LAl

*359} unJ-wNIdY {H] NOILLVHADIANO))

‘BIAIND T)) puw *¥A1 (q)

(‘sogouy ur 94w usAlg suosUIWI(])

adwys Apogy (w)

&/

W
(4] 3l [ 01 6 8’ L
1) ° Pv{o) 4 42 -3 4 1 [+] 002 86'2 86t Lb'el
% 1"/ W/ /%) /71| o/M1 |0/ o/41
[ L1/x
ol g8’ L 9 G v € 2’ I
R (o)
o— | ¢
Tt = cpe | - S - &
\.Q.Q\\
.
.
/] s
4
/ P
\ g
) \ w
1 Q.U -
\\ F.
4
v wowp 2/° wotp §-...
021 J|_ * U
1| _‘It..o_
=T 8 " k e
\ g.ll
] For

90iX3!\

o



Downloaded from http://www.everyspec.com

TECHNICAL REPORT R—100—NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

28

*180} und-wniay QT NOLLVHADIINO)

*S9AIND ) pus *¥N (q) (‘soyouy ur 918 uaAI8 suowsuawii(]) ‘adsys Lpog (®)
W
£t 2’ 'l ol 6 8 n.o
o881 o] o' 09°¢l | 00'E | 002 | 0OO'S 00's
- R %B | /Y% /%) o/71| /M1 [oM M| /11
i'e. _ 4/ x
70 N ol 6 8 L 9 s v £ z
1%, \ N
2| A
l.'.'\l\-\.\\v\
) 7
\\
—— S P \\
N —T1 I\\
\u‘i .
—T | . =
+O'b
(q)

o]

&4




Downloaded from http://www.everyspec.com

29

COLLECTION OF ZERO-LIFT DRAG DATA FROM FREE-FLIGHT INVESTIGATIONS

€1l

*159) und-wnifey {91 NOILVEADIINO,)

'80AIN0 ) pus *ANT(q)

(soyouy uy o8 uaALd suosuIWI(])

adwys Lpogy (v)

o6°11

o't

Og'¢l

00'e

0072

00's

00°S

%

i A 4

rou, \uw.

*ou, (8

2/"

o/M

o7+

o/41

1/x
‘

(0}

W
9 "1 o't 6’ 8’ L
e 0
(q)
ot . . \
195 - \ o0
29
[y \ m
1 QU,
//
v
0
2
\\
14
\\
\\.\
LT
9
e
gOtxOt




PR U A Ry A PP Y SR

*389) un3-wny[ay (L1 NOILVHADIANOD

‘80AINO 99 pus *¥N (q) (‘soyour uy o1v uaAll suotsuawuyy) adsys Apog (®)

Downloaded from http://www.everyspec.com

TECHNICAL REPORT R—100—NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

30

€l

£2'8

w
21 vl 0l 6 L
1) o272l o | o | oosz|ooe | ooz | oos | 8Lu
5 % | "/% | %l /85| o/V1 | o/ oMM o/1
I o v Hy/x
| \ J_, o'l 6 & s 9 g v g z 0
i
2%
\\ 2
o
o |/ \
\rV\_ v
—+ v \ "
v o
— 9 o
4] oy
\l\\ 8 o
\
4O1%01




Downloaded from http://www.everyspec.com

31

*189) unf-winiay ‘gy NOILVEQADIINOD)

"S9AIND 97) puw *¥ N (q) ('sayout ut oaw uoM3 suoisuawry() -odeys Apog (®)

n
N . . ¥
m €'l 2l " *] 6 8’ L
M (o]
m [CH <06 o] o Q9'bl | 8IC 26’1 ol's ol's
m L L ] %8 | ™Y/ Y/ Y % o/ 1| o/ o/ M| o/11
> * -~ —-
ot .,\.QQ \ “/x
z (o} 6 ;] L 9 g v € 2 | 0
I
E [ . ©)
¢ ¥%
; /
9 / 2
< [
B 105,
P v &1
&
& 2
5 /1T
g : \
an \:\r\_ v

1 ¥
i P
M L - >
M 9 My —1_ o
2 9
N
&
o 8
Z
2
g - - -
Q
m 90Ix0)
m 6i'y
&

i e AT Rt e R . B T ST

591396—61——3



Downloaded from http://www.everyspec.com

e e e s e ae e e ot b ARt e e o s s oA T o bt et

32

Z

Q

3

M *1899 j0y001 {(0Z uO01)BINIYUOI JO a8Is SIWL} G) G NOLLVHADILINOD)

M *0AIND d) pus ‘¥ (q) ("soyour uy ars udAl® suosuawyi(]) adeys Lpog (u)

4

m W

~n 81 L 9l Sl vl €l 2’| Il 0l 6’ mmu «20'¢ ¢ 9've oIS (0)r 2€ 0oz's L'l

=

@ @ % | /%% %] /5| o/"1| o/%1 |67 o/

3]

M 1 41/x

@ ol 6 8 L 9’ g v ¢ 2 { o
M i - o S N . {0}

< 17 2

@ ¥A%)

O 9% 7
- 1

5 § €

: / .
5 | / i} v
5 v e
< N

M ! mo\,,r \.\\A\ I 9
S e o

2 / \ 8
< 0 N

“ .

w L

= - 02 v o'
0 ]

M \\\ Ov My _ S'89

-] \.\\ —n _—n S'vs

o =i _—

3 ] 09 on C L N TP

R ‘wop g L‘_T

3 pos G v

Q

o 0ix08 6

Z TJM‘Y

3 s

=

B

PUS——

B



Downloaded from http://www.everyspec.com

33

1591 ung-wnipay mAa_ uonmIngyuod jo opwos mv 0Z NOLLYHOBIINO))
I
o2}
m ‘SIAIND 9 puw *¥pAr (q) (‘sayour ut ot woAId suotsuduii(p)  odeys Kpogy (w)
> w
ISR g 2 Il o1 6 g ».o
M . (Q} 220°b 26’ 9've 0’ls | 002 2t 0z2°g L€l
=
> e e "W/ "% /%) 2/ 7| o/My oM /4 |
“ - | Ly/x
_, o 1 (o)} 6’ 8 L 9’ ) |2 €’ A I 0
: 2
3 o} (0)
i 0 I [ 2
! &) = o =t _ | L
= — —F= s —p— - 2
= \.QQ\
M | — € QQ -
2 / ! ,
; /
= — v .
= &4
ﬂ. = L] /| i .
o 10y~
S .
A 1
& ) 8
= g 9 / =
'
Q
&= 14 / e ol
2]
3
M .\:\\ wop § .
A 8 ot>\ ,, - -pos ’
2 I ) w pos 22¢
(<)
Q \\\ . d _
! 901%2| poi Og2-
1 =
! =] Ti
i o

SRS s e e 3 (e e g




Downloaded from http://www.everyspec.com

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

TECHNICAL REPORT R—-100

34

L]

189} un-wmnyey { |Z NOLLVHADIINOY)

e et ——— .+ e bt bl e A LRI o -

SaAIND 47) pus *¥N (q) ('soyout uy a1 uaAd suosuawi(y) -aduys Lpog (®)
w
[l ] 0l 6 8’ \..O
96! 0 o't | 908 | 192 | L9C ve's 1$°6
% | /%% /5| o/V1| o/M1 |8/ HM p/41
I dy/x
T r - - - o1l 6 G U 9 g v’ 3 2 |
-
409
\ s .

\ - N /
1= \ /
’dl‘r v 1

v / \\
\ /
> o A /
\\
\ (0)
\\ 021
2
— ol
@ ) - - ) - VI
sop! et g0l
N

&4

P

e




35

*150) unJ-winioy (g NOLLVHODIANOD

Downloaded from http://www.everyspec.com

COLLECTION OF ZERC-LIFT DRAG DATA FROM FREE-FLIGHT INVESTIGATIONS

*SoAdNd A7) pud *¥ar () ('soyout ug aaw uoald suoisuowy[) odeys Lpog (v)
W
9 b Al o'l 8 9’ ?.O
@ - _ R ) $0G-| O 0 | ovi rs | s Ls
ray” % | "/ "% Y/ 5| o/ V1| a/M1 oMM o/
v L1/
' [o}]] 6 8 L 9’ g’ \4 13 2
(o)

z

— %

A
L4 = B ~—— n
qQ puo O {8POW - _ | \\ 1'G9 4"
RN/
AN v )
2 18pOW _ \\
N

.
(]

— o,

v W

e
\\
90Ix8 _|
Iy €01




Downloaded from http://www.everyspec.com

TECHNICAL REPORT R—100—NATIONAL AERONATUTICS AND SPACE ADMINISTRATION

36

<

£

[4]

183} UNF-umnieYy gZ NOLLVYADIINO])

*8aAIND 9 pun 4N ()

('soyouy U AI¥ UIAIS SUOISUBI(T)

adeys Lpog (m)

o 200 | 26 | 9wz | 615 | 002 | 62¢ | 626 | ez w
- 9 | /% /| /%) o/ V1| p/%1 [a/P M| b/
- ¥ 4 fx
B 1 0l 9 z 9 S v £ z )
1 . z \
o—i 1.1 | )
— m m—_— — \ 2
o,
0.
¢ 0o
1 \
.... / )
v &/4
] a
148., .
ot T 9
— ¢ /
N \\ 8
- 9
(o)
| ~ v 4 01
1 ""1 1 1~ L -
| . g %, / ~ T =0t
N wop §
\\ +
; [0 = el (R S .02 c2 _
(@ a | ( 65 —
b e 00‘ x 2l ~ wom.v o v62'D)

[P RO




Downloaded from http://www.everyspec.com

37

*180) 493004 ! (£poqaeyys orjoquaed puw asou [sorIatdsiuay) 1g NOILVUDIINO))

2]
m ‘BOAIND O) puw *¥N () ('soyput uf o1 woA18 suosuowil() odwys Lpog (®)
& W
8 ¢l £ (Al " 0l 6 g L 9
M @ o] ol 61 o1t | 0061 | pE'S | OSO +8'G v8's
B B 1"/ Y%/ Y% o/1| /M1 | aM M| o/t
W |l " - b -t .
o \._ I L/ x
m 499 y o't 6 ) L 9 g 1 € 2 r 0
: <} \\ - ()
: 0
i = .
! ) 2
i 5 c
2 /
* & / N
v
m @ Y &/
-« 9
=] \ //
<} V4 S
2 V 4 = ~ \ o
(=] I~
W“ / 9 I~
L ~—
b
0 /] o1
2 <10
e L
S ~
= .
& . .- POI GL'E
P 8
=
m o .
02
—
u ulx\\\i\\\\\\\ &y _vl 6 Ia_ G2
90IX0t —6

e e ey e i e e e




Downloaded from http://www.everyspec.com

TECHNICAL REPORT R—100—NATIONAL AERONATUTICS AND SPACE ADMINISTRATION

38

(‘3eip ounssaid uo £fus L|pivy g FvIp UOLIOLI] UO 02D JWOS IABY ABW Julyg) 159} J94d01 (GZ NOLLVHADIINOD

'$2AIND G)) pus *¥N (q) ('sayour up ore usAIl suoisuswii(]) ‘odevys Apog (®8)
N
£l 2l "l ol 6 8’ L 9
@ ° «9'8l g2’ v2i 815 | b2 o' +8's 672l
% | "™/ "% /| o/"1] o/M1 | 0| o/4
N t dy/x
so. . . .
S b/ i 6 8 s 9’ s 14 € 2’ ¥ o] 3
\\ 2% “
k.QU/.\\ ¢
¢
L~ \
o
v &4
0 / \\ 9
\ /
\,
0z /
\\ °
\\
L o 6L = o1
o Sty
\\
09 - i
b
oo : :
€09 {
. A \ ﬁ.
. 544 :
_},7_ ¢ » i
OO 62 G182 :




39

*189) un3-wnaY {pg NOLLVHADIING))

Downloaded from http://www.everyspec.com

COLLECTION OF ZERO-LIFT DRAG DATA FROM FREE-FLIGHT INVESTIGATIONS

WAAIND 1) puw PHAT (q) ("sayaur uy aaw woAd suolsuawir)  adeys Apogp ™)
w
4 'l 01 6’ 8’ h.o
062l 0 011 | 0292 | 00'e | 00'¢ | 009 | 828
705 % "/ "% Y% p/V1 | o/M1 [ a/ M o/
C S ap— Y ! Lyx
1 ol 6 8 I3 9’ S’ v € 2 | ¢
\ "
J \ /T
4 - m
409 \
v
v 2
0 9
2 / \ 8’
(©) ) A
0
14 - .
«02I o
®y, LI'EL
9
\
\\\ - ~ -
L1 ) ) -
8 .
€€'C
P |1 SL'6
— _ - N

(q)

g0IX0! T o._L 03 m.._wt._-r

4

391396 —61



Downloaded from http://www.everyspec.com

TECHNICAL REPORT R—100—NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

40

- A e e e aemaiaen e e aeime - [T Sl WU O S PO Lilllrvlllw

*983) j9)d01 {(£poqiayje pus asou drjoqervd) 2z NOLLVEADIINOGYD

‘saAInd 4 puw *¥N (Q) (‘sayour ur a1e uaAld suomsuouny(y) “-oduys Apog (%)
W . . :
91 1 vt €1 21 't o1 6 8 L % 26| 6° | o | orer| esv | 121 | vo9 | vog
. % | /%" %% /%] /1] o/M1 | oYM o/ i
s - - i 3 = r Ly/x W
iay or & & L 9 & ¥ g g 0 i
. {0) ;
1 i ]
2
qQ 19PON ———— \ ¢ \
0 (epoy ——— \
o
" v J "

kaJv\ \ .
n- \ 1.

. . .l\.\\ \ 0
. 7
0 o'l !
2e'st .

\\\.\.\‘.\x\l\.\l\.\
\.\\‘-\
-—] Ot 4y
09 :
€01 :
g0IX08




41

Downloaded from http://www.everyspec.com
COLLECTION OF ZERO-LIFT DRAG DATA FROM FREE-FLIGHT INVESTIGATIONS

"1891 403901 ! (Apoqanyw puw osou sijoqeird) 87 NOILYHADIINOY)

EIAIND G7) pur *HN (q) ("sayour ur aaw usAd suowsuawiy) ‘adsys Lpog (w)
. . . . ;
w_H. Sl bl £l <l "1 ol 6 8 L 9 m.o G2 6l h 891 127 €8t | pO'9 v0'9
(Q
I B "/ Y % /%] o/ %1 | p/*1 |87 o/4
S \.Quuu - r Lyx
ol | o1 6 8 L 9 13 jd £ 2 I
q 19pON ——— . ©
D |9pON —— [ |
Y - % - L
/ m /
B I N 40y > / g IR
t / - —- <
o]
. PE——
L—T"1 — 02 oY,
\\I.‘\I\\u\l‘ E
‘l\lL ‘\l\.\l\. B
Ao bbb 90IX0b




Downloaded from http://www.everyspec.com

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

TECHNICAL REPORT R—100

42

*180} jayo0l

I

! (Apoqieyju pue esou orjoqeied) Gz NOILVHADIANOY)

*saAInd 4 pue ¥y (q) ("soyour ut a1 uoald suoisuswi(]) adeys Lpog (w)
n
Ll 9l g I | ! I ' ) 3
, s v £ AN o1 i 8 88 | 6 | Ot | 6e8 | 29€ | 2v2 | v0'9 | vO'S
@
nﬁ Ny i - - 1 %"/ W /%) /T2 | o/ | a7 M| o/
Lodde = ) o e et N Y/
. K,G \ o'l 6 8 L 9 G v ¢ 2
, 1
| q 18pON ———— \\ : © \
. - 29
0 (BpoN ——— / N\
i | ] |24 [
e el el ol =l €
L,i:s4kdb\
»
N /
0 ////
s 0z // \\
"]
- pd
\ N | .\.\.\.\l\ A \
| ob "y — \
i - S mmrﬂhr!lo ] 2€°GY
€ ¥ —
0 H*m _M.LV I £0Ip
_ _ - _ —— g0I%08

01

&4

~




Downloaded from http://www.everyspec.com

43

6l

8l

Iy

9l S

vl

RAAIND G pun IN ()

44
€1

“150) 394201 1 (£poqaay e puv asou atjograud) Of NOLLYRABIING,)

2 'l

[o}]

('soyouy ug ade udAld suowOwWI(])

(9)

:‘)_.._.

oduys Apogp (v)

Dm—

61°

o'n

v9Ll | 2b'2

29’

v0'9

v0'9

%

/%

~bE‘ \kh

ou, /81 p/Yy

o/M1 | o/7+M

p/41

Lix
9 °}

.

o

1epoy
O |9pow

(e)

=y

A

k.QQ

COLLECTION OF ZERO-LIFT DRAG DATA FROM FREE-FLIGHT INVESTIGATIONS

)]

€01y



Downloaded from http://www.everyspec.com

NATIONAL AERONATUTICS AND SPACE ADMINISTRATION

TECHNICAL REPORT R—100

44

189} unJ-WNYIY {J¢ NOILVHADIINOG))

‘80AIND 4 puv *¥N (q)
W

vl £l 2l Il 0’ 6 8’ L

0
Q)
- il r - 0 .
\.QQ\ \1‘.‘1
\ 9
I .
h.Q.U\

v

9

8

=
| 01 4y
L1
7
2t
-
>

L QOIXtl

(*sayouy u aIv uaald suoisuaMI(])

o}

adeys Lpog (¥)

[ Y PRV

a9 | 22 | o | oou| ece | wwe | voo | vos
% | /%% % /5 p/V1| o/M1 |87 o/
dy/x
6 g L ¥ g v ¢ z 0
(o) ‘
2
v
\\ .
\ w
// —
M m.
<
~L
N
//\_\ o't
oz £r'6

&4




Downloaded from http://www.everyspec.com

ey e s < A bt e+ 2

*189] UNS-WNIaY Z¢ NOILVYADIINO])

“SoAIND 07 puw *YN (q)

(‘sogout ur 918 UIA1? suorsuswiiI(])

advys Lpog (v)

BSOSO . R i T .- e

42}
Z
)
= W
@ vl €l 2 't o'l 6 9 z
m . 0 S | 69 | €2t | 9ue | o0 | 106 | 809! 9%
7]
@ % |/ %" % /%] o/ | o/M1 |/ M o/t
& —~o— 4 | ! W
m B ks e s 01 6 8 L 9 g v 3 2 ! o
m / QQ\ @ (0)
= — 2
fxe
& / /
= 2
4 \
& £
. . Y
o / t
m k.QQ\ \
- v .74
& \
M (o] 9
o \
M vV
(=] 2 \\ 8’
by
3 L~
m v " ol
& . gt
< 4y
P
o ] 9
z ~ R —
)
— L
m \\ PR— m o
9 L] $2°01
3 .
=) GO IJ
© \\ 0101 o Al e
9 I



Downloaded from http://www.everyspec.com

TECHNICAL REPORT R—100—NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

46

e e b s ML L am s o s ek ke ot ae ——_

(‘10110 Uy £jqeqoid st pus 18y noad osye st
1'I=Jy 9408 g¢ UOIRINFYUOD JO JUDIDLJO00 FBIP Ul 3SBAIIUI PONUIIUOI YL, "OSII IDILIYD [BNEN JIOW BY) PAMOYS PUB HE O} JEIUS §1 9¢ UoljBInFyuoy)
"PaLIngdo Afj8al 3t ji [Bnsnun apnb aq pnos pg uoBANZYU0D Jo 95l FeIp 218] oY) 2duls pagrisnf aq 09 swdes sy ], ‘ejqueduiod ate sasul FeIp L[18a oY)
pus® s[aa9] druosqns ay} uay) !GO0 =Jy MOYE [y U 10111 Ul I8 $E UOIIBINTYUOD JO VIEP I8Y) POUINSSE ST J1 Ji ‘IIA3MOY ‘BNOIAGO SI dWIES Ay} J0U 18 Loy}
J8YL,  Cowey 8y} 9 PNOYS sUOIBINZYU0d oMy asay) Jo sBelp atnssard snyy (g uoreIndyuod jo o[8as I¢ [Jpowt SIY]) s} unS-wnysy !gg NOLLVEADIINOG))

'SOAIND U7 pu *¥ A (q) ("sayouy ur are uoald suosudwi(y) -odevys Lpog (v)
w
vl €1 [ 1"l o'l 6 8’ \..O
@ 20’ 42 9've €28 02 oIy o9 9t
% [ "Y/Y|" % /%) o/1| o/*1 |o M| o/h
!
k~\._‘
[e}] 6 8 L 9 g .4 € 2 | 0
(o)
z
o
S e S
+— 7 e
44,/ \
¢
T /
\\ 0, v
o
1, / s
R 9
RN /
¢
,/ e
: 9 q A
7
14 A 0
_ — —
| o wop I
4 -+0¢
"1 L
| «02! _ .ﬂ
| Pe10E°2- 6811
L T e . — g0Ix2I 7 St
_ 65'vi

P

VS




47

C1F Amc D) T)R3) 1I¥I0L ¢ NOLLVHADIINO)

Downloaded from http://www.everyspec.com
COLLECTION OF ZERO-LIFT DRAG DATA FRCM FREE-FLIGHT INVESTIGATIONS

Soadn ) puw P¥Ar (q) (sayaur up oan wamd suowuomicp)  Codeys Lpogr (v)
E -
PN 'l gl vl £ [l i 0 6 m.o <0t eg’ 9've €28 | 002 ore o1's 9%
@ NI i 70 4 i 7 Wi i W AN W sk B st W o
r 4/x
o'l 6’ 8 L 9 1’3 v 13 3 _. 0
— ¢ - 4o . (o)
iay - i i ¢
7 % \ 2
"1
— / v
1| y .
v St 4 4 &
4 - \ 9
7
s \\
0 AN 7 g
/ \\
102 N ol
| ]
]
1A _ﬂ 860€L
L1 L .
] | — ob % 86065
L * —t
4+ o «02! M M “ \‘ ‘l ~-wop G 0t
po1 GyI” St
6
e
9008 Ge's




Downloadg_d frpm_ http://wwvy.»everyspecﬁ.com»

TECHNICAL REPORT R—100—NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

48

'l

*1897 und-wini[ay {Ggg NOLLYUNDI4INOD)

'80AIND 0 puw *¥y (q) ('soyour ur alv uoAld suoisuawi(]) “oduys Lpog (¥)
W
£ 2’ il o'l 6" 9’ Iy
0 of '€t (o] 01l | 02°0E | vb'E | 862 | 20'9 | 2€'6
% "™/ ™% /%] o/"1| o/*1 [o/*tM] s/11
5 > " . Lyx
o1 6 8’ 'y 9 1 v £ e’ |
\ FA) /
P 5 / [
,K.QQ //
| : \ /
9 N \
L \
] AN \\
\\ oy // ‘\
\\\ ol
] 66°¢l
()
90Ix2I

19°0t

P T T

&4
9




Downloaded from http://www.everyspec.com

i o kb et

49

COLLECTION OF ZERO-LIFT DRAG DATA FROM FREE-FLIGHT INVESTIGATIONS

*gaAIND 47 puv *¥N (q)

C1¥ "8y 90g) ‘15071 194001 (gg NOILVHODIANOD

(‘sagouy ui 948 UaALd suotsudwi(f)

‘adwys Lpogp (w)

w
i 2! L LA £l 2 H ot 6 mwo 200 | 2¢ | 9ove | 925 | ooz | osb | 0§'9 | 0O'SI
(a)
%G | %% % /%) o/ V1| o/ e/M M| 8/
I L1/ x
01 6 9 L 9 g 2 € 2 ) )
L1 - (0)
aad ” —t—) - a4 2 _ _ a A \
409
1 @ dz
L ¢ AN SUN S - J _ o -
e
—
P — ] 1 :i;\ ~ RE Lo - \ v
,ﬁ.a v T 4
2]
.
g v
AN /
0] // \\ 8
N
02 o1
\\
| L
\
\
] o % 19
o= e —
= { I
\.\ 09 «021 II—?m%
- pos g1 ” «Sb I i
Ga'-=% L e
90IxX08 _




Downloaded from http://www.everyspec.com

NATICNAL AERONAUTICS AND SPACE ADMINISTRATION

TECHNICAL REPORT R—100

30

*SIAIND 4)) puw *dN (q)

*389) UNF-WNIRY (O] UOIBINSYUOD 0} [8I1}UIP] SIJUIPIO [BUOISUIWIPUOT) L€ NOLLVUADIINGI)

(satpoug ug adv woald suotsuswiy) Cadeys Lpog (v)

o £l 2 " o1 6,

(a) +09 o |eeai| 9¢e | 8¢ | wz | 159 | 801

% | "%/%|" %/ %] /%] p/"1| o/M1 oM o/4
}

L)k
ol 6 g v 9 g v ¢ 2z r
ﬂ (D)
2
1'a,. [y \
\ /

o

269

‘Qz

[o]]

g0Ix 2|

&4

o't

Beass daamtes ane i




Downloaded from http://www.everyspec.com

o1

COLLECTION OF ZERO-LIFT DRAG DATA FROM FREE-FLIGHT INVESTIGATIONS

(‘Beap omssard 10ays 03 AP 10U S N Bvap uonjoury joayw usa ayidg)

SAAIND T puw *¥N ()

[
S i <t F4 1"l ol m.o
{q)
.
19, /
LS \ m
Lay

b

0
o2

|1
B
\
L1 ]
\
|1

g0 > 00i

(‘soyaur ut aae naa1d suotsuawi(])

o]

‘aduys £pogy (w)

saE ¢ .
1893 1941201 I8¢ NOLLVHADIINO])

ot 'Ll

Ge’

vel

96t 2L2 | 08¢

25’9

6°¢t

%

/%

ouly /%

/% p/"1 | o/™1

!

o/

Lyx

(o)

-\

€99

&1

o'l



Downloa_ded from http://www.everyspec.com

TECHNICAL REPORT R—100—NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

52

*1$9) UNF-wWNI[aY ‘6€ NOLLYYNDIINO))

*S0AIND 9)) pus *¥N (q)

(‘sayour ui ale UBAIS suoisudWI(])

“adeys Apog (v)

W
£1 2l it o'l 6 8 Lo
&2 o | ot | ooel | ozt |osz | ooz | oou
0 | roup /e \rou fa| 0w [l o /¥y | p/My oMM o/
== \.Q..y\ — ! 1/x
ol 3 g L 9 ¢ v € 2
\ 29
/ \
lk.QU\ 4
N
N N
N
o //
N \
2 // \\
,\X
v © I~ ]
.02l
oy ol
A > - -
e
8 v22
902
(q) w
901X 01 )

ol

¥/




Downloaded from http://www.everyspec.com

53

m "3893 Jarp01 {(Apoqianye otjoqeied fsnipss go'g £q juswiSos orjoquisd ojur PaIBy £C°0 ==y /4 Suraey asou Jvy) OF NOILVHADIINO])
m soAInD 9 puw *¥N (q) (‘sayoug uy o1w uaAlf suosudunl(]) “odwys Lpog (v)
m Gt Al el 21 W

1l 0l 6 g LU 9 - -
m . 0 ol 6! on 00've | GE'S 1871 oL 1
2 9, i 9| xow,
& 0 - 1 i 8| "/ Y% /%] o/71 | o/%1 | oM o/,
3] - - - v ,

#'a L— vr

m 2 | o1 8 5 9 g v’ 3 2
=3
; / , ,
=
E —
g o
2 % +
& e
] v
< <1
g - o
A | . <J ]
P m S
=] ~ v
b 0 -~
-
& p— : L1
S | F ares
= — 02
: 1
5 1
N —— oY %y --pos 20°¢
=]
E
3 09
23]
e
9
o 90IX08

e A . e b s v Ty et A= g o pen v s w u e e L e s -

&4

ot



Downloaded from http://www.everyspec.com
TECHNICAL REPORT R—100—NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

54

Uy 0 Ue T e

RNV SV NP XSS

“159} Ja00d ¢ (Apoquays ojjoqesed ‘quawBes ojoqeand snid yuswBes [wo1Ioydstay JO §ISISUOD IBOU) [ NOLLVENDIING,
bl (AF JB o1joq | 801 q J 1 D

*s0AIND 47) pus *¥N () ('sayour uy axw uaA18 suosuauwil(]) odeys LApog (v)
W
Q9 e v e 2 v o1 6 8 L ol 6" | o1 | 2wz | se's | s6'1 | ogL | ofu
il %9 |/ |k /| o/71] /M1 | oM o/
- - - =3 = = v Ly/x
1'09° A o'l & ©® L 9 & ¥ ¢ 2 0
| ‘ ©)
2
/ ¢
\\ £ h
v
Yy
204
& AN N \
] 9
é ~N
\\\ [ &
— \\ D.
1" o N
™ L~
0z : ] | o1
1] T 69'S J
v\\;\\.\\.
L 201300




Downloaded from http://www.everyspec.com

SOAIND Ty puw *¥Ar ()

(a)

1oy

2 ay

8 o,

[o]]

COLLECTION OF ZERO-LIFT DRAG DATA FROM FREE-FLIGHT INVESTIGATIONS

9021

ol

189y und-minnay fzy NOILVHODIINO])

(SNAUT UL 2a noAtd suoIstiop)

aduys Apogy (v)

0

0952

%4

20¢

[39]

%

.681 \qw

o'l
ou, |

/s

h\.\c

e/M

h\‘+3

L1/x
¢

188

o/4

- m\\\




Downloaded from http://www.everyspec.com
TECHNICAL REPORT R~100— NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

56

e e e e e A A P i i w R = hmewies L mees RSP S AP R PRSOIRES SEY B

‘3537 103001 {(£poq1a})s pus osou djjoqered) g NOILVHADIINOD

‘saAInd 4 pus *¥N (q) ('sayout ul a1v uaAld suosuoury]) odeys Lpog (v)
W
Sl vl €l [ 1 o'l 6 8 L oo .9 e | on |orzz | ses | o2 e | s
(a)
. % |/ /%] /%] o/"1 | o/*1 |6/t o/11
I = : C ! 1y/x
1% / o1 6 8 L 9 g t € 2 | 0
()
\\ % \
z
L~ £
fr—"1 \ v
T4'09
N Q. / / \ &
B 9
= ~
=] ol 02 /
L1
— \.\ 8
"1 ov o -
\\\ S o1
*h 60°56 —
09
. @
1971
erov
<b !

gOIX00! —\l . L oz ol




Downloaded from http://www.everyspec.com

57

382} unf-wmPy ‘§F NOLLVHADIINOY)

*SOAIRD 47) puv *¥N ()

(sayour ut 94w uoAl8 suowusuiy) caduys Apog (v)

COLLECTION OF ZERO-LIFT DRAG DATA FROM FREE-FLIGHT INVESTIGATIONS

N
vl £ 2zl r ol 6 8 .
0 «0' o | on | osoz| see | ssE | sbL | s
% |/ Y| /% o/ 71| p/M1 e/ o/
L )
i 44/x
N ol & g L o g v £ 2z 0
) . \
. /
kQQ, a, B \N.
) \
\ v
b /// &1
) o
N
N
N
o ) N .
N V\\
(0) I~ |1
- — v ol
I P \\\ o, B
—a \ w
L >
\
\
1 8 oLL
(a)
90! x 0|



Downloaded from http://www.everyspec.com

TECHNICAL REPORT R—100— NATIOCNAL AERCNAUTICS AND SPACE ADMINISTRATION

1803 joy001 {(Apoqrayye onoqered {sjuawmBos djoqueied pus [BdLLYdsIUIY )M 950U [BIIUGI) G NOLLVHNDIINOY)

‘WOAIND 9 pue PN (q)

(*soyaur ui o1 usArd suotsuswi(|)

-adeys £pog (%)

AN A N X S U N s g8 L % X 6 | on | oewz| s | @z | e | e
@ % | "/ %%/ %| /% o/ 1| /%1 | oM p/1a
- | - i
— —f—=i= bl I L/x
19 A o ol 6 L g g v 3 2 {
/ (©)
/ ¢ I
’ N
£ h
\N\ v / \
\ Sr :k.Qb /l &
- ~N
L1 /
P o ] P4
T
— =] ov 10'96
= - pos 20°¢
oy,
0 “obb
08
rlmL mu.-Llo
¢ _uﬁw
401X00! fm




Downloaded from http://www.everyspec.com

B e T e U U O TR

2]
N . ¢ .-
1§91 19)00a [ (Apoqaaiye otjogqrard ‘spuomTas E ;

m (Apoqaaiye arjog Mawdas atjoqered puw |gortoydstway s 9s0W) 9 NOLLVHNDIINOY)

& SIAIND Yy puv YN (q) (‘soyout ur aaw uaald suorsuow(y)  adwvys Lpog (w)

g

B o . . w

m 9’ Sl vl €l 3l Il o't 6 8’ L

W @ [] ol 6l° o't orse ses | 622 09¢ 09°L

z — - r L % "/ %|" v/ /%] o/%1] o/Mi |o/"*+M] 0/4:

= 1= = = p— (

19, ] e

m 2 VA e o 6 8 L 9’ g \d € 2 1 0
B \ - {0)
=
2 b

b= _\ ¢
4 €
2 {10,

>4

[ v
- - v
M - -4
=} ¥
mm. 02
o )
i — /]
: — @

1" o

5 —
Q [o}]
& 09 W
S
M -Po2 G9'2
o o8
Q
-t
3
2 IX00!
= 90
|
Q
O

S i v e v e e s e e



Downloaded from http://www.everyspec.com

TECHNICAL REPORT R—100—NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

60

1899 ja001 ¢ (£poqiayye snoqered {quowdos ojjogured Jo s)sisuod asou) Ly NOLLVHNDIINOY)

*BOAIND 4)) pus "N (q) ('sayoul uy a18 udAIS suosTAUI(]) ~odeys Lpogf (®)
L
gl vl €1 A vl ol 6 ) L
@ 0 ol 6t o1l | €62 | €€'6 | ee2 99°L | 99
B — %G | /% /% /%] o/%1 | o/*1 |/ +M| o/
N Ao - 3 r 1/x
gl
/% ol 6 8’ L 9 S L4 € [4 | o)
(o)
\ [
\ N
/ "
W v
- 14 / r2
| “h--409
o
\\ S
-
P
02 ol
1
| ——1
——
\\
—— oY
\\
09 *y
[0}
901%00!




Downloaded from http://www.everyspec.com

RS

61

COLLECTION OF ZERO-LIFT DRAG DATA FROM FREE-FLIGHT INVESTIGATIONS

1891 unJ-wnipoy

*(s19pown 989Y) Jo $AIPOYIAYIE WO SUY JO UOHNGIIISIP B8 | IRV Jo [vaowar up £juo gg pus G suorpenFyuod woy sy Apoq) 8% NOLLYHNDIINOY)

"SIAIND T) puw *¥p (q) ('seyout up oxm uoalS suowuawi[) adeys Apogp ()
w
£l 2’ " [oX] 6’ 8 h.o
62 o] (eM]] 92¢ | 2Ll 00’9 el 6°0l
I i 744 it o it 2 WA A W A i 2 B
Lv" - v L1/x
1 e e e - o1 6 8 L 9 g v € 2 { )
;\.Qb et
\\_ D - — \
\ i (i
_ Y /
Y
1'0,_ y
7 \\ / / "
v / \ &4
, \\ .
P
> 8 8
\\
e ~
o, .
v o1 %y o
] 2
.\
(q)
90IX ¢1

e s ———




Downloaded from http://www.everyspec.com

TECHNICAL REPORT R—100—NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

62

-3899 unS-wnipey (8§ uonvIN3yuod Ioj 3jou 23s) (G UOlBANZYUCD 0} [¥IIUSPL Apoq yya Apoclay)e pus asou dfjoqused) §f NOILYHADLINO])

*30AIN0 4 pus *¥N  (q) (‘soyout ut alw uoald suosudwy()) ‘oduys Lpog ()
w
£l [ 'l [d} &' g b.o
o£'62 o} o'l 0G°GE | 8L 0'9 8L°L | 06°1)
% /%% /B /Y1 o/ MM o/
| dy/x
3 D e S S dhe =i o1 6 8 L 9 S |4 £ 2 N o
R <
say / r
z%
1'0y. | \ \
/ \ /T
: /
S / .
v // o/
9 \\ 9
74
P 8 / : /| 0
L~ L~
(o)
\ 01 %y el 0t
.~
\
e 2
(a)
gOIXP!




Downloaded from http://www.everyspec.com

ks

63

el

*3897 unF-winfjay ((8F UoIpBINBYUOD 10 2j0U 338) 6§ UolBANIYuU0d 0 [BI1IULPL Apoq YIM Lpoquolu pue ssou ofjoqeied) 0 NOLLVHADIINOD)

‘E2AIND 0 pus *¥N (Q) (‘Fayouy uy aav uaAld suosuowi(]) adwys Lpog (®)
[ 4
2’ "1 ol 6’ 8’ L
0 €62 | O | O | G | 81 | 09 | 822 | sn
% |/ "/ /% o/ V1| o/M1 |af M| o/t
t [3724
G - — - —d o]l 6 8 L 9 g 4 3 2 f o

&/4

»; .
= o 021 o'l

L 81Ll

al AN

(q)

COLLECTION OF ZERO-LIFT DRAG DATA FROM FREE-FLIGHT INVESTIGATIONS

SOIxp1 252

—3

591396—61



Downloaded from http://www.everyspec.com

189} und-wnyay {1g NOILVHADIINOD

.m ‘SaAIND 47) pus *¥y (q) ("soyour ui o1e uaa1d suosudwi(y) -odeys Lpog (W)
& W
m £l 2l Il [oX] [} 8’ L
@ o 86 0 ol Ob’bE | BE'P | 20'C | 082 80°11
z
g %B "/ V"% /% o/%1] o/"1 | oMM o/1a
m > ] d/x

p——
o M“ yaull o 6 ) L 9 ¢ v € 2
=
w ] [
.D 139 ~ 4 /
g =
] r €
3 \
(=] A\
<
v \
= \
e - el \
=
< —pe =
S \\ o \
) - R N V
«
' I _ \\\ ]y, // \\
% L~ ol ) e L
ﬂo L~ <021
~ \ / 29°'91
M () )
o . - g0I1%21 <
A4
= = - - - _
&~
!
m S

. oz'¢el

- S _
4
w —!m._L mo...ﬂh|40
@

64

w.ﬂ#r

PUNSUURIP UP S

&4




Downloaded from http://www.everyspec.com

B O S U D

65

"3501 993904 {(Apoquaye ajjoquesed {sjusmTos orjoqered puw earroydsiway Jo sysisuoce 950U) ZG NOILVHADIINO))

2
Z
S SOAIND 9) puw *¥ N1 () ('soyour ur are uaa1d suosuow(]) ‘adeys Apog (w)
>
- w
g 9 gl il £ 21 rl o'l 6 8
M ) o ol 61’ o 04'Ge | €e'¢ | .62 6°L 6L
M
e % "™/ %™ % /%] o/ 1| o/M1 || o4y
= - - -
N 1
] a9’ v
w 2 I o'l 6 8’ L 9’ g v’ ¢ 3 I ]
1 (o)
) .
i ¥ w
2
—

1£'05 . L 2
g -2 N
= —1
& ] v
3 ]
m v N &1
P 02
& et AN /|

"1 h

A T ov L g ¢
” l—1 // Pl
= ¥
3 ]
& 09 ¥y L- T o
2 LI6G
& [
~N
<3
B o8 ---P0s 222 ¢
4
=}
) 901X 00!
Q
2
]
)
Q
o




Downloaded from http://www.everyspec.com

TECHNICAL REPORT R—100—NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

66

€1

*q89} ung-wni(ay ‘gg NOILVHADILINO])

‘83AInd 4 pus "¥N (q)

2%

@)

el {e]]

o'l

(*soyour uy ale UIAIS suolsUIWI)

-aduys Lpog (8)

<8 | o |on | 61z | oew | oze | coe | 008
% /%] /o] o/71| o/M [P 8/
Ly x
6 8’ U 9 g v 3 3
N\
N
N /

(o)

[ o4

i

B



67

ek e

Downloaded from http://www.everyspec.com
COLLECTION OF ZERO-LIFT DRAG DATA FROM FREE-FLIGHT INVESTIGATIONS

b e o Ak e oo e e < et A e S 23

*189) unF-wng(dy (4G NOLLVHADIINOD

'SIAIND 4 pus *HN (q) ('seyout uy aae uaaIB suosuawi(]) odeys Lpog (®)
W
14l €1 g [} o) 6’ 8’ L
- 0 56 | 86 | orgz| vve |99 | 08 | o8
: ey 1 -t % "/ %/ /5| o/¥1 | o/Mi oMM o/
——- — o - Lyx
49 ( o'l 6’ 9 5 9 s v £ 2 B 0
] @
. A 2 QQ — -
. \_ - - \ I
N.Qb.
- [
v &14
v
L1
\ 9
\.\
B el oy,
—_—
L1 8
L
41 ) -

[-lolp e ]]




Downloaded from http://www.everyspec.com

TECHNICAL REPORT R—100—NATIONAL AERONATUTICS AND SPACE ADMINISTRATION

68

vl

UV PPV UIISI PN EPEP. SPISISSEPUIPVRS S SRR S AL S S

*183} uUnB-wnIPY (GG NOLLVENDIANO()

*‘80AIND 4)) puv *¥y () (‘sayouy u a1e uaAld suosuounyy) -adeys Lpog (®)
w
€ 2l I'l [¢}] 6
° ©Ov | O |evb | €92 | ov | ov | o8 | 08
- z Y RS S % | "%/%| "%/ % /%] p/%1| o/%1 |67t M| B/
. v h/x
1% 0 6 8 U 9 g v’ ¢ 2 '
- - %
z
k.QU ’ o
\ln.
0 // /
A
—2 / \
// \\
‘ ' AN A
P ," ‘, < 7
e S <
; (0)
i B N AN TS N T O ~ \
R \\ J I v-v 01288
20~ .
\\
SR S GRS SR =t (SR S S 101 . 2z -2k B
I vwm.--v/twﬁ
R Favw v
B oz oL Py 808, |
/; o' - \4\ 26
I 00l

e e e s A e s A

&4




Downloaded from http://www.everyspec.com

69

COLLECTION OF ZERO-LIFT DRAG DATA FROM FREE-FLIGHT INVESTIGATIONS

I

€

*3803 und-wni[ay ! (£poqiarys pus osOU [BIIU0D) 9¢ NOLLVHADIINO])

*89AIND Op) pum ‘YN (q) (‘seyout ug aiv uaAld suosudwK(T) -aduys Apog (m)
W
21 Il 01 6 8 L
. 2| 6 | o1 | seog| 00's | ooe | oos | 00
% "™/ % /% /G| o/ | o/M1 | /M| o/t
I’ 1y/x
o - -4 o1 6 g’ v 9 g v’ ¢ z i 0
™ r
\.QU ’ o {o)
+ 29 —
k.@,\V\\
— 2
¢
b
14 // 14
9 P \ .
// S
8 // o
AN 8
\\ /,
Vi (o] // 01
\\ 02!
\\ ay, _ o8l
wx . 2
T n —
. \\ vl 8c2
L rr4 S.Ld
m._&~ m‘_f 9
901X9i 8



4

e

Downloaded from http://www.everyspec.com

TECHNICAL REPORT R—100—NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

70

S 1
959} und-wnjay ! | £poqial)e [Boruod “|I>4~|~.~|5Hm~. ‘asou | yg NOLLVHADIINGD)
\z/1 g
*saAdnd 4 pus ¥y (q) (‘sayour up ote uaald suoisuawil(]) -adweys Lfpog (®)
6 8’ \..o
YA 61 011 G0°LEe [028°] og o8 o2l
%B | /Y% /%] o/%1| o/¥1 | oMM /4
b 1y/x
1 1 ol 6 8’ L 9 ) v € 2
(o)
A
¢
v ™.
8 N
~N
\\ /
A o /// /
N /
21 ¥y /r
=021
o8l
14l
g0Ix9l 8e'e
A Sv
e oA

o v e e



Downloaded from http://www.everyspec.com

SN

71

COLLECTION OF ZERO-LIFT DRAG DATA FROM FREE-FLIGHT INVESTIGATIONS

£l

2l

N
189 ung-wngay uAhvofoCs [8o1u0d mAHINPLv 1-F00 =0 J19YM ¢;lilg N:ls\r

*89AINY 9 pus "IN (q)

(q)

o]

21

14

90IX9

2%

o}

('sayour wr 918 U9A(S suolsTaWI(])

. |

1 F

‘UPuLIPY] BOA .wmonv 8C¢ NOLLVHADIANO))

‘adsys Apog (w)

2€ 6" | o' | se8e| oo's | ooe | o8 | ol
% | "™/ %" | /% o/V1| o/M1 |o/7M| /11
4/
6 8 L 9 g v € z
[{)]
BN
/
- /
N /
B N f
0021
/\ ~| ol
g2
i - oSb
_LL R
Iw

ol

&4

391396—61——8@



PPN J PSSP

*4893 ung-wingey ! (£poqial)s [821u0d {asou dfjoqered) (¢ NOLLVHADIINOD)

Downloaded from http://www.everyspec.com

m 'HIAIND 4)) pus ¥y (q) (*soyaur ug 018 usAl3 suoisuaun(y) odeys Apog (®)
=
- w . ,
B 2 r o'l 6 9 L .
@ ) oC'€ el’ [oN]] ov'8e | 00°¢ 00'e | 00'8 | 0O°¢l
v (a
m e T % | /%% /5| p/71| 8/*1 [ a7t M pfh
CH. T i :
’ ) 8’ A 9 g’ v € 2’ ]
8 | pal - yy ) - ol 6
< S
40 (0)

@ 7 ﬁ N\ 2 b \
a ! .
R : /i
a | s e /
Jof.
m S g _ |
0. . S ﬁ\ - D S k4 e — M4
] I /
4 L M. 5
< — — 9 ~
=
= [N Y T N S TS A N ]
S ™~ I o .
“ - - 4 // . \
% S S ‘l/ | \ 01
T 1 Sy
a ay, e / S o8l
& /~\ P
g L 2
o !

,
% \ e . R 1 4] Lo
8 m
) 1 - ‘ L 901x91
B L Lo - a0

72




Downloaded from http://www.everyspec.com

s . of (M1 A
159} und-uinijay .AAqml~v 1-S00 =9 a1aM P uls £/ - S uls Z/f — P\ kﬂ"% ‘o8B A~ ‘ewocv 09 NOLLYHNDIINO))

SIAIND 97 puv rEN ()

('soyoul ur o1 waAIf suouswi(]) odwys Lpog (u)

. w2
} M w
m €1 2l rt o1 6 8 L
i & q °
| 2 {a) | B i _\5\ - 02'¢ 6" | o1t | ersg! oo ozl
m _ % "™/ %"/ %] /% o/, 2/t
: ’ z 1
i & — - LIIT\\ » o'l o
| . _ 6 8 L 9 g v £ 2
CON Ly T
[] o R U
® — e - —
2
= —
& £
=
o
=
F —
v
&
a ° ]
S
m L
3 - m BN
: aui T -~
m ;VA(I‘ —+-—0l A
] I |
e T A
o \ +’
) e . 21
g 7
3] v - .
[&]
m \ - e !
5
S ! - Ir;‘ — b oSt
A S SR S ‘L _ N \A%WO_XW_ ‘Im_L - R

T b e Mot dm —xop v+ e

o't

-4



Downloaded from http://www.everyspec.com

TECHNICAL REPORT R—100—NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

74

[V VT SN SE

‘3593 und-wngay ¢ A AUVNR .wmc._v 19 NOLLVHADIINOD
sie\ T 4

‘SaAInd @) pus *¥N (q) (‘soyout ut 318 udAlB suosuauri(]) ‘oduys Lpogy (%)
w
€'l 2l 1" 0} 6’ Q9 s.o
@ '€ 61" oIl | #228} 00S | 00°€ | 00'® | 002l
[ S N R i A R A N % | /% %% /o] o/ o/%1 |8t M] o/ |
—t— Rl e o " [
g - [ SN N . ] o1 6 8 L 9 g 2 € 2 v 0
\.QU\. | —1 — (9)
\\ . 2 QU -

2

T TR N /T 10
jEsuEniREnn Ny yunn
S TR N S D \\t]\\ I N /

. \\ . ~ o

02!
A *y — 8l

I I bod ™ TR

J s anersi



75

Downloaded from http://www.everyspec.com

COLLECTION OF ZERO-LIFT DRAG DATA FROM FREE-FLIGHT INVESTIGATIONS

. . of 821 _¥q .
189) unS-urntay ¢ AKV WU!H asou ) 9 NOLLVHABIANOY)
NT/ 8 g
‘S9N 4 pus *IN (q) (saoug ur aae uoalgd suolsuswil(}) odwvys Lpog (®)
ld
Il ol 6 8 I
0 ; T o TasT
oC'E 61 (oM} 864¢ | 00°G o'e o8 o2l
"/ "% /%] /71| o/M1 || oty
- - !
- ] Lix
- ) L 0l 6 ) . 9 g b £ 2 ' o
s'a, ;
./ A (o)
1'0, : I
-, / \ 2
FW.\K\ N - — - €
- 1 I 4
. b /
AN . / it
9 N SR S N N SN D N / :
N /1T
. Ll A
AN T g
\ B
/] -
v [e]] —+ 0l
—- \x e — &y e — 08—
v -— 2
= I
pd .
- !
T

I T | 7



Downloaded from http://www.everyspec.com

TECHNICAL REPORT R—100—NATIONAL AERONATUTICS AND SPACE ADMINISTRATION

76

€1

N
*489} und-wniey Amﬁofodz [BO1UIOD 4 %HW\. .omo:v £9 NOLLVUNDIENO))

an mae s e meeem -

1 +
*s9AIND ) pus *¥N (q) ('sayouy Ul o1w udALd suosuawl(]) -odwys £pog[ (¥)
n
2l 1l *X ».nv
@ o€ 6l’ ol Ov'8g | 00°G | 00'C 00’8 | 002!
% |4/ %%/%| /%) o/71| o/ [/ o/
N | 4/
- RN 01 6 ) 5 9 g v £ 2 5 0
a (o)
2z
i'o /
-~/ 2
—
— \
g \
il
. NG N Al
8 // \ 9
N \
N A .
ol BN 8
N \
L / 0o
\\ et W 02!
\ 8l
A vl
L~
4 >
I
901X9!

oSb

A et




77

B L U I ENTY S

Downloaded from http://www.everyspec.com

COLLECTION OF ZERO-LIFT DRAG DATA FROM FREE-FLIGHT INVESTIGATIONS

"1597 9a3901 { (Apoqiayye arjoqeied fwyuowiFos atjoqered pus [goproydsiwoy jo FISISIIOD 980U) $§ NOILVHNDIINO])

SIAIND 0 pus ‘YN (q) ('saqour uy oav waM3 suorswawiy([)  adwys Apogy (w)
w L 18" | on |809z | i5 | €22 | ors | ore |
__M. 02 6 8l X 9§ ¥ €z "ol 6 m.o Ty oy oy jrouy 5 oy ) oy [ oM T\vts_!n\b ‘
q '/ (A AGhL R/
= - - - - .l_ 1 . .:\k
1057 = . = 1 o] & ] L 9 S v £ ez r 0
\\ (0)
t - N g
i L+ 17" ‘ 2
‘.\l..\.\.\.\l\ - R o T I -
€
- +— 1t
4 Q.Q. 4 " - &/
v
0z N A \\ °
"1 /[ —
7 h — —t 8
- ov
1 =
_—
— o
| N ol
09
\\
b1 |
08
IXOO!




Downloaded from http://www.everyspec.com

TECHNICAL REPORT R—100—NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

78

S0AIND U) pus ¥y (Q)

W
€ 2 'l 01 6 8 L
(o]
[C)]
\ 2%
k.QU
¢
v
9
L
o 8
1 =l “w
— Sl ol
|
=
-l - gOIX2

ol

*1$3} und-wngEYy (g9 NOILVHADIINO))

("soyaur ug aJv UdAIF sUOISUIWIL(])

-adeys Lpogq (w)

o6 (o] o'l [¢])8741 28'v 8e'e 02’8 €601
% | "™/ "%/%| /% o/Y1]| o/M1 |o/P M o/
4a4/x
g U 9 g’ b g 2

(o)

Lk i s o e o

-4

FUCIIPUTpRSR—— S A



79

Downloaded from http://www.everyspec.com
COLLECTION OF ZERO-LIFT DRAG DATA FROM FREE-FLIGHT INVESTIGATIONS

187 jax0d { (Apoqrayr orjoquaed (sjudwdos ofoqeasd pus eaIodstUIay JO $IS1LUCD ASOt) ) NOLLVHADIINO)

‘§IAIND 1) pur *¥N (() (soyour up aIw waAld suotsuowicl) Cadeys Apog ()
w
22 12 02 &1 81 Lt 91 g1 %1 g 2l "0l m.o ol 6" | Oll | 692 | v&'G | %'2 |- €8 | ¢'8
() B | "™/ % "%/, /% o/Y1| p/%1 | oMM /4
—1 - - - _ _ .
= == r /¥
#'0y- \\ 1 0 6 g z 9 g e ¢ 7 D 0
(0)
29
\\
— 2
g.QQ\ € \
X \ v
v b -2
9
7
02 I /]
L NE )4 .
1 ob N \\
\\\ _— L7
- 01
1 —;’ . i
- (0] r 0g£'29
D
L] ~ -~ PoI 1l
\\




*389} und-winiay 49 NOLLVHABLINOY

‘s9AIMD 9 puw *¥N (Q) (‘soqour up axre woald suowuaw([) -edwys Lpog (s)

o£2 8¢0 26 9'92 | 90'¢ L2°€ | €€°8 | 206

%B | "/ %"/ /5| o/%1| o/*1 | oM o/4y

—g—c

(e)

&4

Downloaded from http://www.everyspec.com

TECHNICAL REPORT R—-100—NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

80

/1T
v // \\ 8
~ V4
I~ %
// \\
9 %y _T o'l
[ 3ad .
P i
o oo T — .
_ =
— GL62l
90Ix21 [
f oz28'¢l

v o e ep—————— <




Downloaded from http://www.everyspec.com

81

183 99201 ! (SU019998 [BOJUOD [1¥) 89 NOLLVENDIINO)

n
% BOAIND 4 puw *¥ N () (‘sotpour ut a1w noAlg suosudwi(]) -adwys £pogy (m)
-
& w
&) €l A Il o1 6’ 8 L 9’ S’ . N B
ﬂ @ o} oS'E 2 Sv's 06've | v2's oc'e b8 | vb'8
n
Q e S S - . - - %"/ %" | /%] o/ ¥1] o/%1 | o/t o/t
7 499 — I L1/x
T L~ O._ m. Q. . N . . . -
& ya L 9 S 14 € [ I 0
S 4 (0)
5 /
5 . ¥
7 1 QQ:-v\
/ N
[} - =] € \
et
g /
v
']
<] v \
/ &4
< Y
: o /;/ / 9
a
S m \\
- //
M 02 sy . 8
~_
m /
=
: —— ov o'l
o) ]
" T | “y
3 I — .
. v'6L
& - — 09
Z
5 .
B 08
&)
5]
€]
]
w 90IXx00!1

S e T [ ——



Downloaded from http://www.everyspec.com

TECHNICAL REPORT R—100—NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

82

*183) 194901 (Y NOLLYHADIINOD

'8aAIND 4)) pus "IN (q)

w

(‘sayour ur o18 uaAid suolsudwI([)

“odeys Apog (v)

e et R ta it e S e

61 81 L 9 gl AR A 21 i o g z 096 og" | v2e | ogszioey | 09¢ | €8 | S8
o s
@ %9 |4/ /% % %] /%] o/71] B/*1 oMM o/
—— - - 1 1 p
1 v 41/x
$0y /] o & 8 ) R 2 A o
(o)
/ T
A 2
1'0: 7 ¥ \
»
e
. \ &1
0 N \ o
/z
~N /
] e / .
= S // \\\
\
— e el | ov [o}]
- ay 068 -
\
— et 09
\\
———
L+ o8 dl.n.lu
T e GLpl
1 L-0e 8L0L
901X00! uh_hn_,_.l




83

183 903901 (Apoqiayye ofjoquind !suawdas sfoqeisd puw [wopraydsturay jo systsuoa asou) gy NOILVHODLINO))

Downloaded from http://www.everyspec.com

COLLECTION OF ZERO-LIFT DRAG DATA FROM FREE-FLIGHT INVESTIGATIONS

RAAIND ) puw *¥N (q) ('soysuy ut oum usA8 suoisuaun(y) “adeys Lpog (u)
W
Sl vl €9 4l 1 Ol 6 8’ Iy . .
0 ol 6l o't 08°92 | ve's or'e s'8 S8
- . e 1"/ "% /% 5/1 | o/% | o] o/t
3 o ~ 5 — v 4fi/x
2 01 6 8 . L 9 s v £ 2 I 0
yi (®)
1 @9
1'g5"’ :
¢
b
14 // \\ -4
=1 h ¥
o
\\\\ ~N
- ov 8
1]
\\ ]
09 %y o'l
o8 .-Poi Q0’|
90O




Downloaded from http://www.everyspec.com

TECHNICAL REPORT R—100-—NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

84

*g80AINO 4 pus *¥N (q)

*1597 19904 (T NOILVHAPLINO)

('sayodul Ul I UoAIB SUOISUIWI(])

U B O e PN VISP UPEARISNE PSS

~adeys Lpog (®)

% Y
g1 21 91 Gl w1 €1 21 1 ol 6 8 v 9 oov | og | 2s | orsz | e | 65 | 098 | 09’8
)
| esoq 9. w0 | /a 0w ] o /o] p/v1 | o/%1 | oM /1
T - - - _ ] - = - 1yx
ey o1 & 8 L 9 ¢ ¥ € 2 i
—] / %
— 7 2 \
1'dy’ e / f
0 \\
= o \
") 02 y
-
- \\ // \\\
- e ov AN Vd
\\ § /! \\
\\ FOH ™ Y
1 09
08
@ 901X00!

- /a4




Downloaded from http://www.everyspec.com

85

"1893 10301 ! (Kpocqaaye orjoquaed fspuswdas srjogered pus [wortaydsiway Jo sps1sU0d 9s0U) g2 NOLLYHNDIINO)

w
7
O
3
M SoAIND 9 pus "4y (q) (‘sayour ur a1v usAld suosuawic]) aduys Apogp (w)
B g . . w
) g9’ Sl vl €1 2l 't o)} 6" 8 L
W @) 0 ol 61" on £'l2 LE°S 82'¢ g9'8 s9'8
g | % _ 1"/ Y% /%] p/71| o/M1 | o/ o/t
T T' P —— ———
] A = - I 1/x
/%
g > /] ol 6 s y 5 v z r o
> / (0)
& z
& . ?
Fu L9y z
- ‘ /
o %
] A
& 14
- b \
m.m N L/ &4
a o} // \ 9
: ™ ’
) — 02 /// \ ]
m \\. /
=] \\ 1/
Jg et} ob ™ .
2 L+ L 6L%9 >
m \\_\‘ t&( _n ¢
iy ,-Pos OL°
o
Z
]
—
[
&)
K
-
=
Q
O

o e 4 ﬁ_..ﬁr

B i i s T T



Downloaded from http://www.everyspec.com
TECHNICAL REPORT R—100—NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

86

*489) unS-wn(ey g2 NOLLVHADIINOD)

*89AIND G)) pus *¥N (q) (‘sayouf uy 818 usAld sUOISUIWI(]) *adsys Lpog (®)
W
€l 2’ Il o 6 8’ ho
@) 06'9 €€’ 0% 882 | v | OV 18°8 19°'8
% |4/ /| o/"1| o/*1 | a0 o/41
O " ! 41/x
i -1 0l 6 8" L 9 S v € 2 1 0
N4 (o)
f 3%
k.@:\\ \
3
\\ \
¢ \
\ '
14 \; F )
0 3 9
/
/// )
2 AN \\ 8
N \
/l/ \\
/./. 1 .
14 o'l
UON—
oy 22l
9
]
=
- ol 8
]
<] 90IX0}

- . T - - ———— b

PRSI



87

Downloaded from http://www.everyspec.com
COLLECTION OF ZERO-LIFT DRAG DATA FROM FREE-FLIGHT INVESTIGATIONS

“189) jJaya0l [(Apoqlalys pur ssou afjoqeied) §£ NOLLYHADIANO))

‘89AIND 97 pus *¥N () ('soyour ug auw uoard suosuawi(f) Caduwys Lpogf (w)
W
o__ §1__ ¢l gL e 1o 5 8 £ 9 | o' | o1 | 9zve2| 1 | 82t | ie8 | 168
(CH
%"/ %\ /1| /M1 o/ o/
_vIII '~ - -— ey ' .
L —0 1 4/x
#99 A on & 8 I I 2 v
/ (©)
- F]
kain _
)4
€
v
1 <
v // /
. L ]
B
o N \
|1
e ™ - \
\\ /// 4
o ov %y
\\ _
1899
\\.\ Ihl
09
mm.n..h—.l v
sor08 . | Sb oger”

L.MEV _ 8v'09




Downloaded from http://www.everyspec.com

TECHNICAL REPORT R—100—NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

88

et e e e i s ik et v o a4 eend At e nd €ae P e s E dtad e e o hhen Bk

*1899 ja)00a ! (£po(13))8 puw asou dfjoquered) g/ NOLLVHADIINGD

‘saAIND d) pus *¥N (q) (‘soyouy uy a1v uaald suosuawyq) -adwys Lpog (®)
W
9% Sl b €l [l " o1l 6 8 &..o £8 | 61 on | veve| 821 | ere | 68 | 168
@ %9 | /%% Py /% /Y| a/M1 | oMM p/h
i e e S = P R O W : ”
10y \\ o 6 8 U 9’ G v € 2 " o
(o)
\
l.'._ﬂdu,ﬂﬂ \\.\ 7 e
A € \\
a 19pON — — —— 49" . w4 o
o |8pOW

v / |/ _ e

0 v 9

\\
— N 1
\\ ob -Q.( / \\\\ o1
] [ ‘oes
-
\
09 om.n:m"H
90108 _ _.n
ﬂN.nvl O.m..




Downloaded from http://www.everyspec.com

89

COLLECTION OF ZERO-LIFT DRAG DATA FROM FREE-FLIGHT INVESTIGATIONS

*1899 19004

! (5397901 1aupe)sns Iy Jo Furninglaiye 03 anp Lquqoid s[opotu JaquINU o8]y MO[ JO JUIIYI0D JO SSAULABM { Apoqio}Je pue asoul djoqured) g NOLLVHADLINOG)

*82AIND 4 pus *¥A (q)

w

("sayjaur ur a1y uaAld suosuswII(])

‘oduys Apogf (v)

202 e 81 s e s e s @ 0 o & e .0'9 61 | o1 | ooz | ses | 95€ | 158 | 168
@ % | "/ %% /%| *%/%| p/Y1| p/M1 | aM M p/10
t o - 3 In_”FIm =% |.|I“| T —— k~\\

=== oy Lo & & 1 9 & v & 7 ¢
. )
——— 19PoW y, 2 |@
T - — e -4 — \
1'0447
2 o \\
0
. N /i
.\.\\.\.\l.\.\l /
1 \
L T+ ™~ 4
Wi
e 4y e
09
108

/4

o1



Downloaded from http://www.everyspec.com

TECHNICAL REPORT R—100—NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

90

*989} j9%001 ! (£poquiajye puw asou orjoqeied) 22 NOLLVHADIINOD

‘S0AIND 9)) pue *¥n (qQ)

("soyouy ul a8 udAIB suosuawii(]) -odeys Lpog (w)

Lt 9'l gt ¥l €'l 21 " 01 & ow o201 | 6" | o111 | 2092 | 96c | s | 168 | 160
(@
B "/ /5% p/"1] o/M1 | oM o/t
4—0- - O Y O ]
= - —o—r v
10- \ ﬂl o1 6 8 L 9 g a € 2z I
y
-t =l A (o)
o W 2o
k.Qu\\
-_——
1] [
18poW
%
_ _ v N /i
N 7
o h \\
/ \\
02 ya
.\1\ I
L L~
\
A o -QE / \\
L4 18'99
] .
09 mu.n-Ll
y 600V
QO_XOO OO¢
| _ 8v°09

o

PSR




91

*359) un3-wnyjay ! (eson aroqured) gy NOWLVHABIdNO)
¥

R i ikt i e ok e e ten s

Downloaded from http://www.everyspec.com

'§9AIND T puw *qN (q) (‘sagour uy am U3ALT suoisuamI(]) ‘aduys £pog (w)
n
[y bl ' 2] 6 9 A
() e o0 001 o't o192 | 8L €L 16’8 16°8
NI i 7 4 e 73 e 2 A D s T
ﬂl‘ g e ] . 1 dy/r
K ot 6 8 /3 9 ¢’ -4 € 2 { o]
\.Q.Q ’ (o)

2% \

h.QQ o 4 2’
7 ] /
— 4 /
— 4 t
v \\
9 yd 9
L~ \\
] ] )
\
= o1 %y
\ \
] 2

COLLECTION OF ZERO-LIFT DRAG DATA FROM FREE-FLIGHT INVESTIGATIONS

90IXb|




Downloaded from http://www.everyspec.com

TECBNICAL REPORT R—100—NATIONAL AERONATUTICS AND SPACE ADMINISTRATION

92

e e ceeeamd e s eeie =S RN IR RSEE R S e

‘359) unB-wnyay (gL NOLLVHODIANOGD

‘SaAIND @) pus *¥N (qQ) ("soyaul ul a1e "aald suosuawi(l) ~aduys Apog (®)
. . 4 . .
€l ¢l L ol 6 8 ‘o <6z] o | ol |owse |81 | eve | 168 | 1678
w5 | /% /%] /o] p/71] o/M1 18N o/t
S T v ] L1/x
\.Q.u\ T ol & 8 L 9 S v [ A [ o)
a
2'a f
k.Q.UA,\ 2 \ 2
/ W
T ¢ /|
—~— o \\ 14
4 &/4
v \
\ 9
7] ® / \\
\ v
\ A .
] 8 /
e \
= (D)
v 2y, o1
e ol N
«021
>
2l
(Qy
SOIXPI

O RO T e St

R

R Thats w RN

i e tm v — T



Downloaded from http://www.everyspec.com

93

€1 <l 1l

*3893 und-uinijay ! (Apoqaaye pus asou o1jogqeled) g8 NOLLYHNDIINO])

8IAIND ) puw ¥ (q)

()

0l

(‘soyour ut o1 UoA1d suorsudun(l)

S

6/

(7]

‘odeys Lpog (u)

8Ll €L

e

_m.m‘g

%

xous,

/%

N 740

/" E\W~

oM o4 |

(o)

2 a9y

/4

01 &y

2l

COLLECTION OF ZERO-LIFT DRAG DATA FROM FREE-FLIGHT INVESTIGATIONS

gOIXp!

9e'¢!

oSt

o'l



Downloaded from http://www.everyspec.com

TECHNICAL REPORT R—100—NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

94

‘389) und-wnyay ! (Apoqiayye pus dsou oyjoquind) {8 NOLLVHADIINOD

"'$aAIND @) pus *¥N (q) (‘seyouy uf 918 uaal® suosuamyy) ‘adeys Lpog (e) i
w
£ 21 K ol 6 8 ho
(q) . 96 6% on L.4°14 8Ll €' 16’8 168
% | "% % | %5 /] /1 | p/M1 {8/ s/4 !
| 1 i
A 7 — - 9 -\k
10y ol 6 g L 9 el 4 € 2 l 0
@ (0)
/ 20 .
49 \ /| s
A P \\
1Y \ 74 ,
v. pd § t\. g
9 9 ¢
4 |
d m
\\\ 8 // g _
A :
[ N W
\ ol %4y / \\ ol .
L~ - w
[~
2l
gOIX ¥l

s,



95

*)59} und-uniay ! (Apo(Ia13¥ (81109 {asou atoquaed) gg NOLLVHADIINO)

*FIAIND ¢y pum YA (q) (‘sayour ur auv uaaB suoisusu(y) adwys LApogy (w)
W
€ 2l " 0l 6 g \..o
{q) 6 6!l on b2 8L gL 68 16°'8
% | ™YY "% /%] o/"1 | o/ M1 |p/PM| o1
== ﬂ.\v’. ; = =] | k~\.<
10 ol 6 g L 9 ) 4 £ 2 ] 0

\ (o)
-

a9 s

k.Qb\ . \

N /] "

Downloaded from http://www.everyspec.com

COLLECTION OF ZERO-LIFT DRAG DATA FROM FREE-FLIGHT INVESTIGATIONS

e miim c e e gt e e e e e - R e e e e .

A L~
) . // A .
= N \\
\

- ot oy ] —Jo

% sl o

] 2 1“

QO ._

844 vol -

8-ll
ghelg
8

581396—81——7



Downloaded from http://www.everyspec.com

TECHNICAL REPORT R—100—NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

96

2l

‘82AIND 49 pus *¥N (q)

ta)

k.QD.

9

NQ\(

Ol

2l

901X bl

(‘sjoul Uy oJ¥ UIALB suoBUdWI(])

*3s9} und-uingpy ¢ (£poqlaiys pue asou dljoqeled) g8 NOLLVENDIINO]

-aduvys Apog (%)

2280 | 60 | on | orez| ez1 | €12 | 168 | 168
9 (gl g iomou, Bl pfvy | p/Mr | p/VM| p/4
:\k
ol L 9 g v € z
(o)

9e ¢t

Tk

ol

o]

e g o v WV W



com

Downloaded from http://www.everyspec.

97

COLLECTION OF ZERO-LIFT DRAG DATA FROM FREE-FLIGHT INVESTIGATIONS

1S9 und-winiay ! (gg uonBIndyuon jo asoyy w

A 9 puw ¥ ()

B owss Yy L[108xa Apoqaayye pu

” asou jo IM000) 8 NOLLYHADIINOD)

(‘seyouy uy aum uoA1g suolsuouny(y)  -odwys &pogl (w)




+48y und-wniay (38 wonBINBHUOD JO 250U} 5B JwWes Y} £[po8xa APOqINjE pus Isou Jo IN0JU0I) G8 NOLLYHNDIING)

Downloaded from http://www.everyspec.com

100—NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

‘soAlIND d7) puw *¥N (Q) ('sayouy uy a1y uaA1d suosuaWi(Y) adeys Lpog (W)
1 .
21 [ ol 6 8 ho [
oL 60 (1] 98E | &P _ mw.vgl 168 Gel
11 | % |=/%|"/% :Ew\h /% | o/M |ofrem) o/41 |
— . ,\!illl.léi!\llT v 1y /x
-7 - — 0]} 6 ] i L 9 S v € [ 1

409! " (o)
Y

kﬁm.V\ \

\ o1 % rf, | / ]

. —
— L ] o f srel

TECHNICAL REPORT R—

98

G N B 2l

| L] o




99

('L¥ vonwandyuod os(e a0g  -feap oruosqns ySry pasnss fapowt jo 9981 181[) 159 unF-wnI[af 198 NOILVHADIANOD)

'BIAIND ) puw *¥ N (q) ('sayout Ut aaw uoald suotsuane))  Cadwys Spogy ()
.
2l )l 'l 6 g
(o]
«0f 800" | O£'8 | 0'82 | $8'GC | 82'C | €I6 €16
%Y [rowy/ty ey /iy /G| p/vy | piM lgfvem| /i
-
- —— 1t —F-4—" 0 e
N o1 3 8 A 9 g 4 € 4 ] 0
195
(o)
\ No
9%
2
179y
I T € ;

y/s j

ol

Downloaded from http://www.everyspec.com

o ﬂ@

N
—
“\

COLLECTION OF ZERO-LIFT DRAG DATA FROM FREE-FLIGHT INVESTIGATIONS

Si6°21 —
0l

019'pl _—— ._ .w

S R 90IX2I




Downloaded from http://www.everyspec.com

AL AERONATUTICS AND SPACE ADMINISTRATION

.

TECHNICAL REPORT R—100—NATIOX

100

*993) 10001  (Apoqialje pus asou ofjoqered) 28 NOLLVHADIINO))

"SaAIND 47 pus ‘4N (qQ)

(‘soyour ur aIv udA1f suosudwi(])

w
2 9l 4] vl €1 2t " Ol 6 8 w...u
(q)
o]
g'ay
- v R -
105 S v
- a9
S —— z
d'a,.

i ¢

0

02

\\L
o
\v\
oy
\\
skz
.\Xk\

09
- e 08
40X 00!

-odeys Lpog (®)

02 | ir [ove |oos2 | srs | eot | sce | ece
% "™/ Y| | /| 8/ ™1 | o/ M1 |a/T M| o/ 4
ku\k
o0 & 8 I 9 § ¥ ¢ z 7
(o)

[

+ e g v oy ey o 1 S



Downloaded from http://www.everyspec.com

101

1523 303904 1 (£poqa0yB puw asou otjoquand) §§ NOILVHNDIA NOD)

‘saAIND 9 puw 4N (q) (sayaut wi are woA18 suoisuaw(l) -oduys Lpogy ()

Sl 1-d] €l 21 n (0]} 6 g 2’ - PR P o
T _ - S8 | oLr t'9 | 09'82]| be'g ﬁo@v T.n.m W bS'6
q

o 1™/ /5| /s| o/ | e | afrem o/

. o . Ly/x
01 6 8’ L 9 S’ v € 2 I

I
|
80y

S Y O (o) s ﬁ

02

09
2y

s ol

e —£8'99 ~——

b L Jg0ixo0i

COLLECTION OF ZERO-LIFT DRAG DATA FROM FREE-FLIGHT INVESTIGATIONS
|
|
| i
—
|
P
|
1
\
!
|

- B e i e




Downloaded frpm http://www.everyspec.com

TECHNICAL REPORT R—100—NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

102

*980) 104001 ¢ (£poqroye pus asou dljoqeisd) ¢§ NOLLVEIDIINOD

*8OAIND 9)) pus ¥y (q) (‘sAyouL uf a1u UoAIS suowsUAWI(|) ~oduwys Apogp (v)
vz 0z 6 8 s 9 Gl _®__€ 2 10l & _ 8 ov% | GZ | ¥Il | 8808 | 009 | O0Y | OO | OO
(e 5 9 |ow,fa ) rou, [acl vout, JBl pfvy | p /Ny oMM p/1y
S v = = = ¥ Ly/x
)ay -] . . .
(o)) 6 8 L 9 g v € 2 r 0
(o)
7 A 2o

k.QQ\ 4

¢ \
1 t

v / wp
- ] — | -
- - oz RN e
L 1] /! A
] ov RN P 8
=
L] P~
: - o1
] 09 " 6I'b, [ 9
al TLUE._T'—
08
— - ﬁ : LOIX00!

ro i ot o




Downloaded from http://www.everyspec.com

103

COLLECTION OF ZERO-LIFT DRAG DATA FROM FREE-FLIGHT INVESTIGATIONS

FAID ) puu Uy ()

IS 900901 106 NOLLVHANLING))

(‘sorjour ur agy UOAI3 suaosuau )

“aduys Apogp (v)

962 L2's \mwhﬂ 001 4ow_

R AR VTP

S00VE9 VIVUN —

an.vr

vy

391396-—61——38



e e mieas Tman e bRk A e B ot B e e ol ian n it et s s B S SR bE S e satloe e ko

-89} 94904 ! (£poqianye aroqeied {sjuawdos orjoquiud pus [sopraydsiway Jo g)§18U00 8s0U) [6 NOLLVHADINOD

Downloaded from http://www.everyspec.com

TECHNICAL REPORT R-100—NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

104

‘saA1N0 47 pus *¥N (9) ("sayouy uf o1e uaa(d suosuawy(q) ‘adeys {pod (8)
; | -
L 01 6 8 L %0 oz 1 e | ou |ovwe| ors | 8€e | vG'Ol | ¥SOl
| [ 95 |owyfy[=up/ssim=ew/9%| p/"1 o/M1 | o/P| p/4 |
. 41/x
=== C ] ! ol 6 g L 9 ) v € z [ 0
h\ — 1 (o)
— 2
A o, ||| a, 2
—1 |
Sl i €
b
SEEREREEE : /l
R G 1 14 // 1\ 9
1 HREE B -
‘ \\ o /1 \ 8
I R S T N W~ N SN T N e
\\ ///
] e R e S A R R L | -
—t—t 7T 1T | 0&)\
T 09
—t—1— 08
| R I I L I R

JE At A

B S st



Downloaded from http://www.everyspec.com

105

1893 unf-umypay ‘ (Apoquoyye [8arIputi£o {esou ajoqraed) zg NOLLYHOB1ANO))

SIAIND 9 pum *H N (q) ("soyaur w1 agw uaAld suotsuow(r)  adwys £pog )

o
o
a
)
~

(q)

L1/x

COLLECTION OF ZERO-LIFT DRAG DATA FROM FREE-FLIGHT INVESTIGATIONS

"] A/ | oM o+

€12 [ go'0i [c00r
] M| e/
¢ z r




Downloaded from http://www.everyspec.com

106

TECHNICAL REPORT R—100—N ATIONAL AERONAUTICS AND SPACE ADMINISTRATION

3891 ung-wney { (Apoioys pus Isol stjoqeasd) g6 NOLLVHADIANO

‘s04400 @) pus *¥N () ("soyour uy arv uDAId suotsuau(]) -adeys £pog] (8)
vl €1 21 H o4 & 0 vs | e | on | osie |ose | €12 | €900 | €90
(a)
S I SN N w |/l meytes] /e o/v1| o/¥1 (A4 o/11

9

.:\t
I'e v ¢ 2z

= - - - ol 6 ) L
1 40— T T (0}

96°Gl

o'l

e e

e e e r——— A 4T T T e



107

PR

Downloaded from http://www.everyspec.com

1801 ung-wintpoy ! (Apoquo)yw pue ssou Noqesd) §6 NOLLYEADLING)

EaAIND 4 puw YU (q) (Csayaur ug oan oAl suosusu()) deys Lpogp (w)
0y . ;
L4l £ 2’| 1l ot 6’ 8’ L
[s] . s "
(0 o8Pl 6l o1l | 900t | os€ g1z €901 | €901
7a
B o 1™/ %s| /%] o/"1 | o/ [ofrm] o/21
S — . ) | $1/x
o) 6 8’ L 9 S .4 £ 2 ! 0
. (o)
409 4 e

[ A
/11,
b
S
.0.
N
A N 7
= N \\ 8
\\ // \\
- L] o1
2021 ol
L~ _rf 96'G1 o}
2l

COLLECTION OF ZERO-LIFT DRAG DATA FROM FREE-FLIGHT INVESTIGATIONS

§OIXt|




Downloaded from http://www.everyspec.com

TECHNICAL REPORT R—100—NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

108

-150) und-wnypey ¢ (£poqrays pus asou djoquivd) G§ NOLLVHADIINOD

*$9AdND ) pus *¥N (q)

(‘soyour ul ¥ uaA1d SUOISUIWIK])

advys Lpog (v)

.4
€ t4l " o)} 6’ e h.o
54~ 0 oH 0g'8e 0s'e €L €901 | €901
DI T b 7 e 2 W B W ik M U i\ -k
¢ . _ - ] r 41 /x

40y - ol 6 '} A 9" S |4 € 2 0

-
k.Q.U, @ : /

2
¢

/ v

v Y/4
: \ )
_— y
L~ // \\\\
Pxd s /// L &
\ d (o) N L "
>~ —1 01 o8y, ol
- <02t
L~ ﬁ‘ 96761 ¢
> 2l
(q) _
QOXbA s2

4 &Sr
g1

PR ——————YE S



Downloaded from http://www.everyspec.com

ad smpenmin

109

*SAAING 9y puw *¥N ()

T e e

[ P S

n

4 ”

S o Zl g Sl d] £ 2

S 0
= q)

S ]

= ]

721

g r
7z s e e IO g

- = TI‘

m /\.Q.Q .
m ¢ Q.U
3 ———

B T -

Wuu .NQQ

0 g
[

=

2

B 2
&

> 09
o)

<]

- \

o

A e o8
E 4

3 %

: ool
2 ] *n
4 A
iy N
o \\ ozl
Z
o
oy
3]

w 9O0X0P!
-
)
bt

o]} 6

*J89%1 993901 (£poqanlys puw asou 1801U092) 96 NOLLYHNDIANOD)

('soyaur uy arw uoal suosuawl() radwys Apog (w)

(o)

74

I O N

nO.N_:—

B i e U

ge--}



4891 10004 ¢ (Lpoglalje pus asou 1BI1U0D) L6 NOLLYHADIINOD)

Downloaded from http://www.everyspec.com

TECHNICAL REPORT R—100—XNATIONAL AERONATUTICS AND SPACE ADMINISTRATION

110

*SIAIND 4)) pur *¥ N Q) (*sayaul Ul adu uaAIg suosuswi(y) -aduys Lpog (¥)
L
9’l Sl vl €l 2’ 11 o2} m.o
(q) ot (-1n oy} espy | €Ot 9L 6111 | 271
Wb || =u/is| o/is] o/ vt | o/ M1 o/ VM| /41
3 [ v ku\k
1 1= - - ol 6 g L 9 g v 3 2 ] 0
1°0y (0}
(AL
—
[~
1. ' - \ \\ 2
v ¢ \
/
_ \\ v
ﬁ . () / A &/
02 / y, 7 g
i ft s St B N
— 4 L0 / ol
] ! 162
AN I S - \\\\ [N S—
- - - \\ -— — o} —1-—{09 ¥ ¥ - I——y
L] veH N\\
RERE \\\ RN f 8gill
-— S -t~ 1 -——08 ked T
\\ _ I S N S, nu..%«“.\l\d
= ¢ oele
——1 —b = 000 6

401021

e e e N T T

e w——————— A



Downloaded from http://www.everyspec.com

111

3891 und-wnigay ! (Apoqaaye (gapurife fasou ajoqured) g6 NOILYHNDIANO])

. CEIAND G ) pun *AA () (sayout uy arw wsAI8 suosuauL(]) adeys {pog (v)
N 2]
; Z,
: S o 'l Il o 6 g Lz
. & o
| 3 (a) «0 000 | O'Il| &8¢ | 00% | €1z | €12t ¢ra)
~ 2 % ™| s/ 8s| /71 | p/M1 o/ o/ 4
: [}
i " : 41/x
: & N 01 6 8 L 9 g b £ 2 | o
W & 1oy o L™
<) 29
S 7
M = Vi
; 0 Z
i
! [+ £
B K.Q.U
i = v
. 4
h Q — | /|
m & /]
; By 4 7 &/
! < Y
i M 9 9
7
n A
g 4
M \\\ 8 \\\ 8
| P L
d o1 ¥y o'
& - .0zl
3 e 0z'st
faq " _
W 2l !
: A_W// ——
5 Al
e gOIX ¥ ge
2 4 . 8°b!
o : N
_lmL oSt mo...l.leo
8

T T m e e e e e i ey e



*1897 und-wnioy ¢ (Apoqiajye pus asou arjoquaud) 66 NOLLVHADIINOD)

Downloaded from http://www.everyspec.com

'$044ND 4 pus *¥N (q) (‘'soydug Uy 01w UDALT suOBUIWI(]) -adeys Apoy (¥)
W
'l 0 6 8 s.o
<P'e 6v | Ol 69¢ | oos | €Iz | €rel| el
- 99 | ey mewy/fag wmgag) p/Vy | 2/ M1 [/ 2 /41
o | 41/x
1 - —d o1 (3 8 L 9 s v £ z r 0
sao| . (o) .
29 -
19| \ /
A A 1z
¢
— e v
v \\ &/
9 \\ 9
4
e § P
lz B e e A I = —® < - 8
\ /./ - \
_/
e o1 %8N ] o'l
L 02!
4 o
L _. oz'8l
2l

TECHNICAL REPORT R—100—NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

112

e PP S USIICO UIIE DOV VDR v voee Ml aNat s eem e o e . - e THLA et A e e s bt

s ———

RO

o iy e T T T 2 S e s



113

1§03 ungd-wmipay ¢ (£poqioys [8a1uo9 asou arfoquand) 00 NOLLVHNDIANO.)

$AIND 4 puu *¥N (q) (‘sanjaut uy aav UsAIB suosuLuII(]) aduys £pogy (v)

Downloaded from http://www.everyspec.com

COLLECTION OF ZERO-LIFT DRAG DATA FROM FREE-FLIGHT INVESTIGATIONS

W
£ zl 1 o'l 6 g &,
{q) o1 | eb | o1 | gse| oos | ez | erar| ez
— o 8| "“v ™ ™| 2/ "1 | o/M1 |o ] o/ 1
- ' .
-- i e S ol 8 r 9 g v ¢ z 0
\.Q.U (o)
292
k.QQ.\
y N.
¢
/ i
b \\ &
9 \\ 9
/
4
8 . /] 8"
S~ v
/(
] \
\
] o1 ¥y oai (]
L] fo- 0z'8i
21 _4
)
e E—
g .
SOIXp X
4




PR J VISP PSR HEE e A

*180) und-wniay ¢ (£poqialje [8a1U0ED asou otjoqeied) [Q1 NOILVUADIINOD

*S0AIND d7) puw *¥Nr (Q) ("sayaut ur 91¢ udald suowawi(y) eduys fpog ()
N
€ PA [M] [} 6’ 8 h.o
(a) «2°¢ _ el o1} £€c| 009 €1z | era| evel
9 prow, Ny powy/isiran sl o/ V1] p/%1 |5/"| p/41
1° 4
1/x
T -—t—- -4 ol 3 o L 9" s v ¢ z v o
1 ay¢ - (o)
z% %
/ z
¢
/ 4

&/
4

Downloaded from http://www.everyspec.com

9 D, /) 9
N
N \\
\\ 8 /// \\ 8
\\\ S =
L~ - o1 *ow .02 / 0
I oz'8l
e 2l _n

TECHNICAL REPORT R—100—NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

114

SOIX b1 nh mm\\ _h ,o.!

e oo

gm0



Downloaded from http://lwww.everyspec.com

115

~FLIGHT INVESTIGATIONS

COLLECTION OF ZERO-LIFT DRAG DATA FROM FREE

"389) ung-wnijay “(Apociayye puw gsou srfoqrasd) zg NOLLYHADIING)

SIAIMD A7) puw AN (q)

('saour us e uoarg suorsuswt(y)  odwys £pog (w)

) £ 2 r o'l 6 8 L
0
Q) b9 | 6 | on |ozse| oos | g1 g2 ez
] 6 _|"wPv | 5| roufed] o/ v,y A/ ¥ ofrm| p/1,
T BEn L1/x
s ey ] S SN SN | o, O1 6 g r 9’ g b £ 0
10 {o)
e e S N N 2
’q - kqu
USRS . -
¢
T T EERERY g
b—3 1 | e 8 // N\ o
. | | // A
T i ] / V4
’il!‘jlf‘{'w\h]! S o1 QQ\< N P g
N L~
r B N N
\
2l b .
0zl ol
] _rl o2 gl
L gOIX b1

B




Downloaded from http://www.everyspec.com

TECHNICAL REPORT R—100—NATIONAL AERONAUTICB AND SPACE ADMINISTRATION

116

“1s03 ung-umypay *(£poqia))s puu asou djjoqered) g0 NOLLYHADIINOD

52400 9 pue ¥y (q)

N
¢l 21 ] (o] 6 8 nw
e
. - _ _
4
\& \Nl'u..u.ﬁb
29
¢
b
9
]
\\ )
\\
ol '
\
>
2l
(q)
wo_x.v_

(‘soyauy uy 01w uoAd suorsuswi([)

-adwys Apog[ (v)

N o on | zze |l oos | o1z | erar| era)
0w |ow/a] meylssl mey/adl p/v1| o/ M1 [p/rM| p /41
k~\k
6 8 2’ 9" [ |4 € 4 [+]
\ )4
A 2
N
4 v
N \\
\\ .
N \\
// L/ o
N
(0) Ny P
.02 o'l
_1 oz'8i
8!

§0--=

Qles9
81

SRR PIPE SPRPRe S

&/7

g — (P Ty S A e T



Downloaded from http://lwww.everyspec.com

117

1897 J9)901 {(FoAIND Fw. p 3 S0 q ;
90U 998 Y31y 0oy Lsnoraco aaw SPIIIYPYI0D mﬁw H__QSEM p< :s_:q_hv E.MA.__M_W_M___Q_M.,E%MO S o ani00 103
. 1 0D JO 9[8Is MY £POCI3J8 puv Asou Jtpoquand) FQI NOLLVHOADIINO
. B o

S bt g it

2'q'o jepoyy —t

2]
2z,

=]

-

B

-

<]

-

I

n

m $AAIND ) puw ¥ N (q) (saqour uy a1y woals suolsuawii([) adwys Apog (%)

B . . : . i g, | vae

w v.ma N_n ~ o_m : mw : m_m Y2 22 0z @ 9 w1z o1 g ‘]..2 voe

— D |9pow boup 9s0q pasnsoow — 4 —|— L _ h‘ ° ,, o

= e T = S Ny S i i 2 S g 0 ol v\.« ~§w\mm 2/v1 N N, ¥

- ¥ M L] R4l \\N o/ ~E
2 [ 7 4 1 v L1/¢

8 A~ — A SO N ol ) 9 S 4 £ 2 r 0
= == - o R \ .02 o)

M e HITHHHTHA
5 I 1T BE N LT rrrrrrrrTrT

] S piwoNy ___ — - j;}\lxm.
= oPPPON — . £ T rTrrrrrrrrrrt T
« uolny B.SBBUQ q 19PN — ——

= L e p— AL
- o} O S

< A w
g BB

o o

=]

2

0

Q

= - P oW, ol -

g Pl

By

& i

Z

Q

oy

B

QO

3]

=

]

o

&)

B
; e et T N



Downloaded from http://www.everyspec.com

TECHNICAL REPORT R—100—NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

118

“1¥0) 190201 ‘O] NOLLYMADIANO))

‘SaAIND T pum N ()

W
2g  0%¢ gz 92 e 2 02 el 9 [l 2\ 01 8
e o
@] -1 et
B sbosp
| os0q pensosny I
L
v %
- . 1 z
. 9 RPON - — L /A
— o {—=——— P weow 1=
L - 3 1PPON £
p------ q POV
I uoyduy PaIOINE) O — —— —— 0 |3POW
0
\
- 02
\\\ \\\\
] - \\.\ 17~ ov
\\ \\
7 1 u&<
d
4 \\ Y
s = 09
|~ © |opopy
A
- 1 A0 08
@'p'd 19POW. \ q |9pOW
L LOIX 00

(‘soyour ul 3Jv UIAIR suoBUIWI(])

aduys Apog] (v)

e

Q9L | b9 | g0e | g8 | L¥ s z2 | 22
% || % /S P/ | P/ o/ /41
21/x
ol 6 8 L 9 g ¥ g 2 i )
(o)

/
T
/ g

&/4
4
/ .
/
\\
yd .
AN 8
]
o'l
_ sl
8«3 - l.v
1 i\“ L 62l

o

e e gy a7 e e =



Downloaded from http://www.everyspec.com

119

1sM joa0r {(£poq1aye pus osou ofjoqsrrd) 901 NOWLVHANLING)

SAAIND Ty pur *AAT ()

(soyaut uf oav usAId SUOISUOHI([)

901X08

- adweips Apog (w)
Z
m 9l Sl vl €1 W i : - :
& = 2l 'l ol € 8 49 «2'€ o o [ soeg [000i| g2 | 521 | g2
v q
g % "/ /5| o/t | o/M1 [0/ M| o /1
2 = == ! i
7 10, . B ol 6 L 9 S 2 r 0
o 7 {o)
i ¢
2 ————q [9pow \
ﬂ o 19paw B Y LA \ ‘
= i ¢
[ k.QQ\
3 1
s . B
Z v AN \
=t o
[ N ’
< . ™~ /
£ ~ [
< ~{ /
~] 8
o y ™ \
2 ’ ‘
a ol
2 v
0
2 ° ©
2 -
N bL'8l—»
S)
z +v8v8
m \.\\ .
) al
=) ]
3 7
m e 09
\\



Downloaded from http://www.everyspec.com

TECHNICAL REPORT R—100—NATIONAL AERONATUTICS AND SPACE ADMINISTRATION

120

e e

FE o T bl R L S ] T S e

*389} 19001 {(Apoqiajys pus osou djoqeisd) L0] NOLLVHADIINOD

*s0AINY 4) puv *¥N (q)

('soyouy uy o1 uaald suowuowq) aduys Apog (%)

W
gl [ L] £l 2 't [o)] [} Iy
[+]
wl [ | |
———— q 10POW
-— 0 jPpow - r
(A
— ——] N.QQ
i 4
.u\:
N
¢
v
o]
i 0z
L wy
oY
\\
\\
— 09
\
=
$0IX08

921 er | on |sewe| s2 |oooi | sa | s&
G | o/ |, /o] o [0t p/71 [ o /M1 |B/HM| 8/4
ku\n
ol & 8 r 9 s v £ z ] 0
)
\\ ¢
\\
V4 ¥
4
\ \\ "
/ \\ ?
\\
e
8
/w
N ot
2U56
@ 82% ¥
1
il
1 I 86'vL
gT-3
Sheolg
6

e e ey e o e ——

[PV -

s e e gt



121

Downloaded from http://www.everyspec.com

COLLECTION OF ZERO-LIFT DRAG DATA FROM FREE-FLIGHT INVESTIGATIONS

1831 19201 {(s1aquimu yowpy druosiadns 9w
9D Jo 043 £ABM oy pasnes UM ‘Furmingonys jaxood £q pajaaye 1o9q easy 0y aeadde spapour yjoq ‘fpoquayw puw ssou atfoquasd) goy NOILYRADIANO))

FIAMD ) puw *A N (q) ('sayout ur aaw usAld suolsuowi(p) aduys Apog (m)
14
91 sl vt €l 2 1" ol 6 8 h.o £t eI’ an orse | oge
(q) _ % xcEw\\qv. .GSV.\&% ~eE‘\Qm. 2 \:
%
j » - - | 4 ~\k
) ol s i L 9 S v £ z I 0
/) (o)
LD 117 . L]
299 z
€ I T T
o
= q 19popy v ] \\ "
——— D [opoyy N ‘SN S N S &/t
. 5 ——t— —]9
0 yﬂi!’l‘[}]xl!’\ 8’
e LT[ T1TTHC BESEN L,
\
= ov ¥
— sl vl
<=t Y TR Y O O O L __log 4 Sb _n{mv.\.n "
\\ Rl
| ix §2'-3 — — b8'b8 !J[iif!L
o8 n_LMT
6



Downloaded from http://www.everyspec.com

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

TECHNICAL REPORT R—100

122

[URRED ROV PR 7 S S S

*180) 10204 { (£poquolje pug asol orjoqeisd) 601 NOLLVHIDIINOG{)

‘seAInd 4)) pue ¥y ) ("soyaul ui dw uaald suosuawi(]) -adwys Apog ()
" 2]
91 Gl v € 2l X o1 6 8 ho «¥'9 6l o1l 059 | 006G | 082 s'2l G2l
tan G |y (rouyag| =y /Bl /%1 | A/ /M| o/41
I\ ) )
o —+—{—+—11 1/ x
v I - - . . ) . . : : . . .
I;L > I I U I \\5 — rl\L ol 6 8 L 9 S |4 £ 4 | 0
PV N N - . (o)
A 1057 = %o, | 7
o — et —1 —1 L.Il—"\\ t——~ ] \ 2
- '8
———=q 13PN
_ o _o”os_ [ I (O (S IO O N N /4 S T
S GO L ¢ )
0 \
] ?
" . / \\
1 02
= / N \\ o
) ) N | %
Y, ] + . S
= ov %y N~
S T = — - o'l
L
L1 2L'e6
— 1 l‘.ly‘v‘\‘:\ F—t — — 09
o

—] -
4008 vm: %_
o\wv Te 11 473

mN.\.. nT._Q"
6

v e e g A T T e T 2

e e o e . Ao = A e o R

e T —



Downloaded from http://www.everyspec.com

COLLECTION OF ZERO-LIFT DRAG DATA FROM FREE-FLICHT INVESTIGATIONS

123

vl £ 2

*183) ung-wnijay ..A 14 ‘Apoqlaye puw umo:v 01T NOILVUNDLINOY)
, 14

S9AIND T) pus *¥nr () ('sayour ur orw uears suosuawii() “adeys Apog (®)

ot 6 -} Iy

0 o | ovee cz9 | szo sa E
N s\ /5| o/t | o/t |afrem] o7 |
I 11/x
. o1 6 9 g v € 2 r
T
/| ] LT 1] ]

R A e T
EREEEN Edn
L~
\ 0l Qm»\
2t
P ]
E 1 |
L L g0IXb1




Downloaded from http://www.everyspec.com

TECHNICAL REPORT R—100 NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

124

“3809 40%001 { (£poqLoyys pus osou otjoquaed) [11 NOLLVHNDI4NO])

3100 @) pus *¥N ()

(‘soyout ul 248 uaALd suouawil(]) -oduys Apog (V)

w
sl v £1 4 X X 6 8,

P ov | er | on | o2 | 12 |sg0l | 8ru | 8Ll

T T T T ag | xy/oy [ty fAs| "PnfBs o/v1 | o/M1|pfvim| p/11

— \wﬂ\ — T y 110

7 - — ol 6 g L 9 S v £ z i 0
(O R e M
d L , (©
10

B O I 0 H O B 5 5§ A1,
b — ! 4 t——t—t € \

— - e S B 7 v
— L!.ix 4 - S - [:wh\ — ¥ / \\ M

/|
N e B S A B i 9
/
[REERENEE -
T
4 —t—t—1 . \I\“‘K —_—1 3409 \\ 8
I S e N o
\\ M~ L~

\l\v\‘lv‘\i]) - T ——{—1— 108 .Qz ot
e S e e e j zeel s

AR N IS N B N e B i e /*\

O O R B i A R S 681l
|| e — mm.___\lls‘-’
—Lgoixozt r.w«_.m
Q2 -=:




com

 Downloaded from http://www.everyspec.

125

INVESTIGATIONS

COLLECTION OF ZERO-LIFT DRAG DATA FROM FREE-FLIGHT

D puv Ay (q)
l4d
&1 [} 21 I o1 & .
(q}) 0
EENENNENNEN|
19,
| ] T ——————— — z
T P L QQ
D S T k.Q.u S S N U NN N
] ] c

fl.
e
HEEE
HENES
NN
NENEN
L)

901X 08|

6 o | 9w | ee [ 2w [eve Shz
/Y (/s B | pfrr | afmn ez




Downloaded from http://www.everyspec.com

TECHNICAL REPORT R—100—NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

126

(‘suawouayd aiquisadar € 3G PIROM SUOLIB[{IS0 O} onp ¥eIp 9y} J8Y) GVUOSEAM
1¢adde jou saop 31 dQUlS JovNN JO a[Bue ,( A[[BIIUISEI )8 MAM s[apout a1y 18y} Furysatpur ‘asopd aunb azas sjapoul [BILRUAPL 31} JO sgelp oY) 988D 283 U]
*‘suoryBINFYuod ) Jo 281 10} s[opow omj Jo 88ap ay3 wolj paule)(|o soN[BA palie] a1e pojuasaad gaAIND) 189} und-winiay ‘CIT ‘FIT ‘€11 SNOLLVHADIINOD)

"§9AIND Q) puv *¥N (q) (‘sayour uy 21w udAld suouowti(]) aduys Apog (%)
[
4 'l 0 3 g L g Se o7-1 ol o vzl 19¢
()
— — a5 |0, fas o fBs| p/v1 | B/¥1|A/MtM o/41
—1 - ya 9 41 /x
ol 6 8 'y 9 *) v € 2 r 0
-
A ’ ©
o ou ands- 103 | ¢
=17 e 3.0 #50Q
Va uo pesog 14
. L}t 6 9
\ g1t o 1otd- LA 9/
s
I 4 .
P / ol ®
AR
/
/ / || ) g
/
| Wimp
{ / / 21 ol
/4 F-pi1 ou awds

/ /
N €l
\
N \ Vi
/
~L_l_L_¥ vl
il ou 950U 1D 4 “
) 001
] = T |
iy
gOXOH ob'b fa_

R aaid

PR




COLLECTION OF ZERO-LIFT DRAG DATA FROM FREE

Downloaded from http://www.everyspec.com

T e b sl bt sttt i e L

~-FLIGHT INVESTIGATIONS

w b3 |
/ -
|
\ o
\ Nl s
\ L | .

6x108

391396—61——9

\ @
\
\ N\
\ ~
\ N
©
| o
. o © [ < :’ N = o’
§ O
Q
317
//
\/ a
ot 9
‘! / . 3,55
/ x
/ NE
// 5_
=
L 4
m Q]
{ MR
\\ ’ -
™~
@ @ <. ~ e
§

(b) Ng.and ¢}, curves.

(Dimensions given are in inches.)

(a) Body shape.

CONFIGURATION 116; helium-gun test.
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