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ABSTRACT

The pressure distribution over a body of revolution was
‘measured, bofh with and without a sting, or sting and simulated
sting-support structure, preéent; The investigation was carried
out in a wind tunnel at aIIOW'speed.

The results indicated that the changes in the pressure
distribution over the body were smail if the sting diameter
was half the base diameter and the sting made reasonably long,
The effects of the sting and sting—support structure were felt
only over the aft 20 percent of the body and were such as to

increase the pressure in all cases investigated.
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Test Notation

Reynolds number = ~dV
L

\ oy =
Tunnel free stream dynamic pressure = ——

Mass density of air

Maximum diameter of body in inches

Average wind v;eloci'by

)°°78 1bwt sec

-7(_1_
Absolute viscosity = 3.93 x 10 7( 308 12

Temperature in degrees Kelvin of the equivalent free air stream
Angle of attack of the fuselage reference line relative to the
effective zero angle of attack ( cf. Section 111 ), ( Angular
displacements are positive when the nose is raised, trailing
edge lowered,)

Distance, in inches, aft of the nose of the model, measured along
the axis of the fuselage,

Radius, in inches, measured on the base of the body

-Polar angle measured clockwise from the lower vertical in a plane

perpendicular to the axis of the fuselage.

E—é——?‘é = Staticepressure coefficient

Measured static pressure

Tunnel free stream static pressure measured on the tunnel axis

at the centerline of the t.ést. section,

* All angular displacements are defined with respect to the pilot



Page 6

Model Configuration Notation'

B = Basic clean configuration; fuselage with the tail faired to

a pointed end,

B, = Basic clean configuration cut off. The subscript "a" denotes

the base diameter, in inches, which is the diameter at the cut.

Sy = Dummy sting. The subscript "b" denotes the diameter of the

sting, in inches,

4 = Pod used to vary the effective length of the ome-inch sting,
. The subscript "y" denotes the distance downstream, in inches,

from the base of the fuselage to the leading edge of the pod,

Strut.y = Dﬁmmy strut used to vary the effective length of the one-inch
sting, The subscript "y®* denotes the distence downstream, in
inches, from the base of the fuselage to the leading edge of

the strut,

¥ Numbers of the Model drawings on file at the GALCIT are: 3-284-5,
| 5-281-6, L-26L7, L-28L-8, L-28Li-9, 2-28)-10, 2-28L-11, 3-28L-12, 3-28L-13e
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Length, inches

Base diameter, inches

Diameter { maximum ), inches

. . 2
Cross sectional area ( maximum ), inches

B Bl
72,00 70.3L4 6

1,00

8,00 8.00

50.27 50,27 &

B2 By,
8456  6L.66
2,00 14,00
8.00 8.00

0.27 50,27

Wing ( all configurations )

Sban, inches 60,00
Chord, inches 15.13
Areé*, inches2 907.8
Sting

51 82
Length™¥, inches 38,00 h1,00
Tail fairing length, inches 3.00 6,00

# Includes area covered by fuselage

% Sting length includes tail fairing
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I, Introduction

The emphasis on high-speed wind-tunnel testing has increased in
the past several years, and simultaneously the problem of supporting a
model so that the support structure affects the flow over the model as
little as possible has become a critical one, especially at high
- subsonic Mach numbers. A model, such as a stub-winged missile, supported
by the conventional three-strut type of support, or even by a single
swept strut, gives unsatisfactory results at high Mach numbers because
of the interference and blockage effects of the struts. These effects
. are large and in many cases most difficult to evaluate.

One method of support coming mofe into use is the sting mount,
by which the model is supported on a tube that enters the model at the
tail, In this system the entire supporting structure is downstream of
the.model. If the sting is made sufficiehtly long, the structure
supporting it will have little or no effect on the model. When this
type of support is employed, the balance system is usually contained
.within the model, and the only forces measured are those acting upon
the model itself, However, these measured forces still differ from
the true model forces by the amount of the interference from the sting
- and its support. Sting mounting minimizes but does not necessarily
eliminate support interference effecté.

The problem has therefore arisen of determining interference
effects for $bing-mounted models. The analytical approach to this
problem, if ﬁlausible, appears to be extremely complicated and
laborious. Since the characteristics of the interference are not
well known or understood, it was thought advisable to investigate them
experimentally and, for simplicity, to carry out the first investigation
in the low épeed range, The present investigation is an attempt to
establish the magnitudes of the interference effects and to determine

to what .extent they affect the pressure distribution over the model.
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Introduction ( Cont'd )

As simple a configuration as was possible to build was used to
determine the fundamental parameters of these interference effects.,
It was felt that two basic parameters were the ratio of model base
diameter to sting diameter and, the length of the sting between the
model and the sting support structure, In addition, it was desirable
to investigate the changes in the pressure distribution over a basically
point~ended body when the tail is cut off to provide entry for the sting.
The model'was designed tolallow variation of all three of these parameters.
The test facilities limited the investigation to a dynamic
pressure of 60 psf, and the limited tunnel time availabite rendered
the investigation far from complete. However it was possible to
obtain data for one body of revolution with three base diameters,
tested in conjunction with two stings of different diameters. Data were
also obtained for various effective sting lengths. Results of these
investigations, conducted from April 26 to May 3, 19L9, are presented

in this report,
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1I., Experimental Equipment

The tests were conducted in the GALCIT ten-foot Wind Tunnel.
The experimental gonfiguration was a body of revolution mounted symmetrically
on a constant-chord, symmetrical-profile wing. The model was centrally
mounted in the tunnel with the main struts placed near the wing tips ( cf. Fig.l).
In place of the regular tail strut that normally extends into the aft
portion of the fuselage, a short sting was fastened to each wing tip just
inboard of the main trunnion fitting, and extended downstream 20 inches
from the wing trailing edge. A one-inch diameter rod was pinned to the
end of each sting and, extending vertically downward through the tunnel
.floor, was connected to the tail image~windshield mount through a
whiffle~tree, The tail image-windshield drive was used to vary the
angle of attack of the model, The main image-windshields were installed to
retain .as symmetrical mounting conditions as possible,

This experiméntal—model configuration and type ofvmounting were
selected as being the best all around choice from the standpoint of cost
and practicability., The major problem was to remove struts and windshields
- as far as possible from the body of revolution because of their large
interference effects. The wing was used as a method of supporting the
body and .as a means of getting the pressure leads out of the body,
Although the problem of wing-ihterferende effects still remained, it'was
felt that this configuration was representati#e of an éi;pléne‘or=stub-
winged missile, - b |

The pressure leads were taken out through the wing tips, down

iﬁéide the main image-windshields, to two multiple tube manometers situated
on.the?floor below the test section. The manomgters were filled with
alcohol and the fluid heights recorded photographicallye

The size and contour of the body of revolution were chosen to
give optimum results from two basic considerations, First, it was desirable

that the body be representative of a high-speed airplane fuselage or missile,

This required that the fineness ratio lie in the range, eight to twelve.
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Experimental Equipment ( Cont'd )

Second, it was required that the body be a practical experimental model,
This second consideration involved such details as the locations and size
of orifices, and the faciliiy with which the modél could be constructed and
test configurations changed.,

The fuselage, 72 inches long and 8 inches maximum diameter, was
designed with the upper center section and aft portions removable. The
removable upper section was necessary in order to make pressure tube
connections for each model configuration; the removable %ft portions
enabled the base diameter to be varied., The fuselage was constructed with
four removable aft sections so that base diameters of one inch, two inches,
four inches and six inches could be used. The fixed part, removable |
center portion,and the largest removable aft section of the fuselage were
made of laminated mshogany. The three smaller aft sections were turned
from brass. The details of the model construction are shown by Photos
12 and 13 ( see page ¢ for the numbers of the model drawings on file at
the GALCIT ).

The static pressure orifices were made by installing 1/16 inch Osdey
thin-walled, copper tubing with the ends flush with the surface. This
made orifices of approximately 1/32 in diameter, Most of the orifices '
were located in the lower left surface between the horizontal and vertical
planes of symmetry ( looking for»ward ); a few check orifices were located
on the top and right sides of the fuselage ( see Fig, 2 ). Since the
model and support system were symmetrical, the compleie pressure
distributions at angles of attack could be obtained with the same orifices
by taking readings at both negative and positive angles of attack. The
one-inch base had one base pressure orifice located at the center. The
two~inch basercontainedw six base pressure orifices, one at the center
and the other five equally spaced around the lower right quadrant at a

radius of 7/8 inch. The four-inch base was equipped to measure three

base pressures at a radius of 1,2 inches and three baSe pressures at
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Experimental Equipment ( Cont'd )

a radius of 1,8 inches; the orifices in each ring were equally spaced
at 45° increments in the lower left quadrant. The orifices on the
four-inch base were formed by laying 1/16 inch copper tubing flat on |
the base and drilling 1/32 inch holes in the side of the tube at the
‘aforementioned locations. One additional flush orifice was provided at
_the center of the four-inch base to be used when the sting was not present,
Figures 2 and 3 show the orifice locations.

| The wing span was 60 inches with a chord of 15.13 inches and
a maximum thickness of 2 inches, The forward section of the wing was ag
alyminum extrusion, and the aft section was made from two pieces of
;frolléd‘sheét-steel riveted together at the trailing edge,

The dummy stings, one inch and two inches in diameter respectively,
and approximately LO inches long, could be mounted in cantilever fashion
from the base of the model. The one-inch sting was méde of brass and'could
_be used with all bases. A small pod or a short strut ( shown in Fig. L4 )
could be mounted on the one-inch sting to vary the effective length of the
‘ sting. The two-inch sting was made of steel tubing and could be used
with either the two inch, four inch or six inch base. éoth Stings,
fitted with aluminum tail plugs faired to a point, were provided with
orifices ( shown in Fig., 3 ) to measure the pressure distribution along

the sting,
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III. Test Procedure

A, Tunnel Airflow Calibration

* The tunnel airflow calibration was conducted with the main
strut and the main image windshields installed at the trunnion
spacing used in the test, without the model and tail struts, but
with a calibrated pitot-static tube mounted on the tunnel axis at
the center of the test section, measuring both the static and the
dynamic pressure, The static-pressure gradient ( see Fig, 6 ),
measured along the tunnel axis, was obtained in a similar manner
by mounting the pitot-static tube at variéus positions along the

tunnel axis,

B. Angle of Attack Calibration

The angles of attack as presented hereiq are referred to
the effective zero angle of attack. The effec;ive zero angle of
attack was defined as the angle at which the upper and lower pressure
distributions over the fuselage were as nearly equal as possible,
This was accomplished by connecting the top and bottom orifices at
each fuselage station to adjécent manometer tubes and, with the
tunnel at the dynamic pressure used in the test, adjusting the
model angle of attack until the adjacent tube heights were as nearly
equal as possible ( i.e. it was not possible to get all pairs of
tube heights equal simultaneously ). This angle was 0,6° less
than the angle at which the horizontal plane of symmetry of the

model was level. The angle of attack indicator ( shown in Fig., 1)

was calibrated by the use of a precisioh bubble-protractor mounted

on the wing of the model,

C. Operating Procedure

The operating procedure was to photograph each multiple manometer

at every angle of attack. The angle was increased both positively and
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Test Procedure ( Cont'd )

and negatively from zero, allowing sufficient time at each angle for
the manometers to come to equiblibrium before the pictures were taken.
The model was carefully sealed after each configuration change to
prevent any flow through the model and the seams faired to give a
smooth surface. The wing tips were sealed with cellulose tape and
the fuselage sides and base were sealed with tunnel wax, ¥When the
dummy strut was used, the angle of attack of the model could not be
varied, because it was necessary to stabilize the dummy strut by
guy-wires fastened to the tunnel walls, A few visual readings of the
eritical orifices were recorded to estimate the magnitudes of the
sting effect, s0 that the short time available might be used to the
best. advantage., These data indicated that the sting-interference, for
configurations where the basé diameter to the sting diameter ratio was
greater than two, would be extremely smail; For this reason, it was
decided not to run any of the tests on the six-inch diameter base,
but to spend the availablé time in attempting to investigate more
‘thoroughly the sting~interference effects with the smaller base
diameters, Records were kept of body surface flaws and of orifice
faults, in order to facilitate the checking of discrepancies in the
- dataa, |
. " 'In addition to the photographic and visual data, micromanometer
d;ta for orifice A-17 ( see Fig.2 ) were recorded, During the latter
part of the investigation, micfomanometer data were taken for

configuration Bl+-sl at several orifices located at both fore and

aft fuselage stations ( see Section VI o
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IV, Methods of Reduction and Presentation of Data

A, Reduction of Data
The photographic pressure data reduced and presented in this
report are the data at X = 0° for all configurations, and the data
at OC= L0 for those configurations with B, which show the effects
of varying the effective sting length by the pod. These photographically
recorded data were reduced to static-pressure coefficients ( defined on
page 5 ) by projecting the recorded manometer image on a ground glass
plate and measuring the fluid height in each tube relative to the
manometer reference tubes used to indicate the tunnel dynamic pressure,
The recorded micromanometer data were reduced but not presented in the
. report [ see Section VI ).
The data were not corrected for the static-preséure gradient
along the axis of the test section ( Fig. 6 ), because only the
_ increments in the pressure coefficients, not the absolute magnitudes,
were of interest in this investigation, It was not necessary to
apply any blockage correction to the dynamic pressure, because the
tunnel airflow was calibrated at the dynamic pressure of the test
with the main strut and main image-windshields installed, and the
volume of the model was sufficientlj small that the blockage at

this low Mach number could be neglected,

B. Presentation of Data

All data are presented in the form of plotted points and
faired figures. All plotted points represent experimental observations and
are faired as consistently as possible with consideration of the
faulty orifices.
The pressure distributions over the surfaces of the body and
the sting are plotted as_%_ vs, x ( where "x" is the axial distance

of the orifice in inches downstream from the nose of the model ) for
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Methods of Reduction and Presentation of Data ( cont'd )

various values of the polar angle ¢ ( see Figures 2 and 3 ), Plots
were made covering the entire length of the fuselage for configurations
B, Bl’ 32 and Bh’ at & = 0°, to show the basic pressure distribution
over the body and the effects of cutting off the tail, For all other
axial pressure distribution plots, the data are plotted only for the
aft section of the fuselage and the forward section of the sting.

These plots show the effects of varying the ratio of the base diameter
to the sting diameter, and the effects of varying the effective sting
length, '

The base pressure data ( see Fig. 3 for the orifice: locations )
are presented in plotted form in three ways, For the configurations with
the two-inch diameter base, the data are plotted as P Vs, polar
angle €, and as_g.vs. ¥y, the effective sting lengthqin inches,

For configurations with the four-inch diameter base, the data are plotted

as P vs, r, where "r" is the radius of an orifice ring, in inches ,

measured on the base,
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V. Experimental Results and Discussion

Before discussing the results, it is of interest to examine the
data to obtain some idea of the basic accuracy and principal sources of
error. The test dynamic pressure of 60 psf ( corresponding Reynolds
number based on the maximum body diameter equal tom8.5!105) was held
~constant within 0.1 percent. From the standpoint of accuracy of the
multiple manometer data, a higher dynamic pressure was desirable, but
the tunnel power limited it to 60 psf., Even at this low speed the readings
of the pressure from the manometer film could, with care, be repeated to
within 0,003 in.% + The error in.% for a single tube, however, could
possibly be as large as 0,01 ( corresponding to a change of 3.6 mm in
fluid height on the manometer ) due to fluctuations in the fluid heights,
At the low angles of attack, fluctuwations in the fluid heights were of
the. order of 2 to 3 mm.

There was about 0.3 degree play in the joint between the model
and the pitch drive mechanism, The model, however, did not appear to
vibrate in the tunnel, thus this play was considered to have introduced
very little error.

The condition of an orifice had a great deal to do with the
pressure reading obtained, Both during'and after the test, checks were
made to locate the faulty orifices. Some of the orifices were loose
and protruded, and others gave obviously erroneous readings due to
leakage, or by being plugged, These facts were considered in fairing the
data to obtain more representative pressure distribution curves.

The basic pressure distribution over the entire body length, as
shown by Figures 7 to 2, compares.favorably with the theoretical pressure
distribution over similar bodies ( see Ref, 1 ). These data also show
that the basic pressure distribution over the body is not altered, within

the accuracy of these experiments, by cutting off the tail of the fuselage,
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Experimental Results and Discussion ( cont'd )

except perhaps very near to the tail of the body. The data for config-
uration B at the polar angle of zéro degrees ( Fig. 7 ) appear to

fall consistently above the average curve for the other bodies.

However, this trend is not borne out by the data at the two other polar
angles ( Figures 8 and 9 ) ‘and hence is not felt significant, in view

of the fact that the basic accuracy of the data is 0,01 in P .’ The

data for orifices aft of the wing show a degree of scatter :t ¢ = 90°

( Fig. 9 ) which is probably caused by ﬁhe wake of the wing, which covers
these orifices.v The data at 6 = 90° for orifices forward of the wing
indicate that the noée is probably yawed slightly to the left.

Figures 10 to 18 show more clearly the effects on the aft portion
of the fuselage caused by cutting off the tail. Génfiguration By
indicates a decrease in pressure, but in light of the foregoing discussion,
the results are inconclusive, There appears t0 be no measurable effect
when the body is cut off at the two-inch base, There is a small but
measurable increase in pressure shown by the data for configuration B),.
This evidence is insufficient to show any definite effects,

The effects of the ratio of the base diameter to sting diameter
are shown on these same figures. The sting length is these figures is
considered to be infinite ( i.e. the sting extended into the tunnel
diffuser section and was faired to a pointed end.) These data show
that the presence of the sting increases the pressure over the aft
portion of the body, and that this effect increases as the sting diameter
approaches the base diameter, When the ratio is one, this effect
becomes larger and extends further forward on the fuselage as the base
diameter ié increased.

The effects of varying the effective sting length, when the base
diameter is one iﬁch and the base diameter to sting diameter ratio is

one, are shown in Figures 19 to 2. The pressure over the aft portion
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Experimental Results and Discussion ( Cont'd )

of the fuselage increases as the effective sting length is shortened,
However, the magnitude of the increase, on the periphery 6f the base,
caused by shortening the sting length to four inches with the pod

( diameter of four inches and fiﬁess ratio of 3 ), is approximately
one-half the increase caused by the presence of the effectively infinite
sting, This "short-sting" pressure-increase has, within the accuracy

of these measurements, dropped to zero 6 inches forward of the base.

When the dummy strut ( 12 inch chord, 2 inch maximum thickness, and 39
inch length ) is used to shorten the effective sting length to six inches,
the pressure increase on the per%hery of the base is very nearly the

same as the increase caused by the pod at four inches, but extends ten
inches forward from the base, When the dummy strut is used to vary the
sting length, there is a slightly larger pressure increase at 6= o°

than at © = 180°. This is to be expected as the dummy strut is not
symmetrical with respect to the horizontal plane but extends 36 inches below
it and only 3 inches above it, This effect is substantiated by the

pressure indications from orifices at O= 0% and 6= 180° on.the sting,

in the region just forward of the strut., However, this asymmetry in

the pressure distribution appears to die out quite rapidly upstream

from the strut,

The effects of varying the effective sting length, when the base
dismeter is two inches and the base diameter to sting diameter ratio is
two, are shown in Figures 25 to 30, The increase in pressure on the
periphery of the base caused by shortening the effeétive sting length
igngeater than it was when the base diameter to sting diameter ratio
was one,. The magnitude of the increase caused by shortening the effective
sting length to four inches with the pod is approximately three times
the increase due to the introduction of the infinite sting., When the

dummy strut is used, and the effective sting length is six inches, the
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Experimental Results and Discussion ( Cont'd )

ﬁshort—sting“ pressure~increase is more nearly twice the increase caused
. by the presence of the effectively infinite sting. For both the pod
and the strut, the "short-sting" pressure increasé appéars to drop to
zero eight inches forward from the base, Figure 28 substantiates the
asymmetrical pressure~increase ( shown in Fig, 22 ) caused by the presence
of the dummy strut but indicates no asymmetry on the periphery of the
base even at the shortest effective sting length. w

Figures 31 to 35 show the effects of varying the effective sting
length with the pod, when the base diameter is two inches and the base
diameter to sting diameter ratio is two, at (= 4%, Vhile these data
show no appreciable change from the data at = 0°, they do constitute
seperate readings that help to establish the repeatability of the data.

The effects of the presence of the sting on the base pressure at
&=0° and OL= L% when the base diameter is two inches and the ratio
of the base diameter to sting diameter is two, are shown in Figures 36 and
37. Figure 36 indicates that the pressure is constant over the base at
& = 09, and the introduction of the sting has little effect. However,
Figure 37 indicates a slight decrease in the average base pressure when
the angle is changed to four degrees and also a slight increase in
base pressure, at the measuring radius, as ¢ increases from 0° to 180°:
The effect of the presence of the sting, at L= 1%, is to increase the
pressure over the base to a constant value, slightly highef than that
shown at & = 0°, with the sting present. The effect of the two-inch
sting on the four-inch base ( Fig, 38 ) indicates no'effectjgaused by
the presence of the sting except at = 90°, It is possible that the
. values at 90° are influenced by the wing wake, although no effect of wing
wake is appaient in the data for the two-inch base,

Figures 39 and LO show the effects of decreasing the effective

sting length at A= 0° and A= L°, The base pressure approaches the
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value for the infinite sting more rapidly for the pod than it does for
the dummy strut, No variation, in the base pressure over the base,

caused by.the asymmetry of the dummy strut was observed,
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Vi. Conclusions

The evidence gathered from the tests indicates several trends.
When the ratio of the base diameter to the sting diameter is two, the
presence of the effectively infinite sting produces an increase in pressure
over the aft portioﬁ of the body at zero angle of attack. This pressure
increase is of the order of §ne percent of the dynamic pressure at the
‘rear edge of the body, but has dropped to zero at a distance of three
sting diameters forward of the base. There is no definite effect on
the base pressure, caused by a stipg whose diameter is halflof the
diameter of the base, at zero angle of attack, However at four degrees
angle of attack, the presence of the sting increases the base pressure
approximately one percent of the dynamic pressure, When the ratio of
the base diameter to the sting diameter is one, the presence of the
effectively infinite sting produces an increase of approximately five
percent of the dynamic pressure on the periphery of the base; this
increase drops to zero four sting diameters forward of the base.

The effective sting length becomes infinite when the actual
sting lengthbis equal to four times the diameter of the sting supporting
structure, if this structure is a three dimensional body. If the sting
is éupported by a straight strut, theﬁ the effective sting length
becomes infinite when the agtual‘sting length is equal to one and
one-half timés the strut chord., This effect is shown by both the
peripheral and base pressures when the sting diameter is one-half the
base diameter, and by the ?eriphefal pressures when the sting diameter
equals the base diameter,

This investigation indicates that if more data are desired at
this low dynamic pressure, a more accurate method of measuring‘the model

pressures is needed, as the sting effects are of the same order of
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magnitude as the accuracy of the pressure data, During the last part of
the test an attempt was made to measure the model pressures more accurately
with a micromanometer, However, the fluctuations in the fluid height
were of a magnitude such that, to obtain a representative reading of
- sufficient accuracy, the manometer had to be observed over a period
of approximately three minutes and the average value recorded, These
fluctuations were‘observed for orifices both on the fore and aft portions
of the fuéelage. A one gallon plenum was installed in the pressure line
leading to the orifice in an attempt to damp out these fluctuations,
but it was not effective. Insufficient tunnel time was available to
allow further investigation of these fluctuations and their causes,
Inclined multiple manometers might be used to increase the
relative fluid heights and thereby reduce the percentage error. A
better method, however, would be to run the tests at a higher dynamic

pressure,
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