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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

RESEARCH MEMORANDUM 

FLI GHT INVESTIGATION OF THE DRAG OF ROUND - NOSED BODIES 

OF REVOLUTION AT MACH NUMBERS FROM 0.6 TO 1 . 5 

USING ROCKET -PROPELLED TEST VEHICLES 

By Roger G. Hart 

SUMMARY 

Values of total drag coefficient were measured for four round
nosed bodies of revolution in free flight at Mach numbers from 0.6 to 

1 . 5 and Reynolds numbers from 10 X 106 to 50 X 106 . The bodies were 
designed by rounding off the sharp, fineness-ratio - 3.56 nose of a 
prevj.ously tested configuration . The nose radii tested were 27 .4, 38.7, 
80 . 6 , and 100 percent of the maximum body radius and corresponded to 
values of 0.075, 0.150, 0 . 650, and 1 . 000, respectively, for the ratio 
of nose - sphere frontal area to body frontal area . 

The body having least bluntness did not differ appreciably in drag 
from the pointed- nosed body. The others showed marked increases in 
supersonic drag with increasing bluntness. 

INTRODUCTION 

The National Advisory Committee for Aeronautics is at present 
conducting an investigation to determine the drag of practical fuselage 
shapes at transonic and supersonic speeds. One phase of this program 
is concerned with the effects of nose shape on the drag of an airplane 
or missile configuration . It is of particular interest to determine 
the drag penalties associated with nose bluntness, since blunt noses a re 
desirable from the standpoint of visibility and provide practical 
locations for radar and other seeker devices . 

Tests have been made to determine the drag changes due to rounding 
off the nose of a body of revolution to various radii . In reference 1 
it was shown that a moderate degree of bluntness may have no appreciable 
effect on the drag . In the present paper results are given for noses 
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having gre~ter degrees of bluntness. The tests were conducted at the 
Pilotle ss Aircraft Resea rch St8tion, Wallops Island, Va., with the use 
of rocket-propelled models. Data were obta i ned at Mach numbers from 
0 . 6 to 1 . 5 and Reynolds numbers from 10 x 106 to 50 X 106 . 

MODELS AND TESTS 

The general arrangement of the test configurations is shown in 
figure 1, and photogr aphs of the test vehicles are shown in figure 2. 

All bodies were adapted from the parabolic configuration of 
reference 1, which wa s a fin -stabilized body of revolution having a 
fineness ratio of 8 . 91 and the maximum diameter located at 40 percent 
of the body length . The blunt nose.s were designed by replacing the 
original nose point with spherical segment s of radius 0.274, 0.387, 
0 .806 , and 1.000 times the maximum body r adius. These radii correspond 
to spheres hav ing frontal areas 0 .075 , 0 .150 , 0 . 650, and 1.000 times 
tha t of the body . In ea ch ca se, the spherical segment and the unmodi
fied portion of the nose were tangent at the station where they met, 
and the pr ofile slope wa s continuous . Aft of this station, each con 
figuration wa s identical to the ref erence configuration. 

For all models the f rontal area was 0 .307 square foot , the base 
a rea wa s 0 .0586 square foot, and the exposed f in area was 1. 69 square 
feet. The unmodified body length was 66 .81 inches. In table I, values 
of body radius are li sted fo r a number of lengthwise s tati ons. Each 
model was stabilized by three 450 sweptback fin s so l ocated that the 
trailing edges intersected the body at a position corresponding to 
station 60. 5 on the unmodified body . Mea sured in the s t reamwise direc
tion, the chord wa s 9 inches and the thickness ratio was 0.0278 . 

The fuselage s were of wood, sanded and fin ished with clear lacquer 
to form a smooth and fai r surface. The fin s were of polished duralumin. 

Ea ch model employed a two -stage propulsion system consisting of a 
3 . 25-inch MK - 7 aircraft r ocket motor as the sustainer unit and a 5- inch 
HVAR motor as the booster unit . The boos t er was stabilized by four fins 
and enga ged the sustainer motor by means of a nozzle- plug adapter during 
t he first portion of the f light . Shortl y after the booster stopped 
thr usting the model and booster separa ted because of differences in 
their drag deceleration rates. Then the sustainer motor fired, bringing 
the model to its maximum speed. The drag data were obtained during the 
period of coasting f l ight following susta iner burnout. The Reynolds 
numbers encountered during this period are plotted against Mach number 
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in figure 3. The f light tests covered a range of body-length Reynolds 

numbers from 10 x 106 to 50 x 106 and Mach numbers from 0 . 6 to 1.5. 

The data were obtained and reduced by the methods described in 
reference 2 . The instrumentation consisted of Doppler radar, SCR-584 
radar theodolite, and radiosonde. Drag coefficients have been based 
on body frontal area and each represents the total drag of the 
configuration. 

The methods by which the present data were reduced were such as 
to intr oduce no errors l a r ger than the scatter in the data points for 
an individual model or the disc r epancies among the f aired curves for 
models of the same configuration. The reliability of the data presented 
in figur e 4 can best be judged by noting the scatter in the points for 
each of the models and the small differences in t rend of the data for 
the two models of the parabolic r eference configuration. 

RESULTS 

The test r esults are shown in figure 4 where total drag coefficient 
based on body frontal area is plotted against Mach number for each of 
the configurations tested . Data for the model having a nose-radius ratio 
(ratio of nose radius to maximum body radius) of 0.274 and for the 
pointed- nosed models were obtained from reference 1. At Mach numbers 
greater than 1, the drag increased markedly with bluntness for all the 
round- nosed bodies with the exception of the configuration having least 
bluntness . That body, as noted in reference 1, did not differ appreci
ably in drag from the pointed- nosed body. At Mach numbers just below 
one all of the bodies showed drag rises corresponding to the force-break 
of the pointed-nosed body . The round-nosed bodies showed an additional 
drag rise at l ower speeds. This effect was most pronounced for the 
bluntest body and was evident at Mach numbers as l ow as 0 . 8 . The t rends 
of the sub sonic data suggest that nose bluntness had little or no effect 
on the drag of the configuration at lower speeds . 

CONCLUDING REMARKS 

Tests have been conducted to determine the drag changes due to 
rounding off the nose of a parabolic body of revol ution to four different 
radii . The supersonic drag was not changed appreciably by r ounding off 
the nose to a r adius 0.274 times the maximum body radius, but was found 
to increase markedly as the nose radius was increased from that value . 
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Mor e general conc l usions r egar ding the drag of blunt b odies will be 
possibl e onl y when r esul ts a r e avai l ab l e for other basic bodie s and 
other types of b l untne s s . 

Langl ey Aer onautical Laboratory 
National Advisor y Committee for Aeronautic s 

Langl ey Fiel d, Va . 
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• 
TABLE I 

• 
POINTED-NOSED BODY COORDINATES IN INCHES 

Station Radius 

0 0 
2 .54 
4 1.04 
6 1. 50 
8 1.91 

10 2 .28 
12 2 .61 
14 2 .90 
16 3 ·15 
18 3 · 35 
20 3 ·51 
22 3·63 
24 3 ·71 

• 27 3 ·75 
30 3·74 
33 3 ·70 

• 36 3 ·64 
38 3 .58 
40 3·52 
42 3 . 44 
44 3 · 36 
47 3 ·21 
50 3·04 
53 2 .84 
56 2 .62 
58 2 . 47 
60 2·30 
62 2 .12 
64 1. 93 
66 .81 1. 64 

• 
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Figure 1 . - General view of test configurations . 

I 

l • • • 

11 . 61 rad I us 

A A 

60 . 48 66 . 81 

~o;;:o n ~ 
A - A 

Dimensions are in inches. 

.. • 

0\ 

o 

~ 
H 

fi1 
!:2! 
f-3 

~ 
t-' 

~ 
o 
~ 

~ 
t-' 
\Jl 

~ 
f\) 
\Jl 



~ 

o 

~ (a) 

I 
~ 

- -~---~ . 
., 

Nose radius Nose radius 0. 274 (reference 1). 
(c) M' b d d' aXlmum 0 y ra lUS Maximum body radius 

(b) Nose radius = 0.387. 
Maximum body radius 

(d) Nose radius 
Maximum body radius 

Figure 2.- Round-nosed models. 
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Figure 3.- Body-length Reynolds number R against Mach number M. The 
curves represent flight conditions. 
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Figure 4.- Drag coefficient based on body frontal area CD plotted 
against Mach number M for the present configurations and for the 
parabolic bodies of reference 1. 
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