
COLLECTION OF ZERO-LIFT DRAG DATA ON BODIES OF REVOLUTION 

FROM FREE-FLIGHT INVESTIGATIONS 

By William E.Stoney, Jr. 

SUMMARY 

This report presents a compilation 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 revo
lution. The data are arranged on standard forms, which also contain 
the Significant geometrical factors. Supplementary data have been pro
vided t o facilitate the determination of the body pressure drags from 
the measured total drags. 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 106 to 100 X 106, 

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 Division 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. However, 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 
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they represented. In view of the large amount of data available and of 
the comparative obscurity of a large part of it, it was felt that a 
collection of such data presented in a standard form would be of aid to 
the aircraft and missile designers. 

It is hoped that this collection 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 
facilitate 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 zero lift drag. 

d 

2/d 

r/R 

x/2 

R 

SYMBOLS 

length 

maximum diameter 

fineness ratio 

ratio of body radius at any station to maximum body radius 

ratio of distance measured from apex of nose to total body 
length 

ratio of body wetted area to body frontal area (actual values 

CD 11 calculated from expression ~ = 42/d ~ d ~ which is 
Cf 0 R 2 

correct relationship between friction coefficient Cf based 

on wetted area and friction drag coefficient CDf based on 

body frontal area) 

ratio of fin wetted area to body frontal area 

ratio of body base area to body frontal area 

body slope at x/2 = 1 (slope is always negative but is 
expressed as positive) 

Reynolds number based on body length, 
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p 

u 

M 

free-stream density 

free-stream velocity 

free-stream viscosity 

free-stream Mach number 

drag coefficient based on body frontal area, Drag 
P?~ 
~~4 

pressure coefficient, 
Pressure - Free-stream pressure 

~2 
2 

friction drag coefficient based on wetted area 

rl = r/R where R is maximum body radius 

Xl x/lnose or x/lafterbody 

Most data of this report were obtained by the following procedure: 
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 differentiated to give a decele
ration 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 obtaining 
the altitude time history. 

Rocket Model Tests 

The rocket-test method is the propulsion of the models by rockets 
located 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 
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tracked by an NACA modifie d SCR-584 position radar tracking unit, the 
data of which were used to obtain the space-position time records used 
in the data reduction. In general, the rocket models were of a fair 
size: 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 
Mach numbers over 4 . A few carried telemetering equipment and from these 
the total drag was also obtained from decelerometers and the base drag 
from pressure cells. 

Helium-Gun Tests 

The second technique, the helium-gun test, was the 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 valve~ 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 200 to the 
horizontal and never rose over an altitude of 2,000 feet. 

Accuracy 

Inasmuch as the tests have been made over a period of several years 
with continually varying techniques, it is difficult to assign a general 
figure for their accuracy. The velocimeter record is accurate to within 
0. 2 percent, and the derived accelerations , although the result of 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 softened by the averaging process. 

One approach to a value of accuracy is the comparison of the drag 
of i dentical models, since all t he variable factors, inaccuracies in body 
ordinates, velocity measurement, atmospheric conditions, 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 error 
for CD and Mach number appear to be 

6CD ±0.01 

6M ±0.01 
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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 com
parison of the nose pressure drags obtained from eight helium-gun models 
with values measured in a wind tunnel and calculated 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 
"Sunnnary Curves"). 

PRESENTATION OF DATA 

General Organization 

With the thought in mind that the important product of these tests 
is the body pressure drag, the configurations are divided into two types -
"smooth" and "bumpy" - and are presented in order of increasing fineness 
ratio. A smooth body is defined as one whose meridian increases without 
inflection points to a maximum and stays constant or decreases without 
inflection points to a minimum. All other bodies are considered to be 
bumpy. Since only the nose and afterbodyl contribute to the pressure drag, 
the significant fineness ratio of the smooth bodies has been assumed to be 
that of the sum of the nose and afterbody. Such grouping assumes that the 
effects of the nose on the afterbody drag are of second order. Since such 
a division cannot, in general, be made for the bumpy bodies, they are pre
sented in the order of their total fineness ratios. This classification 
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 the other variable and since 
the assumption that the effect of shape is independent of fineness ratio 
appears to be useful, the body ordinates have been nondimensionalized 
and are presented in graphical form for each of the configurations. In 
order to utilize this assumption strictly, the individual parts should 
have been presented individually; 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 
enabling comparisons of bumpy and smooth bodies to be made by matching 

lThe nose is herein defined as that part of the body up to the maxi
mum diameter and the afterbody as that part 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 lid of the nose and 
afterbody can be less than the total value of lid of the body. 
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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. 

The basic data are supplemented by curves of friction, base, step, 
and fin drag (figs. 2 to 5). Summary curves of data from various 
systematic investigations are presented in figures 6 to 10. Some 
curves showing the general effect of body shape on drag appear in 
figures 11 to 15. The basic data are presented in figures 16 to 183 
and are separated into two main groups. Figures 16 to 120 present the 
data for all the smooth bodies and the data for the bumpy bodies are 
presented in figures 121 to 138. (These data were compiled from refs. 1 
to l6.) A particular configuration may be found quickly by reference to 
table I where the configurations are listed together with their distin
guishing geometrical properties. 

Presentation of Model Characteristics 

Enough information appears in the drawing and graphical presentation 
of the ordinates to allow reconstruction of the model with reasonable 
accuracy. Many of the smooth bodies had analytical meridians of parabolic 
form or mixed parabolic and hemispherical form; this notation has been 
made in the figure. The following equations were used for parabolic noses 
and afterbodies, respectively, 

r' = 2x' _ x,2 

2 
r' = 1 - (1 - rb')x' 

Pertinent fineness ratios, area ratios, and angles are given to 
allow quick comparisons of configurations. The type of test, rocket or 
helium gun, is also noted. All dimensions given in these figures are in 
inches. 

Presentation of Data 

Total zero-lift drag coefficients based on body frontal area and 
Reynolds number based on body length are presented for each model." The 
total-drag curves are curves faired through the original data points by 
the present author and thus may in some cases differ slightly from 
values previously published. For those configurations for which more 
than one model were flown the individual curves are labeled a, b, and 
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so forth. For the models on which base pressures were measured, the' 
base pressures are also presented. 

7 

For convenience, the friction drag calculated by the method of Van 
Driest (ref. 17) has been presented for each model. For cases in which 
the Reynolds numbers and the data appeared such that the flow over both 
the body and fins was turbulent, the points calculated were indicated by 
a square symbol [] and connected with a dashed line. If the data 
appeared to be in the range in which the fin boundary layer may have been 
either laminar or turbulent, calculations were made for both conditions, 
and the points for both conditions were presented and left unconnected; 
thus, the circled points () represent the calculation for turbulent body 
flow plus laminar fin flow. 

A word of warning is in order here: 
symbols appear at the subsonic end of the 
fully turbulent symbol 0 appears at the 

In the figures in which both 
Mach number scale and only the 
supersonic value, 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 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 laminar fin friction drags. 
Configuration 158 (fig. 164) presents a case in point, although for this 
model the transition appears rather dramatically in the total-drag curve. 
This is unusual , and the change would not be at all apparent if the 
transition had occurred in the rapidly rising section of the drag curve. 

Further discussion of friction drag is presented in the "Supplementary 
Data" section. 

SUPPLEMENTARY DATA 

This report presents 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 considerations in tpe 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 pres
sure drags must be known or assumed. 

The friction drag can be calculated accurately for most bodies. For 
many bodies, the base drag is negligible and the base drag for most of 
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the remaining bodies can be estimated accurately from empirical curves. 
The fin affects the drag in three ways - fin pressure drag due to fin 
induced pressures, 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 
in this report been either measured or calculated for most of the fins 
used. Values of the interference terms are, in general, not calculable. 
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 thin2 • 

The following sections provide the data necessary in the breakdown of 
the total-drag curves into their component parts. 

Friction Drag 

Figure 2 presents average flat-plate friction coefficients 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 calcula
tion of the friction drags shown on the data plots. The use of flat
plate values for bodies of revolution is not exactly correct because of 
at least two factors - 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 of these effects 
are functions of body fineness ratio, the effects being most in evidence 
at lower values of rid. Reference 18 gives an approximate correction 
factor for the higher average velocities existing on bodies of revolution 

(CD ) 
f , body of rev __ 1 + 0.5 

as ( CD ) T7d which is supposedly valid at Mach numbers 
f flat plate 

as high as 1. Both effects are apparently small for the bodies of this 
report. 

2The 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 finned and unfinned results 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 cylindric~l 
shape of the body. Since model 109 is of high fineness ratio this 
result cannot be applied generally. An attempt to measure fin inter
ference was made with configurations 48 and 49. Although these bodies 
had low-f i neness-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. 
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Another assumption has been made in the calculation 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 assump
tion may be erroneous for some of the models flying at Reynolds numbers 
from 1 X 106 to 5 X 106 and should be kept in mind in the analysis of 
such data. The only models for which this assumption is obviously wrong 
are models 104 and 105 (figs. 112 and 113), even though they flew at 
extremely high Reynolds numbers. These models are both models of the 
NACA RM-IO body, which has been extensively tested in wind tunnels (see 
refs. 13, 19, and 20). These models are more carefully "finished than the 
majority and long runs of laminar flow (Reynolds numbers up to 40 X 106) 
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, this would 
cause a large error in the calculations as made. With these considera
tions, if the pressure drag of this configuration is desired it would be 
best to obtain it from theory or 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 interference effects. References 13, 19, and 
20 also give examples of the effects of Reynolds number , transition, and 
heat transfer on friction drag. 

Base Pressure and Base Drag 

Reference 21 contains 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 con
sidered in this report. The following discussion follows this reference. 

Three-dimensional base drag.- Figure 3 presents the base-pressure 
drag coefficients as a function of Mach number for a cylindrical after
body of infinite length (refs. 21 to 23). As mentioned in reference 21, 
the base pressure behind a cylindrical base can be influenced by flow 
conditions such as fin and nose pressure fields ahead of the base even 
when the boundary layer is turbulent well ahead of the base. For the 
bodies of the present report, such differences are believed to be small 
enough that the curve shown in figure 3 may 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 reported herein have afterbodies, 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 evalu
ating such base pressures discussed therein is too complicated for the 
purposes of the present paper, since the value of the base drag is seldom 
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a very large percentage of the total drag for boattailed bodies. Some 
published wind-tunnel data on the base drag of conical afterbodies sug
gest the empirical expression 

(
rbase )3 

CD,base = CD,cylinder base R 

Care must be taken in applying this e~uation 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 23 presents the pressure coefficients required 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 Cp = 0.41 is valid at sub-

sonic speeds as well as Mach 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 this is one-half the value of 
Sf/A given on model sheets) 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 ~ , which is used by the 

majority of the models, was measured by means of special helium-gun 

models. The drag of fin type B g was measured by special rocket 

modelS, the data for which are presented in reference 27. The super
sonic pressure drag thus obtained is so similar to that measured on 
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type A that they have been shown as one curve. The pressure drag of fin 

type C ~ was estimated by reducing the drag rise of a 6-percent-thick 

delta wing of reference 27 (p. 47) by the square of the thickness ratios. 

The pressure drag of type D ~ is simply the two-dimensional base 

pressure of figure 3 referred now to the fin plan-form area. 

SUMMARY CURVES 

Systematic Investigations 

A majority of the smooth bodies of this report were flown in pro
grams designed to investigate the results of systematic geometrical 
changes in the body shapes on zero-lift drag. Figures 6 to 10 present 
summary plots of total-drag coefficients for the most important of these 
investigations. These figures give a broad picture of the effect of the 
most important 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); (see also configurations 1 to 8) and afterbody fineness 
ratio and shape (fig. 10). Various other methods of correlating the data 
will be immediately apparent to the reader, but it is suggested that the 
original references 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 of this report, together with data from wind-tunnel tests 
and theoretical results allow,some general conclusions useful to designers 
to be drawn. Some of these conclusions are presented in the following 
paragraphs. The effects of nose and afterbody shape are discussed sepa
rately, 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 bas ic premises of this report, 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 Lid is presented in fig
ure 11. The lower curve represents near minimum nose pressure drags. At 
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low values of lid, the minimum curve was obtained by fairing through 
the flat-face value (CD = o.8cp ) and hemisphere values (ref. 28). 

total 
Above lid = 1.4 it was determined from second-order calculations 

(by the method of Van Dyke, ref. 29) of bodies defined by r' = x,3/4 

2x' 3 ,2 

and r' 
- 4" x 

Note that neither of these bodies has zero slope at 

its maximum diameter. Since the calculations and experiment agree well 
for noses having 2/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 parabolic nose r' = 2x' - x,2 used on so many of the models in 
this report. Taylor-McColl cone values are also shown for comparison. 

Although 2/d is shown to be a powerful parameter, 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 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 the'se results are for 2/d = 3 and the relative drags may change 
with 2/d. Data from reference 30 have been combined with the data of 
this report in part (b) of figure 12 to illustrate some general state
ments about the effect of nose geometry on drag. The drags of the 

xl/4 and the ellipsoid show the high peak drag level and late peak drag 

Mach numbers characteristics of blunt nose bodies. The xl/4 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 Karman nose which has the x 3/4 profile at its apex but which 
is blunter immediately behind the apex produces a drag variation with 
Mach number which incorporates 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 2/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 after
body is also a function of nose shape. There are indications that the 
lowest drag shapes which do not have zero slope at their maximum diameter 
have higher interference drag potential than their smoother appearing 
brothers. (See the discussion entitled "Total body drag.") 
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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 M = 1.2 in figure 13. The data for the 
conical afterbodies are compared with the following semlempirical 
equation: 

where 

n 4 

n 3 

(M < 3.5) 

(M > 3.5) 

(1) 

e is the slope of the afterbody in degrees (used as positive, although 
actually always negative; not applicable for positive values of e) and 
Cdb is the base pressure drag of the cylinder (fig. 3). The first term 

of the equation approximates the second-order theoretical values calcu
lated by Jack (ref. 32) while 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) is 
almost embarrassing and should 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 150 • At or above this degree of convergence large discrepancies 
may be expected (see ref. 6), theoretical calculations tending to over
estimate the drag. 

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 tid is given. 
The center line in figure 13(b) represent conical afterbodies with a 
slope of 4.50 (or parabolic meridians with a base slope of 90 ). The 
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 fallon this 
line. The fact that for a given value of tid the required ratio of 
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base diameter to maximum diameter is much less important at the higher 
values of lid can be noted in figure 13(a) , and is shown more graph
ically by the shaded area on the lower figure which shows the limits 
of configurations whose drags lie within about 10 percent of the minimum. 
The range of optimum conical angles indicated (3.50 to 6.50) is of the 
same order (50 to 70) as that used for some time by ballisticians for 
the drag reduction of bullets. 

Total body drag.- If the minimum afterbody drags at each value of 
lid are taken, the resulting plot (fig. 14) may be said to represent a 
near minimum 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 

lid = 3 nose drag (rl = xtl/2 (fig. 12)) and through the M = 1.4 
values for the higher values of Lid (fig. 11). These curves are pre
sented to give some practical boundaries, admittedly empirical and rough, 
to the minimum drag problem. 

If the nose and afterbody IDlnlmum drags are added for bodies with 
their maximum diameter at their midpoints, the solid curve on figure 15 
is obtained . If the same drags are added with care taken to position 
the maximum diameter at the most favorable position the dashed curve 
is obtained . (This position moves rapidly rearward from xiI = 0.55 
for Lid = 7 to x/l = 1 for lid = 3 for the near minimum curves of 
figure 14; however, such values are extremely susceptible to small 
changes in level in either of the nose or afterbody drag curves and must 
only be considered as indicative of the trend.) Also, the drag rises 

(6CD = CD - CD - CD ) for the smooth bodies of 
total friction fin pressure 

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 lid actually had cylindrical center sections and thus their 
interference drags were low. This must be kept in mind when the use of 
either of the empirical curves as minimum drag boundaries is contemplated. 
As an instance of this, compare the pressure drags of models 84 and 85 

which are identical in shape (r l = x ,l/ 2), and fineness ratio of nose 
and afterbody, and differ only in the cylindrical center section of 
model 85 . The higher pressure drag of model 84 must be attributed to 
interference of the nose on the afterbody. This interference drag seems 
high in comparison 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 model 85 (and essentially zero) by a breakdown·of 
their drags into component parts and a comparison of the pressure com
ponents with second-order theoretical calculations (ref. 29). It seems 
reasonable to assume that at total fineness ratios below 6, the effect 
of nose induced pressures on afterbody drag and perhaps more significantly 
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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. 2i for 
some examples of such effects on base pressures) will be the important 
and 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 remembered that the dependence of drag on lid 
is also a function of the friction coefficient, and that it is the 
increase of friction drag with lid that limits the drag reduction due 
to increasing rid. 

Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Langley Field, Va., September 3, 1957. 
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TABLE I . - GEOMETRIC CHARACTERISTICS OF SMOOTH CONFIGURATIONS 

configuration 2/ dN+A 21<"itota1 2/ duose 2/ daSt Soo/A Sfj A ~/A Sb J deg 

1 - 8 0 · 50 12 .00 0 ·50 0 .00 49 ·00 6·36 1.00 0.00 
9 3 ·71 8 .57 1. 38 2 · 33 28.30 11 .00 . 00 12 .20 

10 4 .62 7 ·70 1.92 2 ·70 25 ·20 6.40 .00 68 .00 
11 4 .64 11. 20 3·50 1. 14 39 ·30 11 .00 . 45 8 .00 
12 4 .85 7 ·15 2 .02 2 .83 22 . 40 11 .00 .00 15 ·70 
13 4 ·98 13 .47 2·98 2 .00 51. 50 24 .60 ·52 4 .02 
14 4 ·98 13.47 2·98 2 .00 51. 30 24 . 60 · 52 4. 02 
15 5 ·00 5. 00 2 .00 3·00 13 ·60 11. 00 .00 18 .80 
16 5 ·00 5 ·00 2.00 3·00 13 ·30 11 .00 .00 11.90 
17 5 ·00 7 .78 2.00 3 ·00 25 .00 11 .00 .00 12 ·70 
18 5 ·10 5·10 1. 92 3. 18 14 . 60 11 .00 .00 90 .00 
19 5 · 20 13 ·70 3 ·20 2 .00 51. 00 24 .60 ·52 4 .02 
20 5 · 20 13 ·70 3 ·20 2 .00 51.00 24 .60 ·52 4 .02 
21 5 ·34 9 ·51 2 .67 2 .67 30.60 11 .00 .00 15 .60 
22 5 ·70 5 ·70 5 ·70 .00 11.40 . 00 1.00 -5 ·00 
23 5 ·79 14 . 29 3 ·79 2.00 51. 90 24 . 60 ·52 4 .02 
24 5.84 5 . 84 ·50 5 .34 19 ·00 11 .00 .19 7·00 
25 5 ·84 12·90 3 ·10 2 .74 51. 80 12. 40 . 25 18 .60 
26 6 .00 8 . 78 3·00 3 ·00 26 .20 11 .00 .00 12 ·90 
27 6 .04 6 .04 1. 21 4. 83 19 ·16 11 .00 . 19 9 · 20 
28 6.04 6.04 4. 83 1. 21 16 .84 11. 00 . 19 25 ·00 
29 6 .04 6.04 2 . 42 3 . 62 18 .39 11 .00 . 19 8 .80 
30 6 .04 6.04 3.62 2 . 42 17. 64 11 .00 .19 13 ·00 
31 6.04 6 .04 3 ·71 2 ·33 17 ·60 11 .00 · 37 6. 10 
32 6 .08 9 . 60 5 ·01 1. 07 31. 60 12·30 . 69 5 .45 
33 6 .10 14 .60 4.10 2 .00 52 .30 24.60 ·52 4 .02 
34 6.10 14 .60 4 .10 2 .00 52 . 30 24 .60 ·52 4 .02 
35 6 . 42 9 ·32 2·98 3 · 44 30 . 20 11. 00 .00 13 ·30 
36 6 . 50 15·00 4 .50 2 .00 52 . 60 24. 60 · 52 4 .02 
37 6 .51 10 .87 2·71 3 .80 35· 60 12. 82 .00 60 .00 
38 6 .52 13·90 3. 80 2·72 49 ·60 12. 40 . 25 17 . 40 
39 7·00 7 :00 2.80 4 . 20 19 ·00 11. 00 .00 12 ·90 
40 7 .16 7 .16 1. 81 5 ·35 24 .00 11. 00 . 19 7·00 
41 7 · 30 7· 30 1.95 5·35 24 .20 11. 00 .19 7 ·00 
42 7 · 33 8 .57 3 ·02 4. 31 25 ·60 11. 00 .00 90 .00 

Test Reference 

Helium gun --
Helium gun - -

Helium gun --
Rocket 1 

Helium gun - -
Helium gun 2 
Helium gun 2 
Helium gun - -
Helium gun --
Helium gun - -
Helium gun - -

Rocket 3 
Helium gun 2 
Helium gun - -
Helium gun - -
Helium gun 2 

Rocket 4 
Rocket - -

Helium gun - -
Rocket 5 
Rocket 5 
Rocket 5. 
Rocket 5. 

Helium gun - -
Helium gun - -
Helium gun 3 

Rocket 3 
Helium gun --

Rocket 3 
Helium gun --

Rocket --
Helium gun - -

Rocket 4 
Rocket 4 

Helium gun - -

Figure 

16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
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TABLE 1 .- GEOMETRIC CHARACTERISTICS OF SMOOTH CONFIGURATIONS - Continuea 

Configuration l/dN+A l/dtotal l /dnose l/daft &C/A sdA Ab/A ab' deg Test 

43 7·35 7·35 2.00 5 ·35 22 ·70 1l.00 0.19 6.00 Rocket 
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 6.00 Rocket 
46 7.60 7.60 2.25 5·35 25 ·10 11.00 .19 7·00 Rocket 
47 7·66 7.66 2·33 5·33 25 ·30 11.00 .19 7·00 Rocket 
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 
50 7·78 11.50 6.00 1.78 35·50 1l.00 .00 29 ·30 Helium gun 
51 7·80 11.08 3.42 4.38 34 .40 11.00 .00 9.80 Helium gun 
52 7·90 7·90 2.57 5·33 25 ·70 11 .00 .19 7·00 Rocket 
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 11.00 .19 3.20 Helium gun 
57 8.00 12 .00 3·00 5·00 37 ·05 11.00 .19 3·20 Helium gun 
58 8.00 12.00 3·00 5·00 38 .35 11.00 .19 3· 20 Helium gun 
59 8.00 12.00 3·00 5·00 38.40 11.00 .19 3·20 Helium gun 
60 8.00 12.00 3·00 5·00 38 .78 1l.00 .19 3. 20 Helium gun 
61 8.00 12.00 3·00 5·00 37 ·24 1l.00 .19 3·20 Helium gun 
62 8.00 12.00 3·00 5·00 37·58 11.00 .19 3·20 Helium gun. 
63 8.00 12.00 3·00 5·00 38 .40 11.00 .19 3·20 Helium gun 
64 8.10 8.10 2·73 5·37 26 .08 11.00 .19 7·00 Rocket 
65 8.20 10·93 3.38 4.82 34 .10 11. 00 .00 9·00 Helium gun 
66 8·30 8.30 2·96 5·34 26.50 1l.00 .19 7·00 Rocket 
67 8.33 9·02 3·27 5·06 26 .60 9·20 .0384 23 ·00 Helium gun 
68 8.44 8.44 3·20 5 .24 24 .90 5.45 . 26 3·50 Rocket 
69 8·50 8·50 3.60 4. 90 26·30 9·74 .30 5.60 Rocket 
70 8.50 8.50 3.16 5.34 26 .80 1l.00 .19 7·00 Rocket 
71 8.60 8.60 5·59 3·01 25·70 5·20 .36 4.55 Rocket 
72 8.65 8.65 3·28 5·37 27·30 11.00 .19 7·00 Rocket 
73 8.81 8.81 4.04 4.77 28.80 11.00 ·33 6.90 Helium gun 
74 8·91 8.91 1.78 7.13 28.26 1l.00 .19 6·50 Rocket 
75 8·91 8·91 7·13 1.78 24 .84 11.00 .19 18.30 Rocket 

76 8·91 8·91 3·56 5·35 27 ·00 11.00 .19 6.00 Rocket 

77 8·91 8·91 5·35 3·56 26 .02 11.00 .19 10. 20 Rocket 
78 8·91 8·91 7·13 1.78 26 .10 11.00 1.00 .00 Helium gun 

Reference 
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--
4 
4 
4 

--
6 
6 

--
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--
--
--
7 
7 
7 
7 
7 
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4 
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4 
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5 
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51 
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TABLE I.- GEOMETRIC CHARACTERISTICS OF SMOOTH CONFIGURATIONS - Concluded 

Configuration Z/dN+A l/dtotal l/~ose Z/daft ~/A Sf/A At/A ~J deg Test 

79 8·91 8·91 7·13 1.78 23·70 11.00 0.00 29·30 Helium gun 

80 8·91 8·91 7·13 1.78 24.80 11.00 .19 17·50 Helium gun 

81 8·91 8·91 7·13 1.78 25·40 11.00 .49 9·60 Helium gun 

82 8·91 8.91 7·13 1.78 24.20 11.00 .19 9·00 Helium gun 

83 8·91 8.91 7·13 1.78 25·10 11.00 .49 4.87 Helium gun 

84 8.91 8.91 4.66 4.25 24.50 11.00 ·09 9·70 He lium gun 

85 8.91 12·50 4.66 4.25 38.80 11.00 ·09 10·70 Helium gun 

86 9 ·13 9·13 3·28 5·85 28.00 8.30 .008 30.00 Helium gun 

87 9·38 9·38 3.63 5·75 28.00 6.40 .11 7·00 Rocket 
88 9·54 9.54 4.20 5.34 28.60 6.40 .17 8.75 Rocket 
89 10.00 10.00 4.00 6.00 30.88 11.40 .25 4.47 Rocket 
90 10.00 10.00 4.73 5.27 29·60 17·76 .15 6.45 Rocket 
91 10.54 10.54 5.38 5.16 34.40 11.00 .19 7·00 Rocket 
92 10.63 10.63 7·13 3.50 33·00 11.00 1.00 .00 Helium gun 

93 10.63 10.63 7·13 3.50 31.60 11.00 .49 5.40 Helium gun 

94 10.63 10.63 7·13 3.50 30.06 11.00 .19 14.80 Helium gun 

95 10.63 10.63 7·13 3·50 28.30 11.00 .00 15.80 Helium gun 

96 11.19 21.20 7.16 4.03 62.50 11.00 .19 4.00 Rocket 
97 11.19 17·20 7.16 4.03 48.80 11.00 .19 4.00 Rocket 
98 12.13 12.13 7·13 5·00 38·90 11.00 1.00 .00 Helium gun 

99 12.13 12.13 7·13 5·00 36·90 11.00 .49 3.42 Helium gun 

100 12.13 12.13 7·13 5.00 35·80 11.00 .49 1.70 Helium gun 

101 12.13 12.13 7·13 5·00 33.30 11.00 .19 3·20 Helium gun 

102 12.13 12.13 7·13 5·00 35·20 11.00 .19 6.40 Helium gun 

103 12.13 12.13 7·13 5·00 32.20 11.00 .00 11·70 Helium gun 

104 12.20 12.20 7·50 4.70 36.30 30.80 .364 7.60 Rocket 
105 12.20 12.20 7·50 4·70 36.30 30.80 .364 7·60 Rocket 
106 12·50 12·50 2.50 10.00 39.65 11.00 .19 3·20 Rocket 
107 12·50 12·50 10.00 2·50 34.85 11.00 .19 12.60 Rocket 
108 12·50 12·50 5·00 7·50 38.10 11.00 .19 4.30 Rocket 
109 12·50 12·50 7·50 5·00 36.50 11.00 .19 6.40 Rocket 
110 12·50 12·50 6.25 6.25 33.40 11.00 .00 90.00 Helium gun ' 
111 17·78 17.78 10.65 7·10 52.00 11.00 

I 
.19 4.60 Rocket 

112 24.50 24.50 14.70 9·80 71.60 11.00 .19 3·30 Rocket 
--

Reference 

6 
6 
6 
6 
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10 
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4 
6 
6 
6 
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12 
12 
6 
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6 
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6 
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12 
12 

Figure 
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TABLE II.- GEOMErRIC CHARACTERISTICS OF BUMPY CONFIGURATIONS 

Configuration l/dtotal &c/A &r/A Ab/A 9b1 deg Test Reference Figure 

ll3} ll4 3.67 12.40 . 0.00 1.00 -7.60 Helium gun -- 121 
ll5 
ll6 5·23 13.10 5.80 ' .04 5.50 Helium gun -- 122 
ll7 5.26 24.79 ll.64 .14 23 ·90 Helium gun -- 123 
li8 5.29 16.00 li.64 .23 17·30 Helium gun -- 124 
ll9 5.36 15.60 ll.28 .09 24 .20 Helium gun -- 125 
120 5.45 14.10 6.28 .04 5.50 Helium gun - -- 126 
121 5.68 16.60 ll.60 .17 20.20 Helium gun -- 127 
122 6.00 17.50 12.00 .00 13.60 HelilUD gun -- 128 
123 6.66 17·19 9·22 .06 16.70 Helium gun -- 129 
124 6.82 15.70 5.43 .0652 5.00 Helium gun -- 130 
125 6.84 18.20 10.76 .00 90 .00 Helium gun -- 131 
126 6.86 21.15 12 .20 .18 18.00 Helium gun -- 132 
127 6.95 19·90 ll.64 .20 8.80 Helium gun -- 133 
128 6.98 21.16 ll.80 .26 10.30 Helium gun -- 134 
129 6.98 21.27 ll.80 .29 9.70 Helium gun -- 135 
130 7·08 19.40 13.00 .00 90.00 Helium gun 14 1,6 
131 7.08 21.35 n.86 .20 11.30 Helium gun -- 137 
132 7·08 19.60 3.56 .12 6.50 Helium gun -- 138 
133 7.14 20.26 9.90 .00 90.00 Helium gun -- 139 
134 7.33 21·70 ll·70 .19 .00 Helium gun -- 140 
135 7.42 19·00 11.50 .05 15.40 Helium gun -- 141 
136 7·55 18.70 6.63 .08 5.00 Helium gun -- 142 
137 7·70 18.80 ll·95 .006 90.00 Helium gun -- 143 
138 7·75 20·90 5.78 .20 26.50 Helium gun -- 144 
139 .7.76 21.54 ll.OO .00 9.40 Helium gun -- 145 
140 8.00 24.80 13.20 .18 33.20 Helium gun -- 146 
141 8.03 20·70 9.00 .09 7·90 Helium gun -- 147 
142 8.04 24.04 13.00 .23 12.60 Helium gun -- 148 
143 8.07 23.75 4.12 .15 4.30 Helium gun -- 149 
144 8.10 25 ·ll 13.20 .18 21.50 Helium gun -- 150 
145 8.10 25.08 13.20 .18 17·10 Helium gun -- 151 
146 8.ll 21.00 7.67 .09 5.00 Helium gun -- 152 
147 8.12 25 .40 13.20 .18 17.90 Helium gun -- 153 
148 8.23 20.80 ll·72 .00 16.80 Helium gun -- 154 
149 8.27 24.00 10·90 .29 2.80 Helium gun -- 155 
150 8.28 20.70 n.80 .06 15.00 Helium gun -- 156 
151 8.40 23.00 7.88 .17 6.10 Helium gun -- 157 
152 8.43 23 ·10 6.00 .17 6.80 Helium gun -- 158 
153 8.48 23.76 12.62 .30 2.40 Helium gun -- 159 
154 8.49 23.12 11.00 .00 7.40 Helium gun -- 160 
155 8.52 23.40 11.50 .08 2.50 Helium gun -- 161 
156 8.57 25.70 9.70 .00 90.00 Rocket -- 162 
157 8.70 24 .54 13.12 .20 12.10 Helium gun -- 163 
158 8.84 25 .64 6.64 .18 4.60 Helium gun -- 164 
159 8.85 25·75 13.14 .21 12.30 Helium gun -- 165 
160 8.91 25.00 11.00 .19 7.00 Rocket 15 166 
161 8.92 24.10 11.50 .07 12.60 Helium gun -- . 167 
162 9.08 26.26 14.40 .16 9.10 Helium gun -- 168 
163 9·09 24.40 ll.60 .03 8.50 Helium gun -- 169 
164 9.10 25.55 ll.64 .04 10.00 Helium gun -- 170 
165 9.22 26 .17 7.14 .20 4.35 Helium gun -- 171 
166 9.28 26.91 7.28 .20 4.06 Helium gun -- 17:2 
167 9·31 28.19 10.00 .21 4.60 Helium gun 16 173 
168 9·31 28 .19 10.00 .21 4.60 Rocket 16 174 
169 10.00 20.35 11.50 .00 90.00 Helium gun -- 175 
170 10.00 27.40 ll.OO .00 6.80 Helium gun -- 176 
171 10.00 28 .40 16.50 .25 4.15 Rocket -- 177 
172 10.04 30.40 ll.OO .00 90.00 Helium gun -- 178 
173 10.46 27 .40 15.35 .02 4. 00 Helium gun -- 179 . 
174 10.70 29.80 ll.OO .00 6.80 Helium gun -- 180 
175 ll.02 32.40 17.04 .19 7.05 Helium gun -- 181 
176 ll.39 29·20 ll.OO .00 18.90 Helium gun -- 182 
177 12.05 31.90 15.00 .04 5.00 Helium gun -- 183 
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r/R 

x/L 

L/dTota1 5.00 L/dNoee 2.00 Sc,/A 13.30 Ab/A 0.0 

L/dN+A 5·00 t/dMt ;.00 Sf/A 11.0 9b 11.90 

Designation: 16 

Test: Helium Gun 

Figure 24. 

--- ----- ------------------------------------------------------------------------~ 
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Figure 24.- Concluded. 
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1~!ti ~ .05 

t 
8.23,-------0+0-<;.,1 

11.67 ---------~ 

x/t 

t/dTotal 7.78 t/dNose 2.00 StJ/A 25. 00 

t/dN+A 5.00 ~/dAft 3.00 Sr/A 11.0 

Designation: 17 

Tes t: Helium Gun 

Figure 25. 
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~H~ i<'=:> ·05 
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~--4. 19==========~~~ / 

r/R 

x/ t 

t / dTotal 5.10 t/dNoee 1.92 ~/A l..4.60 Ab/A 0.0 

t/dN+A 5.10 '/dAft 3.18 Sr/A 11.0 9b 90° 

Designation: 18 

Test: Helium Gun 

Figure 26 . 
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1.61 RodQ.II~I-_________ --L._..L........<"'-<..L-....., 

~ 54.5------t r 68.5 -~ 

x/L 

L/ dTota1 13.7 ~/dNoee 3.2 StJ/A 51.0 

~ /dN+A 5.20 ~/dA!'t 2.0 Sr/A 24.6 

Designation: 19 

Teet: Rooket 

Remarks : This model 5 times scale of model 20 (fig . 28 ) . 

Figure 27. 
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Figure 27. - Concluded. 
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NACA TN 420l 

',)l"In /2.30ROd. 

~ 

1°: ____ 11 

r/R 

x/t 

t / dTotal 1~·7 t/dNos e ~.2 ~/A 51.0 Ab/A .52 

t/dN+A 5·20 t/dAft 2.00 Sr/A 24.6 9b 4.020 

Designation: 20 

Test: Bellum Gun 

Remarks : This model 3 scale of model 19 (fig . 27 ). 

Figure 28. 
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Figure 28.- Concluded. 

1.3 1.4 



64 

f.-i-~~ 
~ -r05 

10. 8 -------1 

14 .27----------~ 

x/~ 

~/dTotal 9·51 ~/dNose 2.61 ~/A 30.6 

~/dN+A 5.34 ~/dAft 2.61 Sf/A 11.0 

Designation: 21 

Test: Helium Gun 

Figure 29. 
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9b 1-.2. 60 
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Designation: 22 

Test: HellU111. Gun 

Figure 30. 
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r-1.8i.L 
1-c==:oF .05 
~.~~W J fl4-------- 14.294 .., 

40.~ __ "·5--L--97 ~ ~.~~ 1201 
[1010. ~ ~ 

x/L 

L/ dTotali 14 .29 L/dNose ' ... 79 ~/A 151.9 Ab/A ~2 

L/dN+A \).79 l./dAft Sf/A Sb It.Ol 
0 

2,,00 24.6 

Designation: 23 

Test: Helium Gun 

Figure 31. 
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28. 88 ------o..j4:!.~ 

3.75R 

L4364 

x/L 

L/ dTota1 C).au L/dNoS6 O.C)O st,/A 19.00 Ab/A .19 

L/dN+A c). au '/dAft C).~ Sf/A 11.0 9b 7° 

Designation: 24 

Test: Rocket 

Remarks: Hemispherical nose; parabolic afterbody. 

Figure 32 . 
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r/R 

• 

~7.5-1 
2.5-\ H_h 

<-==>" 0 .2 
t 

NAeA TN 4201 

~7.5~ 
1----------- 60.3 ---- ---+01 

-,-

x/ L 

L/ dTotal 12.9 L/ dNoae ~.10 &cIA ';l.8 Ab/A 

L/ d N+A 5.84 ~ /dAft 2.74 Sf/A 12.4 Bb 

Designation: 25 

Tea t: Rooket 

Remarks : Sting may have some effect on friction drag but hardly any 
on pr essure drag . 

F i gure 33. 
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1-,1.8,-1 . 
~~ --r.05 

9.75----------;~ 

14--------13.17 -------------1 

x/t 

L/dTotal 8.78 L/dNos e 3.00 &c/A 26.20 

L/dN+A 6.00 l./dAft '3.00 Sf/A 11.0 

Designation: 26 

Test: Helium Gun 

Figure 34. 
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Figure 34.- Concluded. 
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Dasignat1on: 27 

Test: Rocket 

45.32 -------'------+1 

.4 ·5 
x/ t 

.6 

Remarks: Parabolic nose and afterbody . 

Figure 35. 

NACA TN 4201 

T 

.1 .8 1.0 



NACA TN 4201 

Gn 

6 
SoxlO 

20 I::. • ••• •••••• I-b.... . .. : .. .. ii .,: ':2H:§ .. ··cc ft . .. =- •• '.. I ', · ••• "" 1"'. 'Ei . j!.' 

:.::: :::: .. ·.!!i'H •.. .,? •• , •• ~··.;;i l :ilp,; •• m,"· IS; ...;.ttl:l w •. 

•••. •. ' '1 I ". '., ',11 '. . .j I't: 1= c4' lif! 
I": ... · ...... H"I, .!§i 1:;:. :F 

•... F"" •• . .r:;EV ..... ," :;:;: 
• 5 

I H' I'!' ! ' Imllt IL. 2!l!Ji I11:t Ililllilll~: I~Ilt; ,., ~ IF' 
"·.1 .... , .•. I' .•• LL:I .··T I' ~ ', 1 " ~ .. 

. ': .. 
I' . 

l I.: •• , '", IY.;! I .. ",. ,. I ,: 
. 4 ' W I ' .' •. P Jl1 •.. .~ jj 

.~ 

.2 

.1 

a 
.6 

1 •.• I .•••••. I ••• 

. 

I I. I 
I.·: ••.••. ,: II' 

/ . 

~. ii: 

.S 

l.f '.E. I :.~ 
• ·,· 11 "' I 'J ·• .• 1 · 1 '" 

.:. "'1 
I 

.. ,: L 
F · • Ii •. L .. 
, I I 

--- Model a J; 1:.1 1 , .. 
---- Model b ..• 1 

,'" I';;' 

Lk 

1"':',. 

1.0 1.1 1.2 1.5 1.6 

Figure 35.- Concluded. 

77 



NACA TN 4201 

41.03 --____ ~ I<:::::::~== 

1. 

r/R 

1.0 

x/t 

L/ dTota1 6.04 t/dNoee L..8~ ~/A 16,,8L. Ab/A .1Q 

L/dN+A 6.04 ~/dAft 1.21 Sr/A 11 8b 2'i° 

Designation: 28 

Test: Rocket 

Remarks: Parabolic nose and afterbody. 

Figure 36 . 
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14------- 41.03 ----------1°1 
45.32-------~ 

. r/R~" __ " 
x/L 

L/dTota1 6 .04 L/ dNose 2.42 st,/A 18.~9 Ab/A .19 

L/ d N+A 6.04 ~ /dMt 3.62 Sr/A 11.0 9b 8 . 8 0 

Desi~nat lon: 29 

Test: Rocket 

ReI!lB.rks : Parabolic nose and afterbody. 

Figure 37 . 
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x/L 

L/ dTota1 6.~ L/dNos e 3.62 ~/A 17.64 Ab/A .19 

L/dN+A 6.a. ~/dAft 2.42 Sf/A 11.0 9b 130 

Designation: 30 

Test: Rocket 

Remarks : Parabolic nose and afterbody . 

Figure 38. 
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84 NACA TN 4201 

1. 

x/t 

L/dTota1 6.04 L/dNoae 3.71 St,/A 17.60 Ab/A .~7 

L/d N+A ~/dAft 2.33 Sf/A 9b 
0 

6.04 11.0 6.1 

~oa1gnation: 31 

Test: Helium Gun 

Figure 39 · 
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,,~II'2~~416 
~I~~ 

,05 
104------10.25 -------------1.;-.:...,: 

11.5 --------~ 
1. 

r/R 

x/. 

l./dTotal 9.6 1./dNoS8 5.01 5c>/A 31.6 Ab/A .69 
l./dN+A 6.08 l./dA1't 1.07 Sr/A 12.3 9b 5.450 

Designation: 32 

Test: Helium Gun 

Figure 40. 
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.6 

r/R 

.4 

.2 

L/ dTotal 114.6 
L/dN+A 6.10 

Designation: 33 
Test : Helium Gun 

14.59---------1 

x/t 

L/dNose 4.10 ~/A '>2.3 

~/dAft 2.0 Sf/A 24.6 

NACA TN 4201 

I?Ori. ~2.30 RAD. 

~ 

Ab/A .52 
9b 4.020 

Remarks : This model 1/5 scale of model 34 (fig . 42 ); thus pr essure 
drags of these two configurations should be the same . That they 
are not the same is obvious, however, if it is assumed that data of 
model 34 are in er ror in ~! about M; 0.05; then the subsonic 
levels and the early drag rises are compatible. This seems to be 
justified since the late drag rise of model 34 would be quite 
unusual if i t r eally occurred . Model 36 (fig . 44) is similar t o 
34 and showed the more usual earlier rise . The continued increase 
in drag coefficient of model 33 above M = 1 . 1 is also peculiar 
and is probably in error . 

Figure 41. 
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t · Rooket Tes . • 

Remarks : See f igure 41 . 

NAeA TN 420l 
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Figure 42. 
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.6\-l~ ~
'81 ' 

.05 

10.61 ------0+-. ...... 

r/R 

x/L 

L/ dTotal 19.32 L/dNoee 2.98 StJ/A 30.20 Ab/A 0.0 

L/dN+A 6.42 L/dAft 3.1.ili sf/A 11 0 9b 13 30 

Designation: 35 

Tes t: Helium Gun 

Figure 43· 
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,,,,:1 jZS Rod. 
I~ 

14----- 61 --------9'1 

75--------~ 

1. 

x/L 

L/ dTota1 15.00 L/dNoae 4.'50 StJ/A 52.6 Ab/A • ...i2 
L/dN+A 6.50 ~/dAft 2.00 Sr/A 24.6 9b 14.020 

Designation: 36 

Test: Rooket 

Remarks : See figure 41 . 

Figure 44. 
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x/t 

t / dTotal 10.87 L/dNoS6 2.71 ~/A 35.6 Ab/A 

t / dN+A 6.51 t/dA1"t 3.8 Sr/A 2.82 9b 

Designation: 37 

Test: HelIum Gun 

Remarks: Nondimensional ordinates identical to configuration 10 
(fig . 18) . 

Fi gure 45. 
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Figure 45.- Concluded. 
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1J·5'?J 

45°1 -I 
66.3 ------~ ----r-

10.0 

1------------80.9 --------~ 

.2 __ _ 

L/dTotall • 

Designation: 38 

Test: Rocket 

Remarks: Spike can affect friction drag but is not likely to affect 
pressure drag . 

Figure 46 . 
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f------- 7.06---------..00{-

I· 10 .5 

r/R 

x/t 

t/dTota1 7·00 t/dNose 2.80 5tJ/A 19.00 Ab/A 0.0 

t/dN+A 7.00 t/dA1't 4.20 Sr/A 11 .0 9b 12.90 

Designation: 39 

Test: Helium Gun 

Figure 47. 
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x/L 

L/ dTotal 7.16 L/dNose 1.81 St,/A 24.00 Ab/A 

L/dN+A 7.16 ~/dAft 5·35 sr/A 11.0 9b 

Designation: 40 

Test: Rocket 

Remarks : Flat nose having r /R = 0 . 57 flaired into parabolic segment 
by 3.02 radius; parabolic afterbody. 

Figure 48. 
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Figure 48. - Concluded . 
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-I~ C 025 

b= 39.73 __ t __ ~ ....... 
+ 

3.02R 

~ 5469 -------i 

1.: __ _ 

o 
x/L 

L/ dTota1 7.30 L/dNose 1.95 5t>/A 24.2 Ab/A 

L/d N+A 7·30 ~/dAft 5.35 Sr/A 11.0 9b 

Designation: 41 

Test: Rocket 

Remarks: Nose consists of hemispherical segment plus parabolic 
segment; parabolic afterbody . 

F i gure 49 . 
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r /R 

/-1.8--1 
-j.~H~ 

:.:::-:==::> 05 

f . • ~50 
9 .39--------+--

1

/ 

~----------------- 12.86--------~ 

x/~ 

~/dTota1 8.57 ~/dN08e ~.02 StJ/A 2<;.60 

~ /dN+A 7.33 ~/dA1't 14.31 Sr/A 11.0 

Designation: 42 

Test: Helium Gun 

Figure 50 . 
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40.13-----.j...:!::' 

55.09 ----------1 

x/t 

t / dTotal 7.35 L/dNoee 2.0 ~/A 22.70 Ab/A .1Q 

L/dN+A 7·35 L/dAft 5.35 Sf/A 11.0 ab 60 

Designation: 43 

Test: Rocket 

Remarks : Parabolic nose and afterbody . 

Figure 51. 
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Designation: 44 

Test: Helium Gun 

Figq.re 52 . 
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r/R 

~025 
f 

41.05,--------<~ ..... 

56.01-------..1 

x/ t 

t / dTota1 17.47 t / dNose 2.12 St,/A 24.~o Ab/A 

L/ dN+A 7.47 L/dAft 5.35 Sr/A 11.0 9b 

Designation: 45 

Test: Rooket 

Remarks : Conical nose with hemispherical and parabolic segments; 
parabolic afterbody. 

Figure 53 . 
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r/R 

-titi~==~C=0. 25 
f 

1+------- 42 .04----~ 

2.65R 

o . 1 .2 

L/ dTota1 7.60 

L/ dN+A 7.60 

Designation: 46 

Test: Rooket 

57.0 

L/dNose 

l./dAft 

·5 
x/ L 

2 . 25 

5.35 

St,/A 2').10 

sf/A 11.0 

Remarks: Nose with hemispherical and parabolic segments ; 
parabolic afterbody. 

Figure 54 . 
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I ~----- 42.40----~r__.J 

------ 57.36 ------- ----1 

x/L 

L/dTota1 7.66 L/dNoS8 2.33 Sc,/A 25·, Ab/A .19 

L/dN+A 7.66 ~/dAft 5.33 Sr/A 11.0 9b 70 

Designation: 47 

Test: Rocket 

Remarks : Nose consists of parabolic segment ; parabolic after body . 

Figure 55. 
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.6 

r/R 

.4 

.2 

NACA TN 4201 

f-~'8 -j .~ .6 
.05 

14.23------l-v 

~------------ 16 .88--------~ 

x/L 

L/ dTota1 10·9 L/dNoB8 6.00 ~/A 32.6 Ab/A 000 

L/dN+A 7.72 ~/dAft 1.72 Sf/A 11.0 9b 290 

Designation: 48 

Test: Helium Gun 

Remarks : Body differ s f r om configurations 49 and 50 (figs . 57 and 58 ) 
only in r emoval of Mach 1 area distribution of fins from after bodies 
of these models . 

Figure 56. 
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~Hh 1_ J ~=------.--,-.. 05 rl.81 
, --------~f--

14------ - 9.6----.... 
2.55 

x/L 

~ /dTotal 1l·5( ~/dNo8e 6.0 Soo/A '5').')0 Ab/A 

L/dN+A 7.78 L/dAft 1.78 Sf/A 11.0 Bb 

Designation: 49 

Test: Helium Gun 

Remarks : Parabolic nose and afterbody; body identical to config
uration 50 . (See note for configuration 48 (fig. 56) . ) 

Figure 57. 
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~--------14.23-------~ 

17.18 ---------1 

x/L 

L/ dTotal 11.') L/dNoee 6.0 ~/A ~').') Ab/A 

L/d N+A 7.78 l./dAft 1.78 Sr/A 11.0 8b 

Designation: 50 

Test: Helium Gun 

Remarks : Parabolic nose and afterbody; body identical to config
uration 49 . (See note for configuration 48 (fig . 56 ). ) 

Figure 58. 
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Figure 58. - Concluded. 
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1. 

r/R 

1-1.8-/ 
--j .~H±-l 
~ ·05 -r 
13.20-----~ 

rl.~ 

1---------- \6.62 - ------ - --.4 

x/~ 

1. / dTota1 11.08 1/dNoe8 ~.42 Sj,/A ~.40 

l./dN+A 7.80 l./dMt 4.38 Sf/A 11.0 

Designation: 51 

Test: Helium Gun 

Figure 59 . 
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44.21 ------->1""---.. 

59.17 

1.: ___ ... 
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o 

L/ dTota1 7Q L/dNos e 

L/dN+A 7·9 ~/dAft 

Designation: 52 

Test: Rocket 

·5 
x/L 

2,S? 

5·33 

st,/A 

sr/A 
2" .. 70 Ab/A 

11.0 9b 

Remarks : Nose consists of hemispherical and parabolic segments; 
parabolic afterbody . 

Figure 60 . 
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.1 .2 

L/ dTotal 
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Designation: 53 

Test: Helium Gun 
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Figure 61. 
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I' .7tt·3!8 
<:::::::"5' f .032 

t-------- - 8.21 

t--------- 7. 34 --------<¥_ 

~------- 10 ----------~ 

r/R 

1.0 

x/ L 
L/ d Total B.o L/dNos e 4.66 ~/A 23.16 Ab/A .17 
L/dN+A B.o t/dAft ~.44 Sf/A 5.8 ab 9.50 

Designation: 54 

Test; Helium Gun 

Figure 62 . 
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I

- 9.472-7.*.888 IO.O====::Jl 

ee~ 5i1~" 
~-'032-
Section A-A 

x/~ 

~/dTotal 8.0 ~/dNo8e 4.0 ~/A 26.3 Ab/A 0 

~/dN+A 8.0 ~/dAft 4.0 sr/A 4.43 9b 14.00 

Designation: 55 

Test: Helium Gun 

Figure 63. 



NACA TN 4201 

6 
12 )( 

10 

8 

R 6 · 

.2 

.1 

o 

133 

.0 1.1 

M 
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f-I.S--J 
-1·~J-~L 
~--r.05 

18·0 

x/L 

L/ dTota1 12.00 L/dNose 3.00 St,/A 

L/dN+A 8.00 L/dMt 5.00 Sr/A 

Designation: 56 

Test: Helium Gun 

Remarks : Conical nose and afterbody . 

Figure 64. 
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f---------- 18.0 -------------1 

L/dTotal 

L/dN+A 

Designation: 57 

Test: Helium Gun 

Remarks : Nose, r ' 

X/L 

12.0 L/dNose ~.O ~/A ~7.0C; 

8.0 L/dMt C;.O Sf/A 11.0 

2x' _ 1(x,)2 
2 

11: 
2 

conical afterbody. 

Figure 65 . 
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Figure 65 .- Concl uded . 
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o .1 .2 .3 

t/dTotal 12.00 

t/dN+A 8.0 

Designat ion: 58 

Test: Helium Gun 

18.0 

t/dNoae 

~/dAft 

·5 
x/t 

?oo 

'i.oo 

~/A ?8.?'i 
Sf/A 11.0 

Remarks: Nose, Von KBXman, r' = JL J~ -1/2 sin2~ where 
{; 

~ = cos-l(l - 2x'); conical afterbody . 

Figure 66 . 
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r/R 
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L/ dTota1 

L/dN+A 

Designation: 59 

Test: Helium Gun 

18.0 

12.00 L/dNos e 

8.00 L/dAf't 

·5 
x/t 

~.OO 

5.00 

~/A 

sf/A 

Remarks : Parabolic nose ; conical afterbody . 

Figure 67. 
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+~ ~ .05 

f 

18 

x/t 

L/ dTotal 12.0 L/ dNose ~.OO St,/A 38.78 Ab/A lq 

L/d N+A 8.0 ~/dAft ,.00 Sf/A 11.0 9b ~.2° 

Designation: 60 

Test: He11um Gun 

Remarks : Nose , L-V Haack, r' = ~ ~¢ - 1/2 sin2¢ + 1/3 Sin3¢ 
I{;{ 

where ¢ = cos- 1(1 - 2X' ). 

Figure 68 . 
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Test: Helium Gun 

Remarks: Nose , r' = x ,3/4 . 
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Designation: 62 

Test: Helium Gun 
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Designation: 63 

Test: Helium Oun 

Remarks : Nose, r' = x' 1; conical afterbody . 
2 

Figure 71. 
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X/L 

L/ dTotal 8.10 L/dNo811 2·73 &c/A 26.08 Ab/A 

L/ d N+A 8.10 ~/dA1't 5.37 Sr/A 11.0 9b 

Designation: 64 

Test: Rocket 

Remarks: Nose consists of hemispherical and parabolic segments ; 
parabolic afterbolic . 

Figure 72. 
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152 NACA TN 4201 

ioC------ -- 12.94-----_L' 

ioC--------- 16.40 ---------.1 

x/t 

t / dTotal 10.93 t/dNose 3.38 &o/A 34.10 Ab/A 0.0 

L/dN+A 8.20 L/dAft 4.82 sf/A 11.0 9b 90 

Designation: 65 

Test: Helium Gun 

Figure 73 . 
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Figure 73.- Concluded. 
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1. 

r/R 

-S-~==~C=O. 25 
t 

\..-------- 47.34---- --i 

x/t 

~ /dTotal 8.3 ~/dNolI8 2.96 ~/A 

~/dN+A 8.3 t/dAft 5.34 sr/A 

Designation: 66 

Test: Rocket 

26.5 Ab/A 

11.0 ~b 

Remarks: Nose consists of hemispherical and parabolic segments ; 
parabolic afterbody . 

Figure 74. 
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De signation 67 

Test: Helium Gun 

Figure 75. 
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Figure 75.- Concluded. 
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ts~c1 :1 Foe 

\---------- 79.4 ---------~ 

x/L 

L/ dTotal 8. 

Des i gnation: 68 

rest: Rooket 

Remarks : All conical sections. 

Figure 76. 
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Figure 76.- Concluded. 
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70.78 -----~ 

-j rl.72 

t 
14.75 

1---------- 85 .0 ------------...1 

x/L 

t/dTotal 8·5 t/dNose 3.60 ~/A 26.~0 Ab/A 

t/dN+A 8.5 t/dAft 4.90 Sf/A 9.7L. 9b 

Designation: 69 

Test: Rooket 

Figure 77. 
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1.03 

1. 

o 

1-0-------- 48.80 ------1 

63.76-----------i 

x/t 

~/dTota1 8.5 ~/dN08e 3.16 St,/A 26.80 Ab/A 

t/dN+A 8.5 t/dAft 5.34 sf/A 11.0 9b 

Des ignation: 70 

Test: Rocket 

Remarks: Nose consists of hemispherical and parabolic segments; 
parabolic afterbody. 

Figure 78. 
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Figure 78.- Concluded. 
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~05C 
--IE::::==------ ------

68.8 ------------..1-1 

Designation: '71 

Test: Rocket 

Figure 79 . 
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.70R 

~025 , 
49.79 

1-------- 64.79 --------------1~ 

x/t 

t/dTota1 8.65 t/dNose 3.28 ~/A 27.3 Ab/A 

t/dN+A 8.65 l./dAft 5.37 Sr/A 11.0 9b 

Designation: 72 

Test: Rocket 

Remarks: Nose consists of hemispherical and parabolic segments; 
parabolic afterbody . 

Figure 80. 
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~1: 8.~ . 

~05 -r 1------ 9 . 62------~-__1..,..... ..... 

13.22-----------l 

r/R ':.: 

x/ L 

L/ dTotal 8.81 L/ dNoae 4.04 &c/ A 28.8 
t / d N+A 8.81 L/ dA1't 4.77 Sf/A 11 

Designation: 73 

Test: Helium Gun 

Figure 81. 
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Figure 81.- Concluded . 
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o 

13.36 ~
60.48" 

---~~1L-

~ GG.' ------.j 

.1 .2 

t / dTota1 8.91 t/dNoee 

t/dN+A 8.91 '/dAft 

Designation: 7ll 

Test: Roolcet 

Remarks : Paxabolic nose and afterbody . 

.5 
x/t 

1.78 

7.13 

~/A 

Sf/A 

Figure 82. 
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.6 

r/R ..... . 4 

.2 _____ --

.9 1.0 

x/L 

L/ dTota1 8.91 L/dNose 7.B ~/A 2h.& Ab/A 1Q 

L/d N+A 8.91 L/dAft 1.78 Sf/A 11.0 9b 18.~o 

Designation: 75 

Tes·t: Rooket 

Remarks : Parabolic nose and afterbody . 

Figure 83. 
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Figure 83.- Concluded. 
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x/£ 

t/dTota1 8.91 t/dNos e ~.')6 ~/A 27.00- Ab/A 1Q 

t/dN+A 8.91 t/dAt't 5.35 Sf/A 11.0 9b 6.00 

Designation: 76 

Tes t: Rocket 

Remarks : Parabolic nose and afterbody; waviness of coefficient of low 
Mach number models is probably due to after burning of their sustainer 
rockets. 

Figure 84. 
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~------ 60.48"----__ 

1----- 40.09" c... ---.I 

66.81"-----~ 

x/ t 

~/dTota1 8.91 ~/dNose ';.3'; 5tJ/A 26.02 Ab/A .19 

~/dN+A 8.91 ~/dAft 13.';6 Sr/A 11.0 9b 110.20 

Designation: 77 

Test: Rocket 

Remarks: Parabolic nose and afterbody . 

Figure 85 . 
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Figure 85.- Concluded. 
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x/t 

t/dTotal 8.91 t/dNose 7.B St,/A 26.10 Ab/A 1 00 

t/dN+A ~.9l l/dAft 1.78 Sf/A 11.0 9b 0° 

Designation: 78 

Test: Helium Oun 

Remarks : Parabolic nose . 

Figure 86. 
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Figure 86.- Concluded. 
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Ioe--- 10.4 

f.;: 1.8~ 
~05 

t 

1---- ----- 13 .36 ----------~ 

x/ ~ 

L/ dTotal B.en L/ dNofle h.n ~/A I;>>; .,n 
L/ dN+A iB.ql L/dAft 11 .7A Sf/A I" .n 

Des ignation: 79 

Test: HellW11 Gun 

Figure 87. 
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r/R 

~1.8-l 
-j .~H~ 

t t= 
~ .05 

1 _0,4_~ 

13.36 --------... 

x/t 

L/ dTota1 8.Q1 t/dNoe8 7.13 ~/A 21..8 
L/dN+A 8. cH L/dAft 1.78 Sf/A 11.0 

Designation: 80 

Test: Helium Gun 

Remarks : Parabolic nose and afterbody . 

Figure 88. 

NACA TN 4201 

Ab/A .1Q 

ab 17.0;0 



NACA TN 4201 

R 

:" : .. 
~;i;::i~ • :'f: ,Ill ':I_f,1f" I': :"T' ffi: 

10 ::I::. " ::tt . ii!t 17 : tttl i:tij' '.' ill 
i~~~" ,,:~ Iffi l ffii:

' 
.1 ,. 

'1' it. •• ',', iJn 11 'ii, 

• 1m :,fllli:W .il11.: iJ :, :.' :,: j:":: L§.~t~ 
ill' :, .:: .;i! "': ;"'" ".:: '::i':'" 
iii:; ••• ·9 : =:i::":: '.' [i ';:,' '':;:::, 

.1::: ::3 

.' "·::i" ." ::,,'.;1; , 
=, 

, ,;.;. : ,';i ;~;lt!:,jii'i!JJ .,.~. i;:' j. ' ..... 

F:tt~':E~';j:' ~:~~,.g::if~'l~~~E"·m'·'~':~'i;;;m;1L~"Ia~ii~ oE 'li it,I'" ":i" 
.7 .B .9 1.0 1.1 1.2 1.~ 

II 

Figure 88.- Concluded . 



184 NACA TN 4201 

~~'8 -j.~ .6 
.05 

1 0.4 ---------'----~c.;,; 

13.36 -------.-1 

o .1 1.0 

x/t 

~/dTotal 8.91 ~/dNo8e 7.Pi ~/A 21).4 Ao/A .49 
~/dN+A 8.91 ~/dAft 1.78 Sr/A 11.0 Elo 9.60 

Designation: 81 

Test: Helium Gun 

Remarks: Parabolic nose and afterbody . 

Figure 89. 
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Figure 89.- Concluded. 
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~I.~~ , 

~~05 
f 

\4------ lOA --------~"_V 

I 3. 36------------i 

x/L 

L/dTota1 8.91 L/dNose 7.13 ~/A 24.2 Ab/A .19 

L/dN+A 8.91 t/dAft 1.78 Sr/A 11.0 9b 9° 

Designation: 82 

Test: HelIum Qun 

Remarks : Parabolic nose ; conical afterbody. 

Figure 90. 
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Figure 90.- Concluded. 
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~1.8-l . 
-1~±=-L !<=::2 .05 

t 
IDA 

13.36 --------------

x/ L 

L/ dTota1 8.91 L/dNose 7·13 ~/A 25. 10 Ab/A .49 

L/dN+A 8.91 L/dAft 1.78 Sr/A 11 Bb 4.87 c 

Designation: 83 

Tes t: Helium Gun 

Remarks: Parabolic nose and afterbody. 

Figure 91. 
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Figure 91.- Concluded. 
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~ 1.8-/ 
~.05 

t 

~----------------- 13.36 

xl'" 
7, / dTotal 8.91 7,/dNose 4.66 
7,/dN+A 8.91 7,/dAft 4.22 

Des1gnat1on: 84 

Test: Helium Gun 

~/A 24.5 Ab/A 

Sf/A 11.0 9b 

Remarks : Contour of nose and afterbody exactly the same as those 
of configuration 85 (fig . 93) . 

Figure 92. 
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1---------- 15.79 ---------.j 

18.75--------~ 

x/ t 

t / dTotal 12.5 L/ dNose _4.66 St,/A ~8.8 

L/ dN+A 8.91 L/dAft 4.22 Sf/A 11 .0 

Des i gnation: 85 

Test: Helium Gun 

Remarks: contour of nose and afterbody exactly the same as 
configuration 84 (fig . 92) . 

Figure 93. 
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Figure 93. - Concluded. 



194 

1. 
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14.610 

12.575 --------..l, 
T 
2.0 

< t 

Designation: 86 

Test: Helium Gun 

Remarks: Flat face of model caused high subsonic drag. (See also 
configuration 47 (fig . 55) · ) 

Figure 94. 
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Figure 94.- Concluded. 
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r-1.?-;l..500 

~ 
ll25 

r--------- 54.50 ----

r------------- 65.68 

x/L 

L/dTotal 19.~8 L/ dNos e 3.63 st,/A 

L/dN+A 19. ~8 L/dMt 5.75 Sf/A 

Designation: 87 

Test: Rocket 

Remarks: Parabolic nose and afterbolic. 

Figure 95 . 
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Remarks: Parabolic nose and afterbody. 

Figure 95. 

1.~ 1.4 1.5 1 .6 1.7 

~ 
(") 

~ 

~ 
+0-
I\) 
o 
f-' 

f-' 
\0 
---.:J 



198 NAeA TN 4201 

~------- 48.0----_~ 

66.83 

Designation: 88 

Test: Rocket 

Remarks : Parabolic nos. and afterbody. 

Figure 96 . 
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Figure 96.- Concluded . 
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~4'~11 
~185 

1-------- 53.25 

65 

~/dTotal 10.0 ~/dN08e 4.00 
~/dN+A 10.0 ~/dA1't 6.00 

Designation: 89 

Test: Rocket 

Remarks : Parabolic nose and afterbody . 

~/A 

sr/A 

Figure 97 . 
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--j 4.95L 
===-' N ACA 65A 006 

x/~ 

~/dTota1 10.0 ~/dNose 4.7~ ~/A 29.6 Ab/A .1'i 

L/d N+A 10.0 '/dAft "'.27 Sf/A 17.76 
9b 6 .h<;0 

Designation: 90 

Tes t: Rocket 

Figure 98 . 
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Figure 98.- Concluded. 

203 



204 NACA TN 4201 

~025 
f r9 1 

___ 6_1-77=====l~l= ~ 
79.04 -----~~I 1.:,, __ _ 

.6 •• 

o 
x/t 

t / dTotal 10.54 t/dNose 5.38 ~/A 34.40 Ab/A 

L/dN+A 10.54 L/dAft 5. 16 Sr/A 11.0 8b 

Designation: 91 

Test: Rooket 

Remarks : Nose consists of hemispherical and parabolic segments ; 
par abol ic afterbody . 

Figure 99. 
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Figure 99.- Concluded. 
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12.7--------------------~~~~ 

x/t 

t/dTota1 10.63 L/dNose 7.13 ~/A ".0 Ab/A 1.0 

t/dN+A 10.6, t/dA1't '.50 Sr/A 11.0 9b 0° 

Designation: 92 

Test: Helium Gun 

Remarks : Parabolic nose ; cylindrical afterbody. 

Figure 100. 
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Figure 100.- Concluded. 
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~ t .05 45
0 

rl.s-1 
12.7 ---------.....r.~ ---r 

r-----------15.96 --------.. 0.41 

x/t 

t / dTota1 10.63 t/dNoae 7.13 ~/A 31.60 Ab/A .49 

t/dN+A 10.6.3 t/dAft .3·50 sr/A 11 9b 5.40 

Designation: 93 

Tes t: Helium Gun 

Remarks : Parabolic nose and afterbody . 

Figure 101. 
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12.7 

15.96 ----------'-1 
1. 

x/L 

L/ dTotal 10.63 L/dNoe8 7.1'5 ~/A ~0.06 Ab/A .1Q 

L/dN+A 10.63 ~/dAft 3.1)0 Sf/A 11.0 ab 111 80 

Des1gnat1on; 94 

Test: He11U11l GUll 

Remarks: Parabolic nose and afterbody . 

Figure 102 . 
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Figure 102.- Concluded. 
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r/R 

~ 
r·8 

-j.~ .6 
.05 

~-----------12 . 7----------------~~/ 

r-1•8-1 ,-
2.5 

* 

15.96 

x/~ 

~/dTotal 10.63 L/dNoae 7.13 ~/A 28.30 Ab/A 

L/dN+A 10.63 l./dA1't 3.'20 sr/A 11.0 8b 

Designation: 95 

Test: HeliWII Gun 

Remarks : Parabolic nose and afterbody . 

Figure 103. 
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Figure 103 .- Concluded . 
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132'O2: _ _ __ -+!<454;..:;.5~9 r- ,la5 A 
·1 

159.1 

Ir/R 

x/t 

~/dTota1 121.2 ~/dNo8e 7.16 St,/A 62.r; Ab/A 1Q 

~/dN+A \11.19 '/dA!'t 4.0} Sr/A 11.0 eb 4° 

Designation: 96 

TeRt: Rooket 

Remarks : Conical nose and afterbody. 

Figure 104. 
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Figure 104.- Concluded. 
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-tH1=: .25 

x/t 

~/dTota1 17.2 ~/dNo8e 7.16 ~/A h8.8 Ab/A 1Q 

~/dN+A 11.19 ~/dA1't h.o~ Sf/A 11.0 9b hO 

Designation: 97 

Test: Rooket 

Remarks : Conical nose and after body . 

Figure 105. 
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Figure 105.- Concluded. 
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\-1.8-1 
-j~H~ 
~ .05 

f 45 0 ~1.81 
t4----- 14.8 -----------+1..:..:::.. -r 

~--------18.20----------~ 

x/t 

t / dTota1 12.13 L/dNose 7.13 ~/A 3.8.9 Ab/A 

L/dN+A 12.13 L/dA1't 5.00 Sr/A 11.0 9b 

Designation: 98 

Test: Helium Gun 

Remarks: Parabolic nose ; cylindrical afterbody . 

Figure 106. 

NACA TN 4201 

1.00 

0° 



NACA TN 4201 

12 

R 10 

8 

6 

.4 

CD 
.2 

.1 

1.0 

M 

1.1 1.2 

Figure 106.- Concluded. 
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r-i'~~ . 
~05 

t 45° rl.s-j 
14 .8 ---------~~ T 

2.5 

NACA TN 4201 

14---------- 18.20 ---------+l·1 ~ 120" 

.9 1.0 

XI L 

L/dTotal 12.13 L/ dNos e 7.13 ~/A 36.9 Ab/A .uQ 
L/d N+A 12.13 L/dAft 5.00 Sf/A 11.0 9b 3.l!2 

Designation: 99 

Test: Helium Gun 

Remarks: Parabolic nose and afterbody . 

Figure 107. 
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Figure 107.- Concluded . 
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_____ =-_,..-.05 

14---14.8 

18.20 ---------....., 

1. 

x/L 

L/dTotal 12.1"l1i t/dNose 7.13 ~/A 3').8 Ab/A .h.q 

L/dN+A 12.13 t/dAft 5. 00 sf/A 11.0 8b 1.7 0 

Designation: 100 

Test: Helium Gun 

Remarks : Parabol ic nose ; conical afterbody. 

Figure 108. 



NACA TN 4201 

R 10 

8 

6 

.~ 

CD .2 

.1 

o 
.7 .8 .9 1.0 

M 

Figure 108.- Concluded. 
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~\.8-l 
1~H~ ~ .05 

f 
1000----14.8 

18.20 

L/ dTota1 12.BI L/dNose 

L/d N+A 12.13 L/dAft 

Desi gnation: 101 

Test: Helium Gun 

x/L 

7.13 

5.00 

Remarks : Parabolic nose ; conical after body . 

st,/A 

sf/A 

Figure 109. 
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Figure 109. - Concluded. 
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~ 1.8-1 , 

~05 f 450 ~1.81 
14.8----------_1-.,~/ -r-

NACA TN 4201 

r/R4 .. ___ _ 

x/L 

L/ dTotal 12.13 L/dNoS8 7.13 5t>/A 35.20 Ab/A 19 

L/dN+A 12.13 ~/dAft ').00 Sr/A 11.0 9b 6.k° 

Designation: 102 

Test: Helium Gun 

Remarks: Parabolic nose and afterbody . 

Figure 110. 
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Figure 110.- Concluded. 
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f- 1.8 -j . 
--j~H .~ 

<=2 .05 !... .J 

L=_1_4._8 ======f======~f 
~~ - 18.20---------1 

x/ L 

L/ dTotal 12.13 L/dNose 7·13 ~/A 32 .2 Ab/A 

L/d N+A 12.13 ~/dAft 5·00 Sf/A ll.O Bb 

Designation: 103 

Test: Helium Gun 

Remarks : Parabolic nose and afterbody . 

Figure 111. 
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Figure 111.- Concluded. 
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I-

I-
1. 

NACA TN 4201 

~9 
~17.5~ 

129 

146.5 

xjL 

L/ dTota1 112.2 L/dNose 7, r; 5tJ/A ~6. ~ Ab/A 

L/d N+A 112.2 ~/dAft L..7 Sr/A 
~o.B 

9b 

!)es1gnat1on: 104 

Test: Rocket 

Remarks : Parabolic nose and afterbody twice scale of model 105 . 
Calculated friction drag coefficients are obviously too high. 
(See note for model 105 (fig. 113) about oscillations in drag 
curves . ) 

Fi gure 112 . 
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Figure 112.- Concluded. 
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NAeA TN 4201 

129 

~-------------146 . 5--------------------~'-__ ~ 

.2 

L/ dTotal ~2.2 

L/dN+A 2.2 

Designation: 105 

Test: Roc ket 

~/dNose 

'/dA!'t 

·5 
x/ L 

7.5 

4.7 

St,/A 

Sf/A 

Figure 113. 

36.3 Ab/A .364 
Bb 

0 
30.8 7.6 
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84.84 

.1 1.0 

x/t 

t/dTotal 12.5 L/dNo88 2.<; st,/A '5Q.6<; Ab/A .1Q 

t/dN+A 12·5 L/dAft 10.00 Sf/A 11.0 9b :3 .2° 

Designation: 106 

Test: Rocket 

Remarks : Parabolic nose and afterbody. 

Figure 114. 
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Figure 114.- Concluded. 
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1-------- 74.98 

1---------- 9 3.72 

r/R 

x j L 

L/ dTotal 12.'5 ~ /dN08e 10.00 ~/A 34.85 Ab/A .1Q 

~ /dN+A 12·5 ~ /dAft 2·5 Sf/ A 11.0 9b 12.60 

Designation: 107 

Test: Rocket 

Remarks : Parabolic nose and af'terbody . 

Figure 115. 
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Figure 115.- Concl uded . 
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84.84------~ -r~025 
37.49--l 

93 .72 ----------.1 

.2 

o .1 

x/L 

L/ dTotal 12.'5 L/dNose '5.00 ~/A ~8.10 Ab/A lQ 

L/dN+A L/dA1't Sf/A 9b 
0 

12.'5 7.'50 11.0 4. 3 

Des ignation: 1 08 

Test: Rocket 

Remarks: Parabolic nose and afterbody; both models appear to have been 
affected by rocket afterburning which caused the wavy curve of CD 
at supersonic Mach numbers. 

Figure 116 . 
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Figure 116.- Concluded. 
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r- 0.25 

t 

NACA TN 420l 

'----------76.45 ------~;.. f f 1 
__ --------------~~~~ __ 11.~8~ 

r-------- 93.72 

xjt 

t / dTota1 12.') t/dNose 7.50 StJ/A 36.50 Ab/A .19 

t/dN+A 12.5 t/dA1't 5. 00 Sr/A 11.0 ab 6. 4
0 

Designation: 109 

Test: Rocket 

Remarks : Parabolic nose and afterbody . 

Figure l17. 
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Figure 117.- Concluded . 
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~
'8 

.6 .6 
.05 

16 .51 -----.-
1-1.81 

--r 
__ ----------------------~LL~~ 
~-------- 1875----------~ 

x/L 

L/dTotal 12.5 L/dNose 6.25 ~/A 33.40 Ab/A 

L/dN+A 12·5 ~/dAft 6.25 Sr/A 11.0 9b 

Designation: 110 

Test: Belium Gun 

,)/ 4 
Remarks : Nose and afterbody, r' = x . 

Figure 118. 
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Mr025 
t 

14------ 111.58 --- ------+/ 

133. 2 ----------1 

x/ L 

L/ dTota1 17.78 L/dNose 10.62 st/A 52 0 Ab/A .19 

L/d N+A 17.78 l./dAft 7·1 Sf/A 11.0 9b 4.60 

Designation: 111 

Test: Rocket 

Remarks: Parabolic nose and afterbody . 

Figure 119 . 
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Figure 119 .- Concluded . 
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-t~t r- 0 .25 

~ 

f 

l 157.4 ~JII:89 ~ 
~ ·1 

183.8 

1. 

x/t 

~/dTota1 2h .S ~/dN08e 11.7 ~/A 71.6 Ab/A _ 1 0 

L/dN+A 24·5 t/dAft 9.8 sr/A 11.0 9b 3.3
0 

Designation: 112 

Test: Rocket 

Figure 120. 
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Figure 120.- Concluded. 
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Ti-I ____ 4_.4_0 ======F:'!---5 ~---..ll 
1.00 

~~------------~ 

x/~ 

L/ dTota1 3.67 L/dNose ~/A 12.4 Ab/A 1.0 

L/dN+A ~/dAft Sr/A 0 8b -7.6° 

Designation: 113-114-115 

Test: Helium Gun 

Remarks: Curves presented are faired values obtained from the drag of 
two models for each of the configurations . In each case the drags 
of the identical models were quite close, indicating that the models 
were at essentially 00 angle of attack since it does not appear 
reasonable that the drag due to oscillations would be a repeatable 
phenomena . 

Figure 121. 
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Figure 121.- Concluded . 
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5.60 -------f" 

x/t 

L/dTotal " .. 2li L/dNoee St,/A lli .1 Ab/A .ch 
L/dN+A 5.23 ~/dA1't Sf/A s.B 9b ,,_,,0 

Designation: 116 

'l'es t: Helium Gun 

Figure 122. 
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Figure 122.- Concluded. 
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I-;:- 1.8~ 7.6 6 

I~r-~ ; ___ .05 T 
4.9 2.53 

x/L 

L/dTota1 ').26 L/dNos e &a/A 24.79 Ab/A .14 
L/ d N+A ').26 l./dAft Sr/A 11.64 Elb 23090 

Designation: 117 

Test: Helium Gun 

Figure 123. 
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Figure 123.- Concluded. 
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f-~'6 -j.6J-l.6 
·05 

5.20-----~ 

r------- 7.88 -----------------1 

x/t 

t/dTota1 15.29 t/dNose ~/A 16.0 Ab/A .2-.3.. 
t/dN+A ~.29 

t/dAft Sf/A 11.64 9b l.1.-.3..0 

Designat1on: 118 

Test: He11Ul1l Gun 

Figure 124. 
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Figure 124.- Concluded. 
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I.~ .6 r::~.8 
.05 

1+---- 5 .14 -------~ 

14------- 7.99---------L--~ 

.6 ___ 111 

.9 1.0 

x/t 

t / dTotal 5.36 t/dNose ~/A 10;.6 Ab/A .Oq 

t/dN+A 5.36 t/dAft Sf/A 11.28 9b 12L..2o 

Designation: 119 

Test: Helium Gun 

Figure 125. 
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Figure 125 .- Concluded. 
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-j~II-L~050 
~ f 

14------- 56 -------1 

7.75 -------\ 

NAeA TN 4201 

1.~ ___ _ 

.1 .2 

x/t 

t/dTota1 5.45 tjdNoae ~/A 14.1 Ab/A .~ 

t/dN+A 5.45 t/dA1't sr/A 6.~a 8b 5.50 

Designation: 120 

Test: Helium Gun 

Figure 126. 
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Figure 126.- Concluded. 
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r:,I.~ ::! ' 
~ ~05 

6.0 ------.-/ 

8.53 ---------~___I 

1.0 

x/L 

L/dTotal 5.68 L/dNoee ~/A 16.6 Ab/A . • 17 
L/dN+A .5.68 L/dAft sr/A 11.,6 9b 120.20 

Designation: 121 

Test: Helium Gun 

Figure l27. 
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t 
~------ 6 .85 --------./ 
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~/dTotal 6.00 ~/dNoee 2.">i.L 

t/dN+A 6.00 t/dAft ~.h6 

Designation: 122 

Test: Helium Gun 

St,/A 

Sr/A 

Figure 128. 
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Figure 128.- Concluded. 
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r,I.~1 
-1~ f .05 

8 .6 ------1 

L/ dTota1 6.66 
L/dN+A 6.66 

Designation: 123 

Tee t: Helium Qun 

L/dNoee 

L/dAft 

·5 
x/t 

~/A 

Sf/A 

17.19 

9.22 

Remarks : Subsonic flow probably separated at rear step . 

Figure 129. 
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Designation: 124 

Test: Helium Gun 

Figure 130. 
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8 .0 ----_1.:-

x/~ 

~/dTotal 6.84 ~/dNolle ~/A 18.2 Ab/A 

t/dN+A 6.84 '/dAft Sr/ A 10.76 9b 

Des ignation: 125 

Test: Helium Gun 

Remarks: Although the calculated friction drag indicates that the fins 
may be in turbulent flow at subsonic values of M, it is possible 
that they may be in laminar as their low Reynolds number would 
predict . The drag differ ence between the laminar friction calcu
lations and the experimental subsonic values may be due to sepa-

ration over the base (~ ~ 0 .970) and over the for ward step at 

" ; 0 . 4 . 
l 

Figure l 31. 
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Figure 131.- Concluded. 
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x/t 

t/dTota1 6.86 L/dNoae &c/A 21.15 Ab/A .18 

t/dN+A 6.86 L/dAft Sr/A 12.2 Elb 180 

Designation: 126 

Test: Helium Gun 

Figure 132. 
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10.2 --------+1 

.1 .2 

x/L 

~/dTotal 6.95 l./dNos e ~/A 19.9° Ab/A .20 

~/dN+A 6.95 l./dMt Sf/A 11.64 9b 8.80 

Designation: 127 

Test: Helium Gun 

Remarks : Assuming separation at step (~'" 0 .9) and subsonic 

Cp = - 0 . 1, the subsonic base drag would be C~ase = 0 .1 x 0 · 5 = 0 . 05 · 

This would indicate that subsonic fin flow was laminar . 

Figure 133· 
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.62~2. , 

t------- 6 .53 -------t 

x/t 

L/ dTota1 6.98 L/dNose 5t>/A 
L/dN+A 6.98 '/dA1't sf/A 

De s i gnat ion: 128 

Test: HelIum Gun 

Figure 134. 

NACA TN 4201 

T 
2.5 

21.16 Ab/A .26 

11.8 Elb 110.30 



NACA TN 4201 275 

3 

ill 

I 111 
6 

R ,1:0:" II 
4 

2 

ltill ' 

0 t!!ii"Ilil!!' 

.4 I 
hi [jjj I~ • Ii!!J 

.3 I,:i i!C lifli Model 
0 

I ti b 
CD mE 

.2 

Ii' ' 

.1 imi 
mI, 

"'F." :ill 

o Iff: 'ij !FE 

.7 .9 1.0 1.1 1.2 1.3 
M 

Figure 134.- Concluded. 
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1200 1.:,, __ _ 
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L/dTotal 6.98 L/dNose ~/A 21.27 Ab/A .29 
L/dN+A 6.98 ~/dAft sr/A 11.8 9b 9.70 

Designation: 129 

Test: Helium Gun 

Figure 135. 



NACA TN 4201 

R 

1 o ~ ,6 

8 

6 

4 

2 

o 

.4 

.~ 

.1 

• o 
·7 

: 

, -
: 

I 

I 
.. 
• 8 1.0 

M 

!l!lllm!I 

.. 

I 

II 
Illlitlllil 

1.1 1.2 l.~ 

Figure 135. - Concluded. 

277 



278 NACA TN 4201 

-t.L 
<=:> ·05 

• 
8.0 

10.6 ----------.( 

x/t 

t/dTotal 7.08 1./dNoS 8 Sr,/A 19.4 Ab/A 0.0 

l./dN+A 7.08 l./dAft Sf/A 13.00 9b 900 

Designation: 130 

Test: Helium Gun 

Remarks : Subsonic flow probably separated about T; 0·97 · 

Figure 136. 
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Figure 136.- Concluded. 
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.6~Hh 
<:::5 .05 
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6 ·54 ------~ 

10.20 

L/ dTota1 11.08 L/dNose 

L/dN+A 17. 08 L/dMt 

Des i gnation: 131 

Test: Helium Gun 

x/L 
st,/A 

sr/A 

Figure 137. 
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L/dN+A 7.08 l./dAft Sf/A ~.1j6 9b 6.ljo 

Designation: 132 

Test: HeliulII Oun 

Figure 138. 
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Figure 138.- Concluded. 
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ti·81-j 
~.05 

~-----------8.1 --------------~~ 

x/t 

t / dTotal 

Designation: 133 

Test: He11um Gun 

Remarks : Flow is pr obably separated at subsonic speeds . 

Figure 139. 
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8 .12. -----------404 ..... :.' 

• 
10-------- 10.997 

o .1 

x/t 

L/dTotal 17. ~'5 L/dNose St,/A 21.70 Ab/A 

t/dN+A 17.33 t/dAft Sf/A ll.70 eb 

Designation: 134 

Test: Helium Oun 

Remarks : Pr obable that subsonic flow was l aminar . (See note for 
model 125 (fig. 151 ). ) 

Fi gure 140 . 
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Figure 140.- Concluded . 
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I-I.B-el 
-l.~~~ 
~ t .05 

B.6 -------~ .. :..' 

x/L 

L/dTotal 7.42 L/dNose ~/A 

L/dN+A 7.42 t/dAft sr/A 

Designation: 135 

Test: Helium Gun 

Remarks : Subsonic drag looks too high. 

Figure 141. 
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Figure 141.- Concluded. 
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x/'" 
l,/dTotal 7.55 l,/dNose St,/A 18.7 Ab/A .08 

l,/dN+A 7.55 ~/dAft sr/A 6.63 8b 5.00 

Designation: 136 

Test: Helium Gun 

Figure 142. 
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11.551 -=;==~~~ 

x/L 

L/dTotal 7.7 L/dNose st,/A 18.8 Ab/A 00561 

L/dN+A 7.7 L/dAft Sr/A 11.95 9b 90° 

Designation: 137 

Test: Hellum Gun 

Figure 143. 
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~
73 

.36 .36 

.032 

10.------ 8 .21 

, 

--7(-<: ~:;C:::~ -+-_--I_ 

------+-'-~ 1.758=.1 

10.0------------l 

x/L 

L/dTota1 17.75 L/dNose ~/A 2.0.90 Ab/A 

L/dN+A 17.75 ./dAft Sf/A 5.78 9b 

Designation: 138 

Test: Helium Gun 

Remarks : Remarks for configuration 125 (fig. 131) may apply to these 
models also . 

Figure 144. 
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Figure 144.- Concluded. 
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f+-------- 8.17 .. ,/ 

11 .64 ---------.-j 

x/t 

t/dTotal 17.76 t/dNoS8 ~/A 21. '1L. Ab/A 

t/dN+A 17.76 t/dAft Sr/A 11.0 8b 

Designation: 139 

Test: Helium Gun 

Remarks : Remarks for configuration 125 (fig . 131) may apply to these 
models also . 

Figure 145. 
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t/dTota1 8.00 t/dNoee ~/A 2L..80 Ab/A . ,A 

L/dN+A 8.00 L/dMt sr/A H2 9b ~~ 2° 

Designation: 140 

Test: Helium Gun 

Figure 146. 



NACA TN 4201 

R 

2 

o 

I ..•• : 
Ie •. ·.' I.ii:; •. 

... ;:. , ... 
,.::::::: .::. 

~:f'TJ . 
I .T.: E.'· 

.4 1 •• :: :." •.•.• 

. 
1:::::' 
':'1", 
I '. . ~"'. '.' 
····i:; t· . 
. ,,': 

i"'i ,., . c." '·i; 

.2 I..,·" :.~!8,~ L: 
I: i:i jC::f'ii' ::~ . 
,.'1'::: .. :,.~~~i:: 

1 ~,:, .: ;;;: ,co: i'· . ::.:;;: 

o 
.7 

:.,: :" E. ;'. 

-..:1:::: ,., ::~: 

Hi;,::; •. f,;f:. 

WI.iil:lt;,: .m;-' 

.':., 

1.0 1.1 1.2 

II 
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Fin section 
64A007 

10.14 --------+t..,-4qO 

14--------- 12.2 

.1 .2 

L/ dTotal 8.0~ 

L/dN+A 8.03 

Designation: 141 

Tes t: Helium Gun 

.4 

L/dNoS8 

~/cl.A1't 

.5 
x/L 

St,/A 
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Figure 147. 
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k------- 7.48 ----.-j 

1. ___ _ 
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x/t 

t/dTotal 8.~ t/dNoee ~/A 24.~ Ab/J.. ___ 2-..i 

t/dN+A 8.04 t/dAft Sr/A li.OO 8b ~2.6° 

Designation: 142 

Test: Helium Gun 

Figure 148. 

NACA TN 4201 



NACA TN 4201 303 

6 

8 

6 

R 
4 

2 

0 

.4 

.~ 

cD 
. 2 

• .1 

0 
.7 .8 .9 1.0 1.1 1.2 1 

It! 

Figure 148.- Concluded. 



304 NACA TN 4201 

A=.24 

x/t 

~/dTotal 8.07 ~/dNol!e 5tJ/A 23.75 Ab/A .le; 

~/dN+A 8.07 t/dAft Sf/A 4.12 ab 4.30 

Designation: 143 

Test: Hel1W1l Gun 

Figure 149. 
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~/dTotal 8.10 ~/dNo8e ~/A 2.~.1l Ab/A .1A 

~/dN+A 18.10 '/dAft Sr/A 
H.2. 9b 1?1C;O 

Designation: 144 

Test: Helium Oun 

Figure 150. 
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/,/dN+A 8.10 £/dAft Sr/A 1'5.2 ~ 17.1° 

Designation: 145 

Test: Helium Gun 

Figure 151. 
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t / dTotal 8.11 L/dNos e StJ/A 21.0 Ab/A _0Cl 

t/dN+A 8.11 t/dMt Sr/A 
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Designation: 146 

Test: Helium Gup 

Figure 152 . 
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L/ dTota1 8.12 L/dNoae 5t>/A 25.40 Ab/A .18 
L/dN+A 8.12 L/dAft Sf/A 13.20 8b 17.9° 

Designation: 147 

Test: Helium Gun 

Figure 153. 
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t/dTotal 8.2~ ~/dNose St,/A 20.80 Ab/A. 0.0 

L/dN+A 8.2~ L/dAft Sr/A 11.72 9b 16.80 

Designation: 148 

Test: Hel1um Gun 

Figure 154. 
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10.5 -------........ 

,....--------- 12 .4 ---------.j 

x/t 

t / dTotal 8.27' t/dNoS 8 5tJ/A 24.0 Ab/J. _20 

t/dN+A 8.27 l.jdAft Sr/A 10.9 9b 2 eO . --
Designation: 149 

'l'eJt: Helium Gun 

Figure 155. 
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t/dTotal 8.28 t/dNoS8 

t/dN+A 8.28 t/dAft 

Designation: 150 

Test: Helium Gun 
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Figure 156. 
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x/t 

t/dTota1 8.40 1./dNoS6 St,/A 23.00 Ab/A 

t/dN+A 8.40 l./dAH Sf/A 7.88 9b 

Designation: 151 

Test: Hel1W1l Owl 

Figure 157. 
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A=.24 

Designation: 152 

Test: . Helium Gun 

Figure 158. 
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~~{.6~ .62~O.5 ~ 1.8-1 
T 

8.30-----~ 
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x/ t 

t / dTota1 8.48 t / dNos e ~/A 23.76 Ab/A .~O 

t/dN+A 8.48 l-/dAft Sf/A 12.62 9b 2.40 

Designat ion: 153 

Test: Helium Gun 

Figure 159 . 
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~------- 9.21-----~ 

1----------- 12. 73 ---------~ 

x/t 

t/dTota1 8.49 t/dNoae ~/A 2~.12 Ab/A o 0 

t/dN+A 8.49 t/dAft Sf/A 11.0 ab 7.ho 

Designation: 154 

Test: Helium Gun 

Figure 160. 
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L/ dTotal i8 .. S2 L/dNos e 5t>/A 23.4 Ab/A .08 I 
L/dN+A 8.52 L/dAft Sf/A 11.5 ab 

2.5~ I 

Designation: 155 

Test: Helium Gun 

Figure 161.. 
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x/~ 

~/dTotal 8.C;7 ~/dNolI8 ~/A 2C;.70 Ab/A 0.0 

~/dN+A 17.~2 '/dA1't Sr/A 1.7 8b qQo 

Test: Rooket 

Figure 162. 
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.6.-tH~ .6-
~050 --r 

1------- 8.38 -I 

f4--------- 11.95 ----------.l 

x/7, 

7,/dTota1 8.7 7,/dNose StJ/A A.'iU Ab/A .20 
7,/dN+A 8.7 7,/dAft Sf/A 13,12 9b 2.10 

Designation: 157 

Test: Be11U111 Gun 

Figure 163. 
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1--.883-.j 
1- ~~ ~.05 
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x/~ 

~/dTota1 la.alI. ~/dNo8e ~/A 2c;. .~J. Ab/A ,~ 

~/d.N+A 1a.84 ~/dAft Sf/A " . I.,. 9b ,. _1..0 

Designation: 158 

Test: Hel1um Gun 

Figure 164. 
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\-1.8 -1 __ 
.62~O'50 

~----- 8 .51 ------.-j 

x/t 

t/dTotal 8.85 ~/dNo8e StJ/A 25.7S Ab/A .21 

~/dN+A 1a.85 ~/dAft Sr/A 13.14 9b 12.30 

Designation: 159 

Test: Helium Gun 

Figure 165. 
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x/~ 

~/dTotal B.cll. ~/dNo8e 5t>/A 21\,00 Ab/A .19 

~/dN+A 8.91 t/dMt Sf/A 
" 

ab 7.0-0 

Designation: 160 

Test: Rooket 

Remarks : Parabolic aJ:'terbody . 

Figure 166. 
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Designation: 161 

Test: Helium Gun 
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Designation: 162 

Test: HeliulIl Oun 
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Figure 168. 
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1.0 .. _____ _ 
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L/ dTota1 9,OC1 L/dNose ~/A 2h.h Ab/A .03 

L/dN+A t/dAft Sf/A 11.6 9b 8.5 
0 

q.Oq 

Designation: 163 

Test: Helium GuD 

Figure 169. 
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1 

Designation: 164 

Test: Hel1um Gun 

Figure l70. 
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I. 13°----------------~ 

x/~ 

~/dTotal 19.22 ~/dNo8e ~/A 26.17 Ab/A .20 

~/dN+A 19.22 ~/dAft Sr/A 7.1L. 9b L..l\C;c 

Des ignation: 165 

Test: Helium Gun 

Figure 171. 
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L/ dTota1 19.28 

L/ dN+A 19.28 

Des1gnat1on~ 166 

Test: Helium Gun 
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Figure 172. 
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~-------- 8.16---------.-11--, 

r/R 

x/t 

t/dl'ota1 19.31 t/dNoae 5t>/A 28.1Q Ab/A .21 

t/dN+A 19.31 '/dAft Sr/A 10.00 9b L . ~O 

Designation: 167 

Test: Hel1wa Gun 

Figure 173. 
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t/dN+A 9.31 ~/dAft Sr/A 10.00 9b 4.6 0 

Designation: 168 

Test: Rocket 

Figure 174. 
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10.08----------.,j 
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L/dTote.l 10.( L/dNose 5r>/A 20.35 Ab/A 0.0 

L/dN+A 10.0 L/dA1't Sf/A 11.5 9b 90° 

Designation: 169 

Te s t : ~-n- 8iIoI 

Figure l75. 
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============~~TL 
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x/L 

L/ dTota1 10.00 L/dNose ~/A 27.40 Ab/A 

L/dN+A 10.00 ~/dAft Sr/A 11.0 9b 

Designation: 170 

Test: Hellum Gun 

Remarks: Apparently ther e was an appr eciable length of laminar flow 
on the body of this model . 

Figure 176. 
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65.0 ------_ 

F49014----.I 
~ t- 4.42 
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1. 275-1 1-- I t-4 ,421 

x/ t 

t / dTotal 10.0 t/dNose St,/A 28.4 Ab/A 

L/ dN+A 10.0 t/dAft Sf/A 16.5 9b 

Des i gnation: 171 

Test: Rocket 

Figure 177. 

NACA TN 4201 

.25 

4.15' 



NACA TN 4201 

R 

40 .... 
.. , !:~ 

o 

.. ' 

I: 

. " .'. 
.• ;:;;e IF:· 
.iili:11i 
:;;;: ..... . 

I.--:!--f-

:F '. :1.... '... .... I 1' • 

..... .: ... ... ,;.:.;. ;;;::: 

., "+'.:,11,,,,'::;1: , . 
Irti"tj jife !I: ;;.. tit., til; , I fi . 

,= l.cdili·. _~p ,1,,;., . ' ,,:' 
.' )*-1."" 

1 f,E§ -,I 10 .'" 
:c::":, ... : . 
l:iliJilE1': .• i I ,,·IiI,,;: . 

· I"~ . . C:nlljliliiii'iiiij 14pij·'illitlliili lli' 

:.:'. b:' f.-:; ."C:, ::j".; "'" : .. /' .:. ':FE.::".: :.. I:., :='. :ILI:ffi 
h - :j~-.:; :'" ::.,if 1:,:;: 
i,.:.: i::: E",'; ~ .::C' 
':;'"',, ""li' ':,",": !. 

17: . 
O~~~~~~~·~._t:'~~~~~~~~~:I'~~~I;i~~~~I~:i·· ~~~I~ii'.~"~~:~~ij' ~II! '~rn 
.8 .9 1.0 1.1 1.2 1.~ 1.4 1.5 1.6 1.7 1.8 

M 

Figure 177.- Concluded. 
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\+-------11.56-------.l 

xjL 

L/dTotal 10.0q L/dNoS8 ~/A 30.40 Ab/A 0.0 

L/dN+A lO.oL t/dAft Sr/A 11.00 9b QOO 

Designation: 172 

Test: Helium Gun 

Figure 178. 
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.075 R \-1.272-1 
424-tJ:::L.1-~[4 , 

NAeA TN 4201 

.02;S= L .050 1.:,, __ 

X/7. 

7./dTota1 10.4 7./dNose ~/A 27.4 Ab/A .02 
7,/dN+A 10.4 tl/dAft Sr/A 15.35 6b 4.00 

Designation: 173 

Tes t: Helium Gun 

Figure 179. 
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1-------- 12.54 -------.14 

14--------- 16.02 ------------l 

1. 

x/t 

t/dTota1 10.70 t/dNoee ~/A 29.80 Ab/A 0.0 

t/dN+A 10.70 t/dAft Sr/A 11.0 6b 6.80 

Designation: 174 

Test: Helium Gun 

Figure 180. 
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64A007 Fin section 

x/t 

t / dTotal 1.02 t/dNoee ~/A 

Designation: 175 

Test: Helium Gun 

Figure 181. 
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~----------------- 18.0----------------~1 

r/R 

x/t 

~/dTota1 11.39 l./dNose 5t>/A 29·20 Ab/A. 0.0 

l./dN+A 11.}9 l./dAtt Sr/A 11.0 8b 18.90 

Designation: 176 

Test: Helium Gun 

Fi gure 182 . 
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L.050 
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10 ___ _ 

x/t 

t / dTota1 12.00; t/dNoae 5tJ/A ,1.9 Ab/A .04 

t/dN+A 12.05 t/dAft Sf/A 15.0 9b 5.0 
0 

Designation: 177 

Test: Helium Gun 

Figure 183. 
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