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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

TECHNICAL NOTE 4362 

FORCE AND PRESSURE MEASUREMENTS AT TRANSONIC SPEEDS 

FOR SEVERAL BODIES HAVING ELLIPTICAL 

CROSS SECTIONS 

By John B. McDevitt and Robert A. Taylor 

SUMMARY 

The measured force characteristics and surface - pressure di stributions 
at angles of attack from 00 to 60 are pres ented for a series of bodies 
having elliptical cross sections . (The axial distributions of cross ­
sectional area for these bodies were identical and equal to that for a 
parabolic -arc body of revolution having a fineness ratio of 12.) Pres­
sure distributions for the surrounding f l ow fields are also presented for 
the various bodies at zero angl e of attack . The Mach number range varied 
from 0 .8 to 1 . 2, and t he Reynolds number , based on the theoretical length 
of the model from nose to point of closure , was approximately 24XlOB . 

I NTRODUCTION 

In order to provide experimental data which may be used in the 
further understanding of the transonic - flow phenomena fo r s imple bodies , 
a related series of experi mental investigations ha s been initiated in 
the Ames 14- foot transonic wind tunnel . 

In previous investigations (refs . 1 and 2) , pressure distributions 
were obtained on the body sur face and in surrounding flow fields for 
parabolic -arc bodies of revolution having fineness ratios of 10, 12 , 
and 14, and for bodies of revolution having various axial locations of 
maximum cross - sectional area . In the pres ent report, pressure distribu­
tions and force data are presented for a series of bodies having ellip­
tical cross sections with ratios of major -to -minor axes of 1.0, 1 . 5 , 2 .0, 
and 3 . 0 . All the bodies had identical axial dist ributions of cross ­
section area (equal to that for a parabolic -arc body of revolution having 
a fineness ratio of 12) . 

NOTATION 

drag coefficient , drag 
<10022 

lift lift coefficient , 
<10022 
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moment about pitching-moment coefficient, 

ff O 0 t P - Poo pressure coe lClen, ~ 

diameter of body of revolution 
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s=0 . 50 

length fineness ratio for body of revolution, 
maximum diameter 

theoretical body length from nose to point of closure 

truncated body length 

free - stream Mach number 

local s tatic pressure 

free - stream static pressure 

free - stream dynamic pressure 

body radius 

Reynolds number based on body length 2 

body cross - sectional area normalized by dividing by body 
nR2 

length squared, 22 

body wetted area 

angle of attack, bodies pitched in plane of minor axis of 
elliptical cross section 

cylindrical coordinate s ystem (see sketch (a)) where S 
and ~ are streamwise and radial distances normalized 
by dividing by body length 2 

body radius normalized by dividing by the body length 2 

ratio of major- to -minor axis of body cross section (see 
sketch (a)) 

Cm 
center - of - pres sure location, scp = 0 . 5 - CL 

first and second derivatives with respect to the normalized 
streamwise coordinate 

• 
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av 

b 

f 

max 

Subscripts 

major and minor axes of the elliptical cross sections 
(see sketch (a)) 

average 

body base 

friction 

maximum 

APPARATUS AND MODELS 

Tunnel 

3 

This investigation was conducted in the Ames 14-foot transonic wind 
tunnel, which i s a closed - return tunnel eQuipped with a perforated test 
section permitting continuous operation from sub sonic to low supersonic 
speeds (fig. 1). Each wall of the t est section contains 16 l ongi tudinal 
slots with each s lot containing a corrugated strip as indicated in fig ­
ure 1. The ratio of accumulated slot widths ( s lot width minus t he accu­
mulated widths of the corrugated insets ) to tunnel per i meter in a plane 
normal to the air stream i s eQual to 0 .054 (usually referred to as the 
porosity factor) . Figure 2 shows a model mounted in the tunnel test 
secti on . 

Models 

The four models considered in t hi s investigation constituted a s eries 
of progressively flattened bodies having elliptical cross sections . The 
ratios of major-to -minor axes included in t he series were A = 1. 0 , 1.5, 
2.0, and 3 . 0 (see fig . 3 ) . All bodies had identical axjal distributions 
of cross - sectional area . The body of revolution (A = 1.0) had a fineness 
;::a,sio of 1£. '3?l.te no:t'fl'i'1LCized radii of the A = 1.0 body (parabolic arc) 
are given by the eQuation 

H( ~) (1) 

J 
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where t he coordinate system (dimen­
s ionless with r espect to the body 
length) i s illus trated in sketch (a) . 

The normali zed radii of the 
flattened bodies are gi ven by 

(2) 

where H i s the normalized radius 
of a b ody of revolution having iden­
tical cross - sectional area . In the 
present case , all the bodies have 
the same axial distribution of cross ­
s ectional area and hence H i s equal 
to t he normali zed radius of t h e 
parabolic -arc body of revolution 
(eq. (1)) . 

Sketch (a) The bodies were truncated at 
5b = 0.854 (fig . 3 ) so that the base 

areas were equal to 25 percent of the maxi mum cross - sect i on area . The 
geometric characteri stics of the models are tabulated bel ow . Additional 
normalized body parameters are shown in f i gure 4. 

Rl R2max ' Ib, 7- 2 
A max' 

in. in . in. W 

1.0 3 . 00 3 . 00 61 . 45 6 . 04 
1.5 3. 68 2 .45 61.45 5 . 90 
2 . 0 4. 24 2 .12 61.45 5.72 
3 . 0 5.19 1. 73 61 .45 4. 90 

I NSTRUMENTATION 

The aerodynamic forces and moments were measured by a st rain -gage 
balance enclos ed within the model . Multiple - tube manometers using tetra ­
bromoethane (specific gravity = 2 . 96 ) were photographed to record the 
pressure data . 

Body surface -pressure data were obtained by the use of nine l ongitu ­
dinal rows of stat ic -pressure orifices l ocated at meridian angl es of 
e = 0 0 , ±5° , ±15° , ±40o, and ±90o. Addi tional ori fices were l ocated at 
the model base and in t he cavity between the body and sting support in 
order to measure base pressures. 
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With the models at zero angle of attack) local static pressures were 
measured in the flow field surrounding the model by means of the survey 
tube shown in figure 5. The survey tube was 1 inch in diameter and con­
tained static-pressure orifices located 90° with respect to a vertical 
plane passing through the longitudinal axes of the models and survey tube. 
The models were rotated on the sting so that pressure measurements could 
be made in planes corresponding to constant meridian angles of e = 0°) 
40°) and 90° . 

TESTS AND PROCEDURES 

The force characteristics and body surface -pressure distribution were 
obtained at model angles of attack equal to 0°, 2° , 4°) and 6° . Pressures 
in the external flow fields surrounding the models were measured only at 
zero model angle of attack . The tests were conducted through a Mach num­
ber range of 0.80 to 1.20, with a corresponding Reynolds number variation 
of 23 . 4xl06 to 24.6xl06 (based on model length) , see figure 6 . To promote 
transition near the model nose, No. 60 carborundum grit was cemented over 
the first inch of the model . 

The experimental data were not corrected for tunnel-wall interference 
effects. Considerations of the testing procedure and the data-reduction 
forces indicate that the free-stream Mach numbers are repeatable within 
approximately ±0.002, the angle of attack i s accurate within approximately 
±0 .100) and the pressure-coefficient data are repeatable within approxi­
mately ±0.005. An additional error in pressure coefficient is due to 
transverse flow, induced by body curvature, at the survey tube. This error 
is negligible except for the survey-tube position nearest the body. How­
ever, the absolute value of this error is believed to be always less than 
0.005. 

The force and pressure data were obtained simultaneously and reduced 
to standard coefficient form. The theoretical body length 2 i s used in 
defining the force and moment coefficients, 

CD 
drag 

~22 

CL 
lift 
q 22 

DO 

Cm 
moment about s=0.5 

~23 

The drag coefficient is defined by the following relationship: 

L _______ _ 
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where 

The pressure drag of the body, CDsp + C~p' was calculated (at zero 

angle of attack) by means of numerical integrations using measured pres ­
sure distributions. In the present tests it was found that the pressure 
coeffici ent was essentially constant over the base surface so that an 
average base pressure coefficient could be us edj that is, 

Cn ~ - (CTh ) Sb 
~DP ~D av 

The skin - friction coefficient, CDf , was e s timated by the use of t he charts 
of reference 3. 

DATA PRESENTATION 

The data presented in this report consist of body surface pressures 
and longitudinal forces at angles of attack from 00 to 60 and pressure 
distributions in the surrounding flow fields for the models at zero angle 
of attack. 

Pres sure Data 

The measured pressure distributions fo r the models at zero angle of 
attack are presented in figures 7 to 10 and the measured surface-pressure 
distributions at pos itive angles of attack are presented in figures 11 
t o 14. The survey tube was used to obtain pressure distributions in planes 
corresponding to meridian angles of 00 , 400 , and 900 . (The data hav.e not 
been faired in regions whe re shock waves are believed t o exist.) The var ­
iations of body-pressure coefficient with meridian angles e for vari ous 
axial stations are presented in figures 15 and 16 for the bodies having 
values of A e~ual to 2 and 3, respectively. 

Force Data 

The basic lift, drag, and pitching-moment data for the series of 
bodies having ratios of major - to -minor axes, A o·f 1. 0 , 1. 5, 2 . 0, and 3 . 0 , 

.. " 

-~--~ 
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are presented in figures 17 to 20. The drag coefficients have been 
adjusted to represent free - stream static pressure at the base of each 
model . (The average base drag coefficients, CDbp' are tabulated in 
table I.) Cross plots of longitudinal force characteristics as a func­
tion of Mach number and axis ratio A are presented in figures 21 to 29 . 

The variations of lift coefficient with Mach number for constant angle 
of attack are presented in figure 21 . The effects of changes in the param­
eter A at a Mach number of unity are summarized in figure 22 . 

The variations of drag coefficient with Mach number for constant angles 
of attack are presented in figure 23 , and the drag coefficient variations 
with A are summarized in figure 24 for three representative Mach numbers. 
Cross plots of the lift-drag ratio as a function of Mach number and A 
are presented in figures 25 and 26 . In figure 27 , the drag coefficients 
obtained from force measurements are compared with those calculated from 
pressure-distribution measurements at zero angle of attack . In addition, 
the estimated frict ion-drag coefficients (ref. 3) and measured base drag 
coefficients are presented. 

Locations of the center of pressure ~cp (with respect to model nose) 
are presented in figure 30 for angles of attack from 20 to 60 . 

Ames Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Moffett Field, Calif., June 17,1958 
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TABLE I . - TABULATI ON OF BASE DRAG COEFFICIENT 

Moo 
o, J A = 1. 0 A = 1. 5 A = 2 . 0 A = 3 . 0 deg 

0 . 90 0 - 0 . 000060 - 0 . 000089 - 0 . 000077 - 0 . 000008 
2 -. 000060 -. 000095 -. 000079 -. 000005 
4 -. 000053 -. 000092 -. 000073 -. 000002 
6 - .000050 -. 000079 -. 000076 . 000011 

. 975 0 -. 000106 -. 000127 - . 000109 -. 000053 
2 - .000094 -. 000115 -. 000095 - . 000023 
4 - .000079 - .000115 -. 000095 -. 000023 
6 -. 000070 -. 000124 -. 000098 -. 000013 

1.00 0 - . 000106 -. 000141 -. 000121 - .000050 
2 -. 000109 -. 0001 38 -. 000121 - .000051 
4 -. 000109 - .000135 -. 000118 -. 000051 
6 -. 000103 - .000135 - .000124 -. 000030 

1. 025 0 -. 000126 -. 000152 - .000149 - . 000004 
2 -. 000112 -. 000178 -. 000140 0 
4 -. 000097 -. 000146 -. 000126 - .000011 
6 - .000086 -. 000132 -. 000109 -. 000014 

1. 10 0 -. 000003 -. 000022 -. 000024 . 000049 
2 . 000006 -. 000024 - .000005 . 000048 
4 . 000011 -. 000008 -. 000003 .000074 
6 . 000019 .000006 . 000022 . 000085 

1. 20 0 . 000045 .000008 . 000034 . 000094 
2 . 000058 . 000014 . 000032 . 000089 
4 . 000058 . 000016 . 000029 . 000105 
6 . 000068 . 000047 . 000040 . 000123 
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A- 21864 

Figure 2. - Photograph of a body of revolution and the survey tube mounted 
in the test section of the Ames 14-foot transonic wind tunnel . 
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Figure 3.- Geometrical details of the model s . 
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+------- Tunnel center Ii ne ---- ----------it--

d max I ~ Survey- tube position 
fG "'J=0 .083 

2d max I 
, a~ "'J =0 . 167 

3d max t ~ 7}=0.250 
--'-'----a 

4dmax t ~ "'J=0.334 
..... -----a 

"'----- Pressure or ifices on the side 

81 in. 

Note: 
dmox refers to body of revolut i on (A= 1.0) 

(b) Relative positions of the survey tube with respect to the model. 

Figure 5.- Concluded . 
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