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The effect of nose shape on the normal-force, pitching-moment, and 
ax9al-force coefficients of a body of revolution having a fineness ratio 
of 10.94 has been determined at subsonic speeds. Six different nose 
shapes which were investigated included flat-faced noses having various 
corner radii, a hemispherical nose, and two ogival noses. Results are 
presented for an angle-of-attack range up to 22O for Mach numbers from 
0.40 to 0.93 and indicate that even a small radius results in a large 
reduction in axial force and a significant reduction in normal force. 
In order to expedite publication of this information only a brief analysis 
of the data is made. 

INTRODU=TION 

. 

J 

The increasing Interest in flight of aircraft and missiles at high 
supersonic speeds, where aerodynamic heating poses a severe.problem, has 
to some extent changed the emphasis in the selection of the body nose 
shape. From a performance standpoint slender pointed noses are desirable 
since they reduce the forebody drag. However, since these shapes have 
extremely high heat-transfer rates and little capacity for absorbing 
heat, a considerable amount of interest in blunt noses which have lower 
heat-transfer rates and more volume for absorbing heat has developed 
in recent years. (See refs. 1 and 2, for example.) In addition to the 
heat-transfer benefits, blunt-noses are desirable because of the optical 
requirements of various seeker systems, and hemispherical noses have 
generated considerable interest from both standpoints. However, recent 
tests in a Mach number 2 air jet having a stagnation,temperature of 
approximately 4,OOOo F (ref. 3) have indicated that the general level of 
the aerodynamic heating on a flat face fs about one-half that on a hemis- 
phere. These results are in qualitative agreement with the theoretical 
trends noted in reference 4. Subsequent heat-transfer tests (ref. 5) on 

- 
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truncated conical noses indicated that a certafnamount of rounding at 
the corners is beneficial in reducing the heat transfer on the conical 
portion of the nose. In view of these findings and the general interest 
in biunt-noses it was felt that information on the effect of nose shape 
on the aerodynamic characteristics of a body of revolution having a 
relatively high fineness ratio would be desirable. A search of-the 
literature indicated that, whereas considerable research has been con- 
ducted on the general effect of nose shape.on bodies of revolution having 
high fineness ratios (see refs. 6 to 1.3, for example), no.systematic 
studies of the effect of corner modifications to flat-faced noses appears 
to be available for these bodies. 

The- purpose of the‘present investigation, therefore, was to determine 
the effect-of nose shape on the subsonic aerodynamic characteristics of 
a body of revolutTon having a high fineness ratio. The body had an over- 
all fineness ratio of 10.94 and was tested with six different nose shapes 
including flat-faced noses having various. corner radii, a hemispherical 
nose, and two ogival noses. Normal-force, pitching-moment, and axial- 
force coefficients were obtained at angles of attack ranging from -20 to 
22O in the Mach number range frcpn 0.40 to 0.9. In order to expedite 
publication of this information only a brief analysis of the data Is made. 

- 

c0EFF1cIENTs AND sYMB3LS 

The data are presented relative to the body axis system and the 
positive-direction of. the forces, moment, and angle of attack is shown 
in fi,gure 1. The origin of the axis system is located at 57 percent of 
the overall length rearward of the nose. The various symbols used through- 
out the paper are. defined as follows: 

CA axial-force coefficient-(corrected to condition 

stream static pressure at base), Axial force 
ss 

cm 

CN 

pitching-moment coefficient, Pitching moment . . .._ 
sSD 

normal-force coefficient, Normal force 
ss 

D base diameter of body, ft unless otherwise noted 

of free- 

” ’ 

1 body length, ft 
. - 

Y 
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M Mach number . 

9 free-stream dynsmic pressure, pV2/2, lb/sq f-t 

R Reynolds number, EE 
P 

r radius of fuselage nose, ft unless otherwise noted 

S 
2 

base area of body, y, sq ft 

V free-stream velocity, ft/sec 

a angle of attack, deg 

P viscosity of air, slugs/ft-set 

P air density, slugs/cu ft 

MODELS AND TEST EQKU34ENT 
. 

Details of the.vsrious bodies tested are presented in figure 2. The 
top sketch shows the overall length, the maxFmum diameter, the moment 
reference point, and the length of the removable nose section, all of 
which are ccmmon to the various bodies tested. All the bodies had a 
fineness ratio of SO.94 and were cylindrical except for various portions . 
of the removable nose. The two.sketches at the bottom are enlarged views 
of the removable nose section end show the various nose configurations 
investigated. The center sketch shows the four nose radii ranging from 
0 (blunt nose) to 2.50 inches (hemispherical nose) while the lower sketch 
shows the two ogFva1 noses investigated. . 

The tests were conducted in the Langley high-speed 7- by lo-foot 
tunnel, and the models were mounted-on a sting support system which can 
be remotely operated through an angle-of-attack,range. The aerodynamic 
forces and moments were determined by means of an internally mounted six- 
component strain-gage balance. 

TESTS AND CORRECTIONS 

The tests were conducted at free-stream Mach numbers of 0.40, 0.60, 
0.80, and 0.90 through an angle-of-attack range from approximately -2O 
to 220. The variation of tes n overall body 
length, with test Mach n~ber 
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Jet-boundary corrections are negligible and therefore-have not been 1 
applied. However, a small blockage~correction as determined by the method 
of reference 14 has been applied to the Mach nmber and dynamic pressure. . 
The axial force has been corrected for the buoyancy caused by the static- 
pressure gradient existing in the clear tunnel andin addition has been 
adjusted to the condition of free-stream static pressure at the base. The 
angle of attack has been corrected for the deflection of the sting support 
and the strain-gage balance under load. 

RESULTS AND DISCUSSION : 

The basic data for the various nose shapes are presented in figures 4, 
5, and 6 where the force and mamentcoefficients are presented as func- 
tions of angle of attack for various Mach numbers. Inasmuch as the axial- 
force coefficient exhibits the greatest variation with Mach number, the 
axial-force coefficient at zero angle of attack has been obtained over a 
more complete range of Mach number and the results are presented in fig- 
ure 7. In figure .7 the flagged symbols represent the data obtained from 
figure 6. Since all of the bodies tested were of the same diameter and 
the wind tunnel used in the experiments does not permit control of the- 
pressure, there was no opportunity to evaluate possibleeffects of 
Reynolds number at-constant Mach number. Past experience has indicated 
that results on axial force at-zero angle of attack, such as those 
summarized in figure 7, are determined moreby Mach number than by 
Reynolds nmber. Characteristics at-angle of attack, however, may be 
significantly influenced by the Reynolds number. For example, the 
abrupt increase- in axial force shown in figure 6(b) for the body with 
a nose radius of 0.50 inch at M = 0.40 may be dependent upon Reynolds 
number. 

In order to expedite publication of this information only a very 
limited analysis of the data has been made. However, a few interesting 
observations can be made with the aid of figures 7 and 8. In figure 7 
it can be noted that-even a small radius results in a large reduction 
in axial force due to the reduction in forebody drag, and that at-low 
Mach numbers additional nose modifications have relatively little effect. 
At the higher Mach nwmbers..supercri,tical velocities are encountered snd 
a more gradual variation of axial force with nose radius, or nose fine- 
ness ratio, exists. 

In order to show better the effect of nose shape and Mach number on 
the normal force, figure 8 has been prepared. In figure 8(a) the normal- 
force coefficient at a Mach number of 0.60 is plotted as a function of 
the nondimensional nose radius r/D for angles of attack of loo, 15O, 
and 2c". In order to show more clearly the large effect in the small- 
radius range, a logarithmic scale has been used and it should be noted 



NACA RM L57F25 u,., --,_L --.L 5 

that the values for zero radius have been plotted at r/D = 0.01. The 
rather large effects of nose shape that exist in the blunt range of shapes 
are clearly evident. For example, at an angle of attack of 200 as the 
shape changes frcm the hemisphere (r/D = 0.50) to the blunt nose the 
normal force increases by approximately 28 percent, whereas a change from 
the high-fineness-ratio ogive (r/D = 12.5) to the hemisphere resulted 
in only a g-percent increase. 

In figure 8(b) the normal-force coefficient is presented as a func- 
tion of Mach number for two of the nose shapes at an angle of attack of 
2o". The results which are presented for the flat-faced nose and the 
long ogival nose indicate &z1 appreciable increase in normal-force coeffi- 
cient with Mach number. 

Langley Aeronautical Laboratory, 
National Advisory Ccmnittee for Aeronautics, 

Langley Field, Va., June 7, 1957. 
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Figure l.- Body reference axis showing positive direction of forces, mauent, and angle of attack. 
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Figure 2.- Sketch of various nose shapes tested with values of the radii k?llcated for the six 
nose @apes. 

'. 



NACA RM L57F25 

.5 .6 7 .8 .9 

Much number, M 

I 
2 

A0 

Figure 3.- Variation of Reynolds number with Mach number. 

. 



NACA RM L57YF25 

(a) r = 0.00 inch. 

Figure 4.- variation of CN with angle of attack. 
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‘20 -5 0 5 10 /5 20 25 
a,deg 

b) r = 0.W inch. 

Figure 4.- Continued. 
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-20 -5 0 5 10 15 20 25 
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cc> r = 1.00 inch. 

Figure 4.- Continued. 
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(d) r = 2.50 inches. 

Figure 4.- Continued. - 
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-*-L/o -5 0 5 10 
a ,dw 

/5 20 25 

(e) r = 16.56 inches. 

Figure 4.- Continued. 
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w r = 62.50 inches. 

Figure 4.- Concluded. 
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a, deg 

(4 r = 0.00 inch. 

Figure 5.- Vexiation of CM with angle of attack. 
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(b) r = 0.50 inch. 

Figure 5;- ContFnued. 
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(4 r = 1.00 inch. 

Figure 5.- Continued. 
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(a) r = 2.50 inches. 

Figure 5.- Continued. 
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(e> r = 16.56 inches. 

Figme 5.- Continued. 
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(ff r = 62.50 inches, 

Figure 5.- Concluded. 

NACA FM L5'7F25 

. 

. 

, 



NACA FM L57F25 23 

. 

CA 
.8 

.6 

0 
40 -5 0 5 10 /5 20 25 
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(4 r = 0.00 inch. 

Figure 6.- Variation of CA with angle of attack. 
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v-/o -5 0 5 10 15 20 25 
a&g 

b) r = 0.50 inch. 

Figure 6.- Continued. . 
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(4 r = 1.00 indh. 

Figure 6.- Continued. 



26 NACA BM L57F25 

=/o -5 0 5 10 15 20 25 
a,deq 

. : : r (d) r = 2.50 inches. 
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t Figure 6.- Continued. 
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(e) r = 16.56 inches. 
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(f) r = 62.50 inches. 

Figure 6. - Concluded. 
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Figure 7.- Hfect of nose shape on variation of CA with Mach number. a = 0'. 
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(a) Effect of nose radius. M = 0.60. 
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.3 4 .5 .6 .7 .8 .9 LO 
Moth number, M 

(b) Effect of Mach number. a = 20'. 

Figure 8.- ETfect of nose radius and Mach number on normal-force 
coefficient. 
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