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RATIONAL ADVISORY COMMITTEE FOR AERORAUTICS

TECHNICAL NOTE 3641

WIND-TUNNEL INVESTIGATICN OF A NUMBER OF TOTAL-PRESSURE
TUBES AT HIGE ANGLES OF ATTACK

*

SUBSONIC, TRANSONIC, AND SUPERSONIC SPEEDS

By William Gracey
SUMMARY

The effect of inclination of the airstream on the measured pressures
of 54 totel-pressure tubes has been determined for angles of attack up
to 60° and over a Mach number range from 0.26 to 1.62. The investigation
vas conducted in five wind tunnels at the langley Aeronsutical Iaboratory.

For simple, nonshielded tubes, the usable angular range was found
to depend on the external shape of the nose section, the size of the
impact opening (relative to the tube diameter), and the shape of the
internal chamber behind the impact opening. The best combination of
these design features (that is, & tube having a cylindrical nose shape,
an impact opening equel to the tube diemeter, and a 30° conical chamber)
Produced the highest usable range (about 28° at a Mach number of 0.26)
of any of the nonshielded tubes.

In cases where a ussble angular range larger than #28C ig required,
@ much higher range may be obtained with shielded tubes. The usable range
of 8 tube with a shield having = conical entry, for example, is about #41°
&t a Mach number of 0.26. Changing the shape of the entry of the shield
to g highly curved section increases the usable range to about 630, the
highest of any of the tubes tested. The throats of these tubes were vented
through the walls of the shield, a design feature permitting end-mounting
°f the tube on a horizontal boom.

For airspeed epplications where it is not essential that the tube
have ¢ large negative angle-of-attack range, the usable range may be
extended to higher positive angles of attack by means of a leading-edge
Slant profile. For slant profiles up to 20°, the usable range at positive
tngles of attack can be extended by about 1° for each degree of slant.

The effect of Mach number on both unshielded and shielded tubes was
found to be considerable. For most of the unshielded tubes the usable
Tange increased with Mach number, whereas that of the shielded tubes
decremsed with Mach number.
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2 - . RACA TN 3641
INTRODUCTION

The National Advisory Committee for Aeronautics has conducted a serix
of wind-tunnel investigations to determine the effect of inclination of
the airstream cn the measured pressures of & number of total-pressure
tubes through e wide range of angle of attack at subsonic, transomic, an
supersonic speeds. The results of these investigations have been repartsd
in references 1 to 6. 'This report summarizes these results and presents
the data in a form permitting a more detailed comparison of the effects
of the pertinent design variables.

These investigations were conducted for the purpose of obtaining
i{nformation which would lead to the design of rigid-type tubes capable
of measuring total pressures correctly at high angles of attack and at
high speeds. The need for this information has arisen in recent years
because of the development of airplanes having the capability of maneu-
vering to high angles of attack at supersonic speeds and becsuse con-
ventional tubes, both rigid and ewiveling, are unsatisfactory under tbest
conditions. Conventionel rigid tubes, that is, those with hemi sphericsl
or ogival nose shapes, are unsatisfactory because the measured pressurt
begins to deviate from the free-stream value at moderate angles of attack
Swiveling tubes, on the other hand, are considered undesirable becsuse
of the possibility of structural failure at high speeds.

Information needed for designing a tube which would be satisfactol
at high angles of attack at subsonic speeds has been available for s
time. In 1935, for example, Merrism and Speulding (ref. 7) showed tbet
& tube could be made insensitive over & wide range of angle of attack
by making the impact opening & lerge percent of the tube diameter. puris
the same year, Kiel (ref. 8) reported a design of & shielded tube vhicd
resd correctly to an angle of attack of about %50, Unpublished tests
by the National Advisory Committee for Aeronautics of this tube, hovever
chowed that the flow sbout the circular spindle on which the tube V88
mounted caused the tube to vibrate so severely at & Mach number of
about 0.6 that the tube could not be used above this speed.

With this information as a starting point, the program for tbe
present investigation wes formulated to investigate (1) various con-
figurations of simple, unshielded tubes having large impact Ope ted
and (2) & design of e shielded tube in vhich the throat would be "fmt
through the wall of the shield and thereby eliminste the spindle no v
and permit the tube to be mounted on the end of & horizontal DOOB: . uf § ¢
eddition, various conical-shaped tubes were included in the tests ar’ '
of their possible use as instruments to measure engles of attack “;s
(ref. 9). Also, because of its widespread use in service operati"wt”e
an ogivel-shaped tube wes investigated. Although this particulsl = leré
hed slready been tested at supersonic speeds (ref. 10), these - t&
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FACA TN 36L41 - 5

umited to angles of attack of 10°. Hemispherical-shaped tubes, as
exemplified by the Prandtl tube, were not included in the present investi-
gation because they were known to be very sensitive to angle of attack

(ref. 11).

SYMBOLS

A frontal area of shield (shielded tubes)

Ay vent asrea of shield (shielded tubes)

8 distance from leading edge of total-pressure probe to face of
shield (shielded tubes)

d diameter of impact opening of tube

D body diameter of tube

D diameter of tube at face of conical tube

Dy diameter of throat of shielded tube

Py . total pressure of free stream

B! total pressure measured by tube at a = 0°

pt” total pressure measured by tube at o ¥ O°

&py total-pressure error (py - pi" at subsonic speeds; py' - Pt"
at supersonic speeds)

P static pressure of free stream

%' indicated impact pressure (pt - p at subsonic speeds; pt' - P
at supersonic speeds) )

M free-stream Mach number

. angle of attack of tube, deg

\ angle of yaw of tube, deg

B internal cone angle, deg

? slant profilé angle, deg
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4 NACA TR 3641
APPARATUS AND TESTS

Diagrams of the 54 total-pressure tubes which were tested during
the investigation are shown in figure 1. For purposes of comparison, the
tubes were divided into five groups on the basis of the external shape
of the mose section: cylindrical (series A), 15° conical (series B)
30° conical (series C), 45° conical (series D), and ogival (series Ei.
For convenience, the cylindrical tubes in series A have been divided
into two subgroups: A (nonshielded) and Ag (shielded). Tubes Asg-1,
Ag-2, Ag-3, and Ag-li had body diemeters of 3/l inch so that they could
be tested in the test section of the langley 9-inch supersonic tunnel
during the initial part of the investigation. All other tubes had body

dismeters of 1 inch. The design of the various tubes in each of the five -

series was varied as regards both internal shape and configuration of the
total-pressure entry.

The investigation was conducted in five wind tunnels: the 6- by
6-foot test section of the Iangley stability tunnel, the Iangley high-
speed T- by 10-foot tunnel, the langley 8-foot transonic tunnel, the
Langley 9-inch supersonic tunnel, and the Langley 4- by k-foot super-
sonic tunnel. For the tests in the langley stability, 9-inch supersonic,
and L4- by L-foot supersonic tunnels, the total-pressure tube to be tested
vas mounted on & special U-shaped swivel mechenism which was mounted 08
the side wall of the tunnel. A typical installation 1is that of the
stebility tunnel shown in figure 2., 'These U-supports were designed vith
the axls of rotation in line with the leading edge of the total-pressure
tube in order that the total-pressure entry would remain at the same
point in the sirstream for all angles of ettack. The inclination of the

... “tube to the air flow wvas set by means of a control arm attached to the

U-support and located outside the tunnel wall. The angle of attack of ol
the tube was measured either on a circular scale attached to the contr
arm or with & cathetometer located outside the tunnel. For those tests
in which sngle of attack vas measured by a scele, deflection of the
U-support under air load was investigated and in each case vas found t°
be negligible.

For the tests in the Iangley high-speed 7- by 10-foot tunmel @ier
8_foot transonic tunnel, the tubes were mounted on & bent sting Gdafﬁns
attached to & sting support. The angular setting of the sting-couP
combination was such that the leading edge of the tube remained ir cuber
approximately the same point in the tunnel for all settings of the of 8
The inclination of the tubes with this apparatus was set by means
remote-control mechanism and the angles of attack of the tubes VET® ...
measured by meens of a cathetometer. The measurements of angle of :ns
vere made with the tunnel operating in order that the effects of st
deflection due to airloads might be eliminated. )
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The various tubes were tested at ocne or more values of Mach number
yetveen 0.26 and 1.62. For each test speed, the tubes were moved through
the angle-of -attack range. (245° for most tests but as high &s 60° in some
cases) in increments of gbout 5°. TFor each setting of the tube, the
total-pressure eIrror was determined by measuring the difference between
the total pressure registered by the test tube and a suitable reference
pressure. In most of the subsonic tests, @& total-pressure tube fixed at
zero engle of attack and located in another part of the tunnel provided
the reference pressure. In the supersonic tests, the pressure in the
tunnel settling chamber was used as the reference pressure. For the
subsonic tests, the total-pressure error was determined directly as the
difference between the pressure of the test tube and the pressure of the
reference tube (py" - Py). For the supersonic tests, where shock formed
shead of the test tube, the total-pressure error was determined as the
difference between the pressure measured by the tube at a given angle of
attack and the yressure measured by the tube at zero angle of attack
(p¢" - pt'). As this test procedure corrected, in effect, for the total-
pressure loss through the shock ghead of the tube, the total-pressure
errors presented in this report for supersonic speeds are & function only

Turmel Angle of attack, o, deg opt' /ee!
langley stability 0.25 20.002 at M = 0.26
langley high-speed 7- by 10-foot .25 {;:ggg o e g:§
.003 at M= O.
Gy o eparemts A ool st ¥ o3
Lasgley k- vy i-foot superscmtc 2 fopw vzlBRDAEY

RESULTS AND DISCUSSION

The results of the tests of the 54 totel-pressure tubes are sum-
marized in teble I, which presents the range of insensitivity of each
of the tubes at Mach numbers renging from 0.26 to 1.62..

The range of insensitivity as used in this report is a criterion
Vhich has been chosen as & basis for comparing the performance of the
Various tubes. It is defined as the range of angle of ettack over which
2 tube remsine insensitive to inclination to within 1 percent of gg'.

For convenience, another term, the gsensitivity engle, is also used.

This is defined as the angle of attack at which the total-pressure error
Peaches g value of 1 percent of gg'. For symmetrical tubes the sensi-
tivity angle is helf the range of insensitivity.
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6 ' RACA TN 36L1

An example of the basic data fram which the sensitivity angle of
each of the tubes was determined is given in figure 3 for tube A-2. This
figure shows the varistion of the totel-pressure errar &pg/qe' Wvith

engle of attack for Mach numbers of 0.26 and 1.62. As defined by these

curves, the sensitivity angle is 23° at M= 0.26 end is 29° at M= 1.62.

It will be seen from figure 3 that the total-pressure error remains
zero up to a certain angle and then begins to deviate in a negative direc-
tion. In this case the gensitivity angle is determined by the angle of
attack at which the total-pressure error becomes -1 percent of Qe'. This
varistion of total-pressure error with angle of attack is typical for the
nonshielded tubes at all Mach numbers end for the shielded tubes at sub-
gonic and transonic speeds. In the calibration of one shielded tube at
supersonic speeds, however, the error deviated f£irst to positive values
end then, at a higher angle of attack, began the normal deviation in &
negative direction as shown in figure k. In this case the sensitivity
angle is determined by the angle of attack gt which the error reaches
a value of +1 percent of q¢'.

Effect of Impact-Opening Size

The effect of varying the gize of the impact opening (or more
specifically, the ratio of the impact-opening diameter d to the tube
dismeter D) of three cylindricel tubes at M= 0.26 may be seen from
rigure 5(a). This Tigure chows that the sensitivity angle increases with
increasing size of impact opening and resches a value of 23° for the tubes
_having impact openings of 0.96 and 0.98. Although the celibrations of
these two tubes (ref. 1) showed that the tube having the larger openingd
was actually less gensitive to inclination at angles of attack above the
censitivity angle, the differences vere insufficient to produce & notice-
able effect on the values of the sensitivity angle.

The variation of sensitivity angle with impact-opening size for
tubes having & 30° conical nose section is presented in figure 5(b).
in the case of the cylindrical tubes, the sensitivity engle 1s ghovn %0
increase with {ncreasing size of the impact opening.

The effect of varying the size of the impact opening for tubes
naving 15°, 30°, end 45° conical nose sections is shown in figure 5(c)
In contrast to the data shown in figure 5(b), the size of the impact
opening in this caese 1s defined as the ratio of the impact diameter d
to the diameter of the face of the 4ube Dj. The curves in figure 5(c)

ghow that for each of the three conical tubes the sensitivity angle.
increases with increasing vealues of d/Dl, the rate of increase veind

grestest for the 15° conicel tube and least for the 45° conical tube-

D .
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Effect of Varying the Shape of the Internal Chamber

The effect of the shape of the internal chamber on the character-
istics of cylindrical tubes having blunt leading edges can be shown from
2 comparison of the sensitivity angles of tubes A-2 and A-5 at M = 0.26.
(see table I.) The design of these tubes was similar in leading-edge
shape, size of impact opening (0.98D) , and depth of chamber (1.0D);
the tubes differed, however, in that the chamber of tube A-2 was cylin-
iricel whereas that of tube A-5 was hemispherical. Comparison of the
sensitivity angles of the two tubes shows that the performance is improved
by changing the chamber from cylindrical to hemispherical and that the

o
mgnitude of the improvement is about % .

The effect of internal shape on cylindrical tubes having sharp
leading edges may be seen fram a comparison of the sensitivity angle of
tube Al with that of tubes A-10 end A-11 (tsble I). These tubes are
alike in that each has an internally beveled leading edge but differ
in that tube A~k has & cylindricel chamber (1.0D in depth); whereas
tubes A-10 end A-11 bave conical chambers extending 1.15D and 0.90D,
respectively, behind the leading edge. Since the average depth of the
chambers of tubes A-10 and A-1l approximates that of tube A-L, an average
value of the sensitivity angles of tubes A-10 and A-11 should provide a.
valid comparison of the relative merits of the two chambers. On this
besis, the sensitivity angle for the conical chamber would be 24.5% a
value which campares with 239 for the cylindrical chamber. The conical

chamber ig therefore shown to be slightly superior to the cylindrical
chamber for M = 0.26.

The effect of varying the angle of the conicel chambers in tubes
having cylindrical, conical, end ogival external shapes is showvn in fig-
we 6. For each of the five series of tubes the sensitivity angle
increased with decreasing angle for cone angles between 30° and 50°.

Tests of cylindrical tubes with cone angles less than 300, however, showed
that the sensitivity sngle remains essentially constant for cone angles
below this value.

Effect of External Shape

The effect of external shape on the angle-of-attack characteristics
°f total-pressure tubes may be determined by camparing tubes having the
%ame type of pressure entry in each of the five series. Such a comparison
%y be made from figure 6, where data are presented for five external
:haPeS, each having conical chambers of 30°, 40P, and 50°. It will be
&:eh from figure 6 that the sensitivity angles of the cylindrical tubes
o e greater than those of any of the conicel or ogival tubes. Of the
Olical tubes, the sensitivity angle of the 15° tube is the greatest
:Dd that of the 4L5° tube, the least. The sensitivity angles of the ogival
Ubes mpproximate those of the 15° and 30° conical tubes.
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8 | NACA TN 36h1

From the foregoing aiscussion it will be geen that the usable angular
range of simple nonshielded tubes depends on the external shape of the nose
gection, the size of the impact opening (relative to the tube diameter),
and the shape of the ipternsl chamber behind the impact opening. The best
combination of these three design features (a cylindrical tube having an
impact opening equal to the tube diemeter and & 15° conical chamber) pro-
duced the highest range of snsensitivity (327.5° at M= 0.26) of any of
the nonshielded tubes.

Effect of Slant Profile

The effect of varying the slant of the 1esding-edge profile of a
cylindrical tube may be seen DY camparing the calibrations of tubes A-2
end A-6 (fig. T(e)). The range of insensitivity of tube A-2 1s 323°
whereas that of tube A-6 18 -13 to 32. Changing the profile fram square
to & slant of 10° is shown to have the beneficial effect in ghifting the
calibration of & square-ended fube along the angle-of-attack gcale by 9.5°
gso that the tube remains insensitive to higher positive angles of attack.
The range of insensitivity of tube A-6 at sngles of yaw was ghown in
reference 1 to be 4230 or the same 88 thet of tube A-2 at angles of attack
end yaw. From tests of tube A-6 at angles of gttack combined with angles
of yaw (ref. 1), it is possible to define the camplete boundaries within
which the tube will remain jpsensitive to within 1 percent of the impact
pressure (fig. 7(v)). This figure shows that, for angles of yaw up to
15C, the sensitivity angle of the tube is still as high (23°) as that of
tube A-2. It may be concluded, therefore, that a gslant profile has the
effect of extending the range of insensitivity to higher positive
of attack (with V¥ = o°) without loss in performance at either angles of
yaw (\ofith o = 0°) or at angles of attack combined with angles of yav WP
to 15%.

The effect of changing the glant of the lesding-edge profile of &
ogival tube from 10° to 20° may be determined by comparing the ranges of
insensitivity of tubes E-2 and E-3. (See table I.) It will be geen fT®
these velues (-1.5° to 11.5° for tube E-2 and 8.5° to 21.5° for tube £
that the effect of increasing the glant angle from 10° to 20° is & ghift
of the curve along the-angle-of-attack scele by 10°. It would appesTl’
tnerefore, from the results of the tests of cylindricel and ogivael tubes
having slant profiles that, for slant angles Up to 20°, the gensitivity

angle may be extended to higher positive engles of attack by about 10 1
each degree of slant angle.
Effect of Venting of Shielded Tubes
3(3)'7;-

The effect of venting Kiel-iype chielded tubes is shown in £18U5° e
This figure shows that at M= 0.26 the effect of venting is conside™
for the sddition of & vent ares equal to one-half the frontsl ares of

Do i
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ghield increases the sensitivity angle fram 24° (for the no-flow con-
aition) to 38.5°. A further increase in the vent area to 1.0 times the
frontel area is not nearly as effective because the sensitivity angle in
this case was extended to only 41°. Increasing the vent area to 1.5 times
the frontal area produced a negligible further increase in the sensitivity

anglte (1/2°).

The curve in figure 8(a) indicates that at M= 0.26 the throat
becomes choked when the vent area Av/ho is somevhat less than 1.0.
Since the size of the vent area corresponding to the choked condition
decreases with increasing Mach number, a vent area of about 1.0 would be
satisfactory for Mach numbers above 0.26. In order that the vent area
be large enough for Mach numbers below 0.26, a vent area Ay/Ao of 1.5
vas adopted as a standard for the shielded tubes of this investigetion.
A point of interest in this comnection is the fact that, at least for
M= 0.26, the wall-type venting of these tubes was shown to be as effec-
tive as the type of venting of the Kiel tube (ref. 8).

Effect of Varying the Probe Position and the Throat
Dismeter of Shielded Tubes

e effects of varying (1) the location of the leading edge of the
Probe with respect to the leading edge of the shield (a/D) and (2) the
Uameter of the throat of the shield (Dp/D) were investigated by tests
of tubes Ag-5, As-6, Ag-T, As-8, and Ag-9. Tubes Ag-8 and Ag-9 were
the same s Ag-5, Ag~6, and Ag-T except for the throat diameter which
vas incressed from the Kiel standard of 0.5 to 0.591 (an increase
of 50 percent in the ares of the throat). (Note that the increase in
throat diameter of tubes As-8 and Ag-9 was accoampanied by & small
decrease in the angle of the entrance cone.)

The varistion of sensitivity angle with varying probe position and
throat aismeter is shown in figure 8(b). This figure shows that, for
this particular configuration and at M = 0.26, moving the probe forward
of the 0.5 position has a pegligible effect on the value of the sensitivity
angle, whereas moving the probe to the rear decreases the sensitivity

‘;‘813 by 1.2°. The effect of increasing the area of the throat 50 percent
15 shown to increase the sensitivity angle by about 2.5

Effect of Slant Profile on Shielded Tubes
The effect of varying the leading-edge profile of a shielded tube

by 100 mey be seen by camparing the sensitivity angles of tubes Ag-5
& A..10 for M= 0.26 (teble I). The probe position for each of
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these tubes was 0.500. The effect of the profile in this case was to
spcrease the sensitivity angle by 9.7°, which corresponds almost exactly

with the increase
tubes.

obtained with the nonvented cylindrical and ogival

-

It had been thought that, in order for the tube with the slant pro.
file to be camparable with that of the standard Kiel design, the positiop

of the probe for

the slanted shield should be moved rearward to & point

where the leading edge of the probe would be midway between the rear
of the cone and the point where the slant intersects the axis of the tube,
It was for this reason that tube Ag-11 was tested with the probe located

at a/D = 0.5k,

The results of the tests of this probe position,

however, shoved the sensitivity angle to decrease by 3.3° from the velue
of the sensitivity angle with the probe at the 0.5 station.

In the tests

of the shielded tubes with the slant profile the angular

range in the negative direction wes insufficient to define the negative

sensitivity angle

. From the tests of the nonvented cylindrical tube A-6,

however, it was shown that the range of imsensitivity remains essentially

constant when the

profile is changed from square to & 10° slant. On the

assumption that the range of insensitivity of shielded tubes also remains
constant, the negastive sensitivity angles of these tubes were estimated on
the basis of the range of insensitivity of tube Ag-5. These estimated
values are in;:luded in table I.

Trom the calibration of tube Ag-10 at angles of yaw (with a = 0°) at

M= 0.9 (ref. 3),

the sensitivity angle was found to be 380, This is

essentinlly the same as that of tube Ag-5 at M= 0.9. A 10° slant pro-
file on a shielded tube, therefore, exhibits the same characteristics as
those of & nonshielded cylindrical tubej that is, the sensitivity angle
is extended to higher positive angles of attack without loss in’ performance

at angles of yaw

Effect

(@ = 09).

of the Shape of the Entry of Shielded Tubes

The effect of varying the shape of the entry of shielded tubes will
be seen by comparing the results of the tests of tubes Ag-5, Ag-12, Ag-1),
and Ag-16 at a Mach number of 0.26. For each of these tubes, the dimensions
e/D and Dp/D were the same (0.500). The entry of tube Ag-5 was conicel
with & 14° angle whereas that of the remeining tubes was curved. The slope
of the entry of Ag-12 was 60° at the leading edge and O° at a distance 0.5D
behind the leading edge. The slope of the entry of tube Ag-15 was 30° at
the leading edge and O° at a distance 1.0D behind the leading edge. The
entry of tube Ag-16 is an adaptation of an NACA nose inlet, and the leading

edge of this tube
The design of the
Moffat (ref. 12)

was round whereas that of the remaining tubes was sharp.
tubes having curved entries was suggested by & report by
of tests with small-scale shielded tubes designed for

engine and duct survey work.
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The sensitivity angles of tubes Ag-5, As-12, and As-15 at M= 0.26
are shovn in figure 9 as a function of the internal cone angle of the
chield. (The sensitivity angle of tube Ag-16 was not included in figure 9
gince its leading edge is round, whereas those of the other tubes vere
sharp.) This figure shows the sensitivity engle to increase with -an
increase in the cone angle and that the magnitude of the increase between
the 28° cone of the Kiel tube and the 120° angle of tube Ag-12 is 21.9°.
Tus, the sensitivity angle of a shielded tube may be increased by about
50 percent by changing the conical entry of the Kiel design to a curved
entry having a high degree of curveture.

The effect of varying the position of the probe in & tube having
8 curved entry was investigated for positions a/D of 0.456 and O.54%4
(tubes Ag-13 and Ag-1h). The results of these tests (see table I) showed
the sensitivity engle to be affected to only a negligible extent for this
variation in probe position.

When the results of the tests of the total-pressure tubes at subsonic
speeds are summarized, it will be remembered that the best of the non-
shielded tubes (aside from those having slant profiles) produced a range
of insensitibity of about #28°. For those cases vhere a usable angular
range larger than +28° is required, a much higher range of insensitivity
may be obtained with a shielded tube. The range of insensitivity of a
twe with & shield having e conical entry, for example, is #1° at
M= 0.26. Changing the shape of the entry of the shield to a highly
curved section increases the range of insensitivity to about #63°, the
highest of any of the tubes tested.

Effect of Mach Number on Nonshielded Tubes

The effect of Mach number on the sensitivity of nonshielded tubes,
8 based on the date at M= 0.26 and 1.62, is shown in figure 10. It
Vill be geen from this figure that, for those tubes in each of the five
Series having conical chambers (for which 4/D and d4/D = 1.0), the

Sensitivity angles at supersonic speeds are appreciably greater than those
&t subsonic speeds. The increase in the sensitivity angle for cylindrical

o
Rbes 14 l% to 6°, whereas the increase for conicel and ogivel tubes

16 80 {5 10°. Tubes having relatively small impact openings, on the

£ r hand, were affected by Mach number to a lesser extent. The sensi-
ity angle of cylindricel tube A-l, for example, showed nc increase
:1th Mach number, whereas the sensitivity angles for the 15° conical
Wes, B-2 and B-3, increased by about only 4°.

» The calibration of ogival tube E-2 at transonic speeds (ref. 5) is
esented in figure 11 to show the effect of Mach number on nonshielded
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tubes throughout the Mach number range. In order +o extend this calibra-
tion to lower subsonic gpeeds, use has been made of the data of tube E-1
at M = 0.26. The design of these tWo tubes was the same with the excep-
tion that the impact opening a/D of tube E-2 vas 0.43 whereas that of
tube E-1 was 0.32. The sensitivity angle of tube E-2 at M= 0.26 has
been estimated from that of tube E-1 by assuming the impact opening of
tube E-1 to be increased to 0.43. The rate of increase of the sensitivity
angle with jmpact-opening size of tube E-1 was assumed to be the same as
that of the conical tubes shown in figure 5(b). On the basis of these
assumptions, the sensitivity angle of tube E-1 was found to increase
from 16° to sbout 19°. In arder to estimate the sensitivity angle of
tube E-2 at M = 1.62, the assumptlon wes made that the increase in
sensitivity angle of tube E-2 between M= 0.26 and M= 1.62 would

be the seme as that of tube E-6 (9.5°). On this basis, the estimated
velue for tube E-2 at M= 1.62 would be 28,5°. It will be seen from
figure 11 that the estimated sensitivity angles at subsonic and super-
sonic speeds are in good agreement with the linear calibration of tube E-2
through the transonic speed range. From these data it would appesr that
the sensitivity angle of nonshielded tubes varies in a linear manner with
Mach number throughout the Mach pumber range from M= 0.26 to 1l.62.

Effect of Mach Number on Shielded Tubes

The effect of Mach number on the sensitivity of four shielded tubes
over & Mach number range from 0.26 to 0.9 is shown in figure 12. It
will be seen from figure 12 that the sensitivity angle of all the tubes
decreased with increasing Mach number, the magnitude of the decrease
varying from 3° for tube As-5 to 6° for tube Ag-12. The variation in
sensitivity angle with Mach number of the tube with a shield having &8
conical entry (Ag-5) wes linear, vhereas the calibration of the tube
with & curved entry (Ag-12) shows & break in the curve &t M= 0.5

The effect of Mach number on & shielded tube throughout the gubsoniC;
transonic, and supersonic speed ranges (up to M= 1.61) is given in
figure 13. As indicated by figure 13, the sensitivity angle remains 8%
s constant value of 63° from M= 0.26 to M= 0.5, decreases linearly
to 56° at M= 1.10, and then decreases further to Lo° at M= 1.61.

The calibration of tube Ag-12 at Mach number 1.61 is presented in
figure 4 because it differs from the calibrations of this tube at subsoni®
and transonic speeds in one important respect. At the lower speeds, o
total-pressure error remsined zero up to an angle of attack just belo¥
the critical engle. Beyond this point, the errors became increasingly
negative. The calibration at M= 1.61, however, shows the error to
become positive at angles of attack below the range where the error
becomes negative. It 18 believed that the positive errors at angles of
attack between 34° and 55° results from the fact that, at angles of
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sttack above 3h°, the tube no longer measures the totel pressure behind
s normal shock but measures jnstead the pressure behind an oblique shock

vith higher total pressure. -

. From the preceding discussion it will be seen that the effect of
Mach number on the range of insensitivity of both nonshielded and shielded
tubes is considerable. For most nonshielded tubes, the range of insensi-
tivity increased linearly with Mach number, the increase amounting to as
much as 10° over a Mach number range of 0.26 to 1.62. The range of '
insensitivity of shielded tubes, on the other hand, was found to decrease
vith Mach number, and, in this case, the variation was nonlinear.

CONCLUSIONS

The more significant conclusions which may be dravn from the results
of the tests of 54 totel-pressure tubes at angles of attack up to 60° and
over & Mach number range of from 0.24 to 1.62 are summarized as follows:

For simple, nonshielded tubes the usable angular range (or the range
of insensitivity arbitrarily defined as the angle-of-attack range over
vhich the total-pressure error remains within 1 percent of the impact
Pressure) was found to depend on the external shape of the nose section,
the size of the impact opening (relative to the tube diemeter), and the
thape of the internal chamber behind the impact opening. The best com-
bination of these design features, a cylindrical tube having an impact
Opening equal to the tube diameter and a 30° conicel chamber, produced the
highest range of insensitivity (about 28° at a Mach number of 0.26) of
&y of the nonshielded tubes.

For mirspeed applications where it is not essential that the tube
have g large negative angle-of-attack range, the usable range may be
extended to higher positive angles of attack by means of a leading-edge
8lant profile. For slant profiles up to 20°, the usable range at positive
Wgles of attack .can be extended by about 1° for each degree of slant.

The range of insensitivity of a thin-walled cylindrical tube, for example,

Vas extended fram 23° to 32° by a slant profile of 10°. The sensitivity

°f thig tube at angles of yaw and at angles of sttack cambined with angles

:{Y&V up to 15° was found to be no greater than that of e gimilar tube
thout lesding-edge slant.

2 In cases where a ussble angular range larger than 128° 18 required,
tumCh higher range of insensitivity may be obtained with a shielded
en:e- The range of insensitivity of & tube with & shield having a conical
sh&PY, for example, is sbout 410 at a Mach number of 0.26. Changing the
th Pe of the entry of the shield to a highly curved section increases

€ range of insensitivity to sbout 163°, the highest of any of the tubes

Document provided by SpaceAge Control, Inc. (http://spaceagecontrol.com/).

-



1k - . RACA TR 3641

tested. The throats of these tubes were vented through the valls of the
ghield, a design feature permitting end-mounting of the tube on a
horizontal boom.

The effect of Mach mumber on both unshielded and gshielded tubes was
found to be considerable. For most of the unshielded tubes the range of
jnsensitivity increased linearly with Mach number, the increase amounting
to ss much as 10° over & Mach number range of 0.26 to 1.62. The range
of insensitivity of shielded tubes, on the other hand, was found to
decrease with Mach number. TFor the tube with the shield having the highly
curved entry, the range of insensitivity remains at & constant value
of +63° from Mach numbers of 0.26 to 0.5, decreases linearly to +56° st &
Mach number of 1.10, and then decreases further to 240V at a Mach number
of 1.61.

Langley Aeronautical Laboratory,
Netional Advisory Committee for Aeronsutics,
langley Field, Va., January 17, 1956.

Document provided by SpaceAge Control, Inc. (http://spaceagecontrol.com/).

!



poa WL 15

REFERENCES

1, Gracey, William, letko, Williem, and Russell, Welter R.: Wind-Tunnel
Investigation of a Number of Total-Pressure Tubes at High Angles
of Attack - Subsonic Speeds. NACA T 2331, 1951. (Supersedes NACA

RM 150G19.)

2. Gracey, Williem, Coletti, Doneld E., and Russell, Welter R.: Wind-
Tunnel Investigation of & Number of Total-Pressure Tubes at High
Angles of Attack - Supersonic Speeds. NACA TN 2261, 1951.

3, Russell, Walter R., Gracey, william, Letko, William, and Fournier,
Paul G.: Wind-Tunnel Investigation of Six Shielded Total-Pressure
Tubes at High Angles of Attack - Subsonic Speeds. NACA TN 2530, 1951.

L. Gracey, William, Pearson, Albin O., and Russell, Welter R.: Wind-
Tumnel Investigation of a Shielded Total-Pressure Tube at Transonic
Speeds. NACA RM L31X19, 1952.

5. Pearson, Albin 0., and Brown, Herold A.: Calibration of & Combined
Pitot-Static Tube and Vane-Type Flow Angularity Indicator at
Transonic Speeds and at large Angles of Attack or Yaw. NACA
RM 152F2k, 1952.

. Russell, Walter R., and Gracey, William: Wind-Tunnel Investigation of
2 Shielded Total-Pressure Tube at & Mach Number of 1.61. NACA

RM 153123a, 195k.

[£ Merriem, Kenneth G., and Spaulding, Ellis R.: Comparative Tests of
Pitot-Static Tubes. NACA TN 546, 1935.

B. Kiel, G.: Totel-Head Meter With Small Sensitivity to Yew. NACA
™ 775, 1935.

9 McClanshen, Herbert C., Jr.: Wing-Flow Investigation of & 45° Cone
As an Angle-of-Attack Measuring Device at Transonic Speeds. NACA
RM L51E16, 1951.

lo, Hasel, Lowell E., &and Coletti, Donald E.: Investigation of Two
Pitot-Static Tubes at Supersonic Speeds. NACA RM 18102, 1948.

L. Eckert, B.: Experiences With Flow-Direction Instruments. NACA
™ 969, 19Ll.

L, Moffat, Marston: Report on Kiel Probes. Rep. No. PWA-576, Pratt
& Whitney Aircraft, Oct. 17, 1945. '

Document provided by SpaceAge Control, Inc. (http://spaceagecontrol.com/).

-



NACA TR 36kl

BANLE I
mamwmmmmmmmm
20 DICLINATION 70 VITEIN 1 PERCENT [

Mange of angle of sttack for Mach mmbders of -
0.26 0.5 |o.6] 0.7 | 0.8 l 0.9 0.95 {100 |2.05 |10 | 1.6 1.62
Cylindrical tubss
M
Al o
A2 |23 it
A3 223 )
Ak g}s s ®1.5
A-S . azo..
A-6 -137 32 ”2 14 ”
A-7 |228.0 e
A-8 | #71.5 o
A=9 27.5
A-10 | 225.5 .
A-11 | $23.5
Snielded tudes
As=l | 224
Ag-2 |238.5
ol
::-5 1.3 $h0. b %9.5 38,6
Ag-b6 |#w0.1
Ag-T |#1.5
Ag-8 m.o
oY R | %0.7, 86.5
t:ﬁ :'Gfé" ALY PO 260.6 57,1 +26.6 | #57.0 | #36.3 [ 455.7 | ko0
Ag-13 | 363.8
Ao -2k | 263.8
Ag-15 | $51.4 2"5-2
Ag =16 | 253.9 50,
15%° conical tubes
29
B-1 |21 e
B.2 |13 2
B-3 |£10.5 oy
Bl {320 #.2
B-5 |119 22
B-6 |18 _ 3
30° conical tubes
Cc-1 |315.5
c-2 |217.%
c-3 39
¢k  {$10.5
2 |8 128.5
c-6 |220.5 e
c-7 |#8 i
c-8 7.5 _—
55° conical tubes
p-1 (&b
D-2 9.5
p-3 |8
Ll et L5
p-5 |[#15 .
D=6 £13.%
Ogival tubes
::é ne 21 [421.5 | 222.2| £22.8 223.1 | #223.5 |223.8 [2k.2
E-3 |-1.5, 1.5
E-b 8.5, 2.5 428
E-5 | %19
g-6 $18.5
E-7 |#18 .
sEstimated.

Document provided by SpaceAge Control, Inc. (http://spaceagecontrol.com/).



o/D
.500

- As-12 0.500
X vl ] Ag-13 544 500
d F:f:::“ D As-14 456 500
' e - —
0~ = f Toizs N It Ct rhigi e_e- 8
: d/D 60 <N L
A-6 098 P e 2 S 2
— 0.188" o | =D Dy o/D D,/D
~~l _l Ag-15 0500  0.500
B SYoIZoTod b TR - S .S
-1 o | EIZZIIIIIIIOO O
B ———qmr——— P o
A-7 107 — _Lo o/D .5
A-8 20° = 2 2 o
A-9 30 Ag-16 0500 0.5
A-10 40
A-1} S0

(.a) Series A (cylindrical) and Ag (shielded). (Vent area Ayf/Ao ©of
tubes Ag-4 to Ag-16 is 1.5.)

Figure 1l.- Diegrams of total-pressure tubes.
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Figure 6.- Variation of sensitivity angle with internal cone angle for

cylindrical, conical, and ogival tubes. M= 0.26.
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