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TECHNICAL NOTE NO. 1496

INVESTIGATION OF THE FUSELAGE INTERFERENCE ON A PITOT-STATIC
TUBE EXTENDING FORWARD FROM THE NOSE OF THE FUSELAGE

By William Letko
SUMMARY

An investigation wag made to determine the interference effects
of three fuselages on the readings of a pitot-gtatic tube extending
various distances forward from the noses of the fuselages. The
fuselages used in the investigetion were bodies of revolution with
maximum diameters equal to 12 percent of the fuselage length and
with circular-nose, elliptical-nose, and pointed-noge shapes,

The results of the tests showed that, at 1 fuselage diameter

from the nose, the error in static pressure was only about 1% percent

of the impact pressure for the pointed-nose body, about 5 percent of
the impact pressure for the elliptical-nose body, and about 10 percent
of the impact pressure for the circular-noge body for zero angle

of attack of the bodies. As the angle of attack was increased, the
interference eifect on static pressure decreased.

Comparison of experimental results at zero angle of attack
with calculated results indicates that the fuselage interference
effect on the pitot-static-tube reading can be calculated with
good accuracy for simple bodies of revolution at zero angle of attack.

INTRODUCTT O

The choice of a suitable location for the pitot-static tube
used to measure airgpeed and altitude is important In the design of
any airplane but is especially important for experimental alrplanes
degigned to fly at very high speeds. For supersonic speeds, an
arrangement is necessary in which the pitot-static tube extends
forward of any part of the airplane in order to obtain complete

- absence of interference from parts ahead of the tube. TFor most Jet

airplanes, and especially those with sweptback wings, the only
practical loeation is one in which the tube extends forward from

the nose. At subsonic speeds, however, the readings given by such
an arrangement of the pitot-gtatic tube are affected by interference,
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particularly from the airplane fuselage. Since very little data are
available for such a pitot-static-tube location, the present investi-
gatlon was unaertaken.

In the present investigation the interference that exists at
various distences ahead of bodies of revolution having different
nose shapes was determined experiumentally at low speeds. The
experimental results at zero angle of attack are compared with results
caleulated from theory in order to determine the reliability of the
theory when applied to bodies of the type considered.

SYMBOLS

X - distence along axis of symmetry from nose of body to
tube gtatic orifices ' ) ‘ ‘ )

D . ‘fuselage diameter
o angle of attack of pitot-static tube and fuselage
M Moch number
Ge free~otfeam 1mpact pressure ‘ , ‘ ‘ -
qu -1mp°ct pressure meajureé by pitot-static tube at zero
angle of attack with no fuselage atiached
Py static pressure measured by pltot-ﬂfatlc tube with no
fuselage attached
Do static pressure measured by pitot-static tube when
mounted ahead of fuselage
H total head of free strsam
Lp error in static pressure result:ng from Tuselage
1nterference G(pl - pg) '
APPARATUS AND TESTS
The tests were made in the 6- by 6-foot test section of the .

Lengley stability tunnel.  The basic fuselage used in these tests
wvas a body of revolution formed by revolving a circular arc abocut
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the chord. Two modifisd nose shapes, circular and. glliptical, were
fitted over the nose of the original fuselage. All the fuselages
tested were of the same length and had a moximmm dlameter equal

to 12 pe%cent of their length. Photographs of these fuselages.
mounted in the tunnel are presented as figire 1. . Dobailpg drzwings
of these Juuelagmb are given in rigure 2. " Each noze had a circular
'hole along the axis of symmetry for mounting the pitot-static tube
with provisions for changing the distance of Lhe‘tube‘ static orifices
with respect to the nosc. T o T '

i

Two tubes were used in the tests: one a piltot-static tube of

%-1nch outside diameter with the static openings about 3I-tube
: o o L,
diameters behind the nose and the other a statlic tube of Z=-iuch

1
ontside diameter with the static crifice Jbout lC—-Lubc diametsirs

~
[

behind the nose. Det:ziled drvawings of these tubes pre glven dn.
figure 3. - o
arinch pltot-
)

stetic tvbe with and without fuselage at various angles of abiack
and. impact pressures. Tests were mude at zers angle of attack with
an lmpact pressure of 1Dproy1mgcely 65 pounds per sguare foot and
.at OO lOO EOQ, and 307 angles of attack with an impact pressure

of appr 1mﬁtely 4o rounds per square foot. For the circular-nose
fuselage, add LClonql tests were made at impact pressures of 25
and 16 pounds per square foot for zero angle of attock. .

Measurements were made for each fuselage with the

1. .
The é-lnch static tube was us sed to obtaln measurenents ahend of

*

the circular-nose shape Tor comparison wiith Lh -in c% pitot~static-

g
8
tube measurements at zero angle of attack ond at an 1mpact pressure
of 40 pounds per square foot : I '
) o L
The approximate. ai spoeds corresponﬂlng to the various test
impact pre“aufes are a8 follows: : =

Frec-styream N
impact pressure A%FS§§G(
mon
(lb, $q _.t) (s
65 162 ‘
40 17
22 100
16 |
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RESULTS AND DISCUSSION

: For most airplene installations, total head is obtained with
very little error throughout a relatively wide ramge of angle of .
attack. Since the static pressure registered by a tube ordinarily
differs appreciably from true sgtatic pressure throvghout the angle~
of -attaeck range, all the data presented on interference effects are
therefore concerned with the variation of static pressure ahead ¢f
the fuselage. ’

Interference at Zero Angle of Attack

Figure 4 presents the error in static pressure as & fraction of

impact pressure ﬁﬁ— plotted against distance of the tube gtatic
Co

orifices aheasd of the nose x/D for the three fuselages at zero

angle of attack. The circular-nose fuselage, as was expected, had

the greatest interference effect and the pointed-nosc fuselage had

the least.

The decrease of the error with increase of distance ol the gtatic
orifices from the nose ig similar to that obtained for a body of
revolution as reported in references 1 and 2. At 1 fuselage diameter
from the nose, the error in static pressure is only about l% percent

of the impact pressure for the pointed-nose body, about 5 percent of
the impact pressure for the elliptical-nose body, and about 10 per-
cent of the impact pressure for the circular-nose body.

In order to check the reliebility of existing theoretical methods
for calculating the interference effect of a fuselage, the experimental
results presented herein for zero angle of attack were compared with
the theoretical results obtained by the method described in reference - 3.
This theoretical method is based on a representation of the body by &
stepwise distribution of sources and sinks along the axis. The body
shapes corresponding to the assumed distributions are shown by dashed
lines in figure 2 and are compared with the actual fuselage bodies.
The actual body shapes are generally approximated guite accurately
by those shapes obtained from the calculations. The discrepancy
between the calculated and the actual body shapes is greatest for the
circular-nose body; however, closer agreement might be obtained by
changing from a stepwise distribution of sources and sinks to a
continuous distribution along the exis. The discrepancy between the
calculated and the actual body shapes of tho elliptical nose probably "
had a negligible effect on the calculated interference, but the shape
could have been calculated with higher accuracy by adding another .
gource line closer to the nose than the source line assumed in the -
‘caleuletions. The source and sink distributions assumed for the
representation of the pointed nose body resulted in almost no error
in the shape of the body.

e
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The comparison of the calculated interference effect with
oxperimental results obbtained at zero angle of attack is shown in
figure 4. This comparison vhows that the theoretical results are
in good agreemont with the experimentsl Cata. For the elliptical-
nose and pointed-nose bodies, the calculated interference effects
were found. to be scimevhat higher than the experimental values.
Inasmuch asg theze bodies weie clmost exactly simulated by the
assumed source snd sink renwresent:itions (fig. 2), the theory appeared
to slightly overestimate the interference effect. In the case of
the circular nose, figure i chows that the theory underestimotes
the interference effectz. These lower caleculated values are
probably caused by the fect that the assumed source digtributions
resulted in o ncse more pointel than the circular nose tested.
(See fig. 2.)

The theoretical method of reference 3, which is for incoumpressible
flow, may be applied to culculate the fuselage jlte ference eilects
For compressible flow at subsonic speeds by use of the affinoe

i S£r

transformation given in reference 4. A rule Tor moking such
computaticns oy be stated as follows:

The streamline field of o compressible flow for a given body
at a subsonic otream Mach nvmber M may be calculatsd approximetely
e e : . . . 1
by multiplying the given x-dimensions by the factor —===== and
1 - M2
hen by caleulzting the flow sbout this resulting transformed body
in incoupressible flow. The prescure and velocity increments for
the given body at tho Moch nusber M con then be obtained by
multiplying the caloulated pressure and velocity increments for the
incompressible flow at corresponding points of the transformed body

-

by the Tactor i*“*m?:

- e

Effect of Angle of Altack

Figure 5 shows that, for the arrangement tested, the fuselage
interference effect on the static pressure decreases as the sngle
of attack is increzsec. Vhen considering the effect of angle of
attack on the pitot-static-tube rexdings, i1t must be remerbered
that the actual angle at the wbhe is the sum of the geometric angle
anG the angle inducsed by the body. VWhen measurements are kade with
the tube alone, the angle of atiack isg esseq--vulJ the geometric angle.
With the body added, however, the eifective angle is the geometri
angle plus the induced angle. Inasmch as the magnitude of the
induced angle is unknown, the results presented in figure 5 represent
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the difference between the static pressure readings with and without
the fuselage in place at the same geemetric angle of attack.

Because of the difference in sensitivity of variouns tubes to
angle of attack, the error resulting {rom the Induced angle would
differ for different tubes. The results shown in figure 5 are

cnly =pplicable, therefore, to the tube used in this inveﬂtjb vbion.
The results in-Tigure 5, however, may be used to ocbtain an indication
Terent

of the fuselage 11teWieWcr s etfeci on static pressure at Cif
positions ahead of the bodies for different angles of attack.
Figure 6 shows the variation of the static pressure measured with

the-%—inch pitot-otatic tube, without the fuselage, with angle

of attack.

Effect of Free~Stream Impoct Pressure

In figure 7, data are presented for the circular-nose fuselage
at zerc angle of attack for several free-stream impact
pressures. The effect on interference when the impact pressurc
is varied over the test range 13 seen to be small, except for .
positions close to the nose.

e Nel

Trect of Tube Dianmeter

In order o determine the effect of the size of the pitot-static
tube relative to the diameter of the fuselage, tests were made with

-

1 . K]
the-g“inch-aiameter gtatic tubeund compared with th@-é~anh ameter

pitot=static tube which was used for the tests described previously.

1
The size of the g-inch-diameter gtatic tube relative to the diameter

of the fuselage tested closely simmlates the size of a full-scale
pitot-static tube relative to the dimmeter of the fuselage of a
full-scale airplane.

A comparison of the meesurements of the interference efTects on
static pressure as determined by the different-size tubes for the
circular-nose fuselage at zero anple of attack is shown in figure 8.
This figure shows that for the tube sizes considered, the readings
are affected only for positions of the static orifices nesr the ncoe
of the bedy. Deceuse of their Aifferent diameters, the tubes "
measure the pressure at different distances from the axis of symmetry;

therefore, the aforementioned discrepancy in readings probably was

L4




NACA TN No. 1496 7

caused by the radial gradient in static pressure that exists near
thé nose of the body. Moving the orifices epproximately C.25 diemeter
from the nose causes the readings of both tubes to be nearly coincident.

CONCLUSIONS

Teste were mede with bodies of revolution having meximum diameters
equal to 12 percent of the body length to determine the interference
effect of fuselages on the static pressure readings of & pitot-static
tube extending various distances ahead of the fuselages. The resulis
indicate that, at 1 fuselage diameter from the nose, the error in -

static pressure was only about l% pefcent of the iwpact pressure for

the pointed-nose body, about 5 percent of the impact pressure for the
elliptical-noss body, and about 10 percent of the impact pressure for
the circular-nose body for zero angle of attack of the bodies.

As the angle of attack of the bodies was increased, the interference

effect on static pressure decrsesed.

Comparison of exverimental results at zero angle of attack with
calculated results indicates that tho fuselage interference effect
on the pitot-static-tube reading can be calculated with good accuracy
for simple bodies of revolution at zerc angle of attack.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va., August 11, 1947
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(a) Pointed-nose fuselage.

Figure 1.- Photographs of fuselages and pitot-static tube mounted in the
Langley stability tunnel.
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(b) Eliptical-nose fuselage.

Figure 1.- Continued.
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(c)

K

Circular-nose fuselage.

Figure 1.- Concluded,
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Figure 4.- Effect of fuselage nose shape on the error in static

pressure caused by fuselage interference. a = 0°; 4. = 65 pounds

per square foot.
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Figure 5.- Effect of angle of attack on the error in static pressure
caused by fuselage interference. Qg = 40 pounds per square foot.
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Figure 7.- Effect of free-stream impact pressure on the error in
static pressure caused by fuselage interference. Circular-nose

fuselage; a = Q°.
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Figure 8.- Effect of tube diameter on the error in static pressure
caused by fuselage interference. Circular-nose fuselage; a = 0°;
d. = 65 pounds per square foot.



