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NATIONAL ADVISORY COMMl'I'l!EE FOR AERONAUTICS 

RESEARCH MEmRANDUM 

PRESSURE DIS~UBUTIONS ON mIN CONICAL BODY OF ELLIPTIC 

CROSS SECTION AT MACH NUMBER 1.89 

By Stephen H. J.hslen 

SUMMARY • 
An investigation was conducted to determine the pressure 

distribution on a conical body o~ elliptic cross section at a 
MaCh number o~ 1.89. Experimental data are presented for a range 
of angles of yaw from _160 to 160 and angles of attack from _100 

to 100 • 

As the angle o~ flow deflection was increased, the deviation 
from experiment of the theoretical pressure distribution slightly 
increased, although agreement was satisfactory over the entire 
range of calculations. Comparison o~ the complete equation for 
pressure coefficient (that is, the equation including all the per
turbation velocity components) with the equation usually used in con
nection with the linearized theory indicated that the terms usually 
neglected appreciably alter the predicted values of the pressure 
coefficient. Although the complete equation gave better agreement 
with experiment for the elliptic cone investigated than did the 
linearized. equation, the opposite result was found when a. sinUlar 
comparison with the exact results of Taylor and Mlccoll was made. 
~e excellent agreement between experiment and linearized theory 
may therefore be fortuitous. 

Df.momrCTION 

Aircraft desi~ers are currently in need of a reliable means 
o~ estinBting loads on body contours that might be used as fuse
lages of supersonic airplanes. Several methods have been available 
~or the theoretical calculation o~ force distribution over bodies 
o~ revolution, as well as considerable experimental data ~or check
ing such calculations (for example, re~erences 1 to 5). Recently, 
a theoretical method for calculating the pressure distribution 
over conical bodies o~ noncircular cross section has also become 
available (reference 6). 
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An experimental investi~tion was undertaken at the NACA Lewis 
laboratory to check theoretical calculations -ror a conical body of 
elliptic cross section. The results are compared with calculations 
based on the linearized theory given in reference 6. 
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SYMBOLS 

The -rollowing symbols are used in this report: 

pressure coe-rficient 

constant proportional to source strength 

Mlch number 

slope of line source with respect to x-axis 

-rree-stream velocity 

radial perturba tion-veloci ty component (cylindrical 
coordina te ) 

axial perturbation-velocity component 

perturbation-velocity component parallel to -rree-stream 
direction 

tangential perturbation-velocity component (cylindrical 
coordinate ) 

cylindrical coordinates 

angle o-r -attack, degrees 

cotagent of M:l.ch angle, .yli -1 

ratio o-r specific heats 

angular position of line source measured from e = ~/2 
plane 

angle o-r yaw, degrees 
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APP ARAWS AND PROCEDURE 

'lbe cone was mounted on a support body in the Lewis 18-by
l8-inch supersonic ttumel, as shown in figure 1. 'ilie s upport body 
was a sweptback strut fastened to the tunnel wall by means of a 
lock nut. From a previous calibration, the M:l.ch number in the vicin
i ty of the model was 1.89 with a maxinrum devia ti on of ± 0.5 percent. 

A sketch of the model showing the dimensions and the location 
of the pressure orifices is presented in figure 2. ~e body was 
Imchined of brass and the nose was finished to a sharp pOint. Ori
fices of O.OlO-inch diameter were drilled normal to the body surface. 
Pressures were photographically recorded on a multiple-tube mano
meter board using tetrabromoethane as a fluid. 

~e model, mounted as shown in figur,e 1, and the strut were 
turned together to obtain data for the body in yaw. In order to 
obtain the desired angle of attack, the model was rotated 900 

relative to the strut and the angle was varied by turning the strut. 
By use of a vernier, the angle could be read to within 2.5 minutes. 
Pressures were recorded every 0.50 up to ±l60 angle of yaw at an 
angle of attack of 00 and ±100 angle of attack at an angle of yaw of 
00 • 

A method of calculating the pressure distribution about a cone 
of arbitrary cross section by means of a series of line sources is 
presented in reference 6. 'ilie following perturbation velocities 
result from such sources: 
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In cormection with the linearized theory, this r elation is 
usually approximated as 

(6) 

Theoretical calcula tions for several bodies showed that the pres
sure distributions predi cted by the two relations were enough dif
ferent that the approximate equation omits more terms from the exact 
relation than i s justified. Therefore, although the use of the 
exact relation for the pressure coefficient may be mathematically 
inconsistent with the apprOximations of the linearized theory, it 
has been used in the theoretical calculations pr esented herein, 
except where otherwise noted. 

For systematic calculations of flows at angles of attack or 
yaw, the procedure outli ned in reference 6 is too tedious. A simpler 
means is to consider the flow slightly inclined with respect t o the 
x-axis rather than to move the body relative to this axis. This 
procedure of turning the flow rather than the body in obtaining the 
angle-of-attack solution means that the M:tch cones are assumed t o 
follow the body rather than the f low • Although in the a ctual case 
the Mach cones would follow the flow more closely than the body, 
this assumption was made to facilitate numerical calculations . If 
the angle of attack or yaw i s kept smail, such an assumption should 
introduce little error. The boundary condit i on was obtained i n the 
same manner as i n reference 6 . 
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llie advantage of using this method is that one source distri
bution may be used. for all angles of attack or yaw and the only 
variable with the angle is therefore the strength of each source. 
Furthermore, for small angles the strength of each source will be 
linearly proportional to the angle of attack or yaw. 

Inasmuch as the free stream is no longer in the axial direction 
relative to the body, the pressure-coefficient relations (equations (5) 
and (6» nD.l.st be revised.. lliese relations become 

_ ~ ~ [2 u~' + (;)"+ (~)Z + (~)"] f-r J(s) 
and 

U' 
Cp=-2 ~ (9) 

where 

Ux Ur cos e - Ue sin e Ur sin e + Ue cos e 
= -;::::===========- + + ~=========== 
~ tan2 

ex, + tan
2 

11" + 1 ~l + cot2 W sec
2 

ex, ~ 1 + cot
2 

ex, sec
2 

11" 

(10) 
The source configurations used to calculate the pressure distri

bution over the test body are shown in fi6ure 3. For angles of attack 
and. yaw of 00 , sources 1 to 7 were used and the strengths of sources 1 
and 7, 2 and 6, and 3 and 5 "Tere respectively equal. '.iliese posi
tions were found with the aid of the rules given in reference 6. 
Instead of putting the source neal~est to a peak at the center of 
curvature of the peak, a better approximation is to place this source 
at the focus of the peak. This procedure is similar to that some
times employed in subsonic-flow problen~ solved by source distribu
tions. For angle of attack, scurces 1 to 7 were used with different 
strengths. For angle of yaw, all the sources were used. In this 
case, the strengths of sources 1 and 7, 2 and 6, 3 and 5, 8 and 14, 
9 and 13, and 10 and 12 were respectively equal. '.ilie pOSitions and 
tile number of sources added for yaw were arbitrarily chosen, except 
that the sources could not be close to the s1.:trface. With the excep
tion of this limitation, the accuracy of the solution is insensitive 
to small changes in the position of sources 8 to 14. 
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RmULTS AND DISCUSSION 

Experimental data ~or several angles o~ yaw and attack are 
presented in ~igures 4 and 5. Theoretical calcula. tions based on 
the linearized theory using equations (8) and (9) ~or the pressure 
coe~~icient are also shown ~or comparison. The experimental points 
represent the average o~ the pressures at corresponding stations 
on. the body. Data were obtained ~or angles of yaw ranging from 
_ISo to ISO and angles of attack from -100 to 10°. Schlieren obser
vation indicated no shock separation on the cone or interference 
from the shock caused by the strut over the range of angles of the 
investigation. 

'Jlle linearized theory using equation (8) agrees well with the 
experimental results for moderate angles o~ yaw (~ig. 4). As the 
angle was increased, the deviation between theory and experiment 
slightly increased on the compressive side o~ the cone. On the 
expansive aide the agreement reIlBined good, which is to be expected 
because an angle o~ yaw o~ So correspqnds to zero flow de~lection 
on the midpoint o~ this side. 'Jlle increasing variation between 
theory and experiment with increasing ~low angle is also illustrated 
by the fact that the agreement is best over the slenderest parts 
of the body, that is, the parts o~ the body that least disturb the 
~low. 

Comparison o~ the e~~ects o~ using the complete equation ~or 
the pressure coe~~icient (equation (8)) with the use o~ the lin
earized one (equation (9)) shows that the values predicted by the 
use o~ the linearized relation are consistently high, especially 
when the flow de~lection is large. 

!!he linearized theory using equation (8) shows close agreement 
with experiment throughout the range o~ angles o~ attack over 'Which 
the experiments were conducted (fig. 5). The excellent agreemen.t 
between theory and experiment at an angle of attack o~ 100 , especial
ly at the station e = -900 where the ~low angle 'WaS 28.50 , indicates 
that the effect of ass't1ll11ng that the !-Bch cones ~ollow the body 
rather than the flow is negligible. The !-Bch angle corresponding to 
the exper1l!lental !-Bch number is about 320 • 

!!he variation. of pressure coefficient with angle o~ a t tack 
at a station is predicted very closely by the linearized theory 
using equation (8) (fig. 6). 'Jlle linearized relation for the pres
sure coefficient (equation (9) ) did not show nearly as good agree
ment with exper1lllent, nor did it correctly predi ct the rate of change 
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of pressure coefficient with angle of attack over a range of more 
than a few degrees. Similar results for angle of yaw are illustrated 
in figure 7, where linearized theory USing the complete equation 
for pressure coefficient (equation (8» again closely agrees with 
the experimental data. 

~e experimental results presented show excellent agreement 
with the linearized theory using the complete equation for the pres
sure coefficient (equati on (8». If, however, a similar procedure 
is used in comparing the linearized solution for a right circular 
cone with the exact vaJ.ues of reference 7, the results predicted by 
the linearized theory using the linearized. pressure-coefficient rela
tion (equation (9» show better agreement with the results of Taylor 
and Mlccoll (reference 7 ) than do those predicted by the complete 
relation. Because opposite results are obtained for the two cases, 
even though the same linearized theory is used for both, the excel
lent agt"eement between the experimental values for the elliptic cone 
and the values predicted by the linearized theory may be fortuitous. 

stJM.1ARY aF RESULTS 

~e follmctng results were obtained from an investisation of 
the pressure distribution on a thin conical body of elliptical crosS 
section at a Mach number of 1.89: 

1. At moderate angle of flow deflection, the experimental pres
sm-e distribution was in close agreement with the linearized theory 
using the complete equation for pressure coefficient. As the angle 
of flow deflection increased, the deviation from experiment of the 
theoretical pressure coefficient increased slightly although agree
ment was satisfactory over the entire range of calculations. 

2. Comparison of the complete equation for pressure coefficient 
wi th the equation usuaJ.ly used in cOIlIlSytion with the linearized 
theory indicated that the terms omitted in obtaining the linearized 
equation were too large to be neglected. Ina8IlD.lch as the exact 
results of Taylor and Mlccoll for a right circular cone show better 
agreement with the linearized theory when the linearized pressure
coefficient relation is used than when the complete relation is 
applied, whereas the opposite result was obtained in cOmparing the 
experimental results in this report with the linearized theory, the 
excellent agreement between the linearized theory and the experi
mental results presented may be fortuitous. 

Lewis Flight Propulsion laboratory, 
National Advisory Cammi ttee for Aeronautics, 

Cleveland, Chio. 
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Figure 1. - Cone mount ed on support body. 
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Figure 3. - Cross section of test body showing source configurat i on for 
theoretical calculations. 
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