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RESEARCH MEMORANDUM

HIGE-SPEED wmD-TuNmEL ImEsmGAmoN cm’

THE EFFECTS OF COMPRESSIBILITY ON A

PITOT-STATIC TUBE

By Louis S. Stivers, Jr., and
Charles N. Adams, Jr.

SUMMARY

A high-speed win~tunnel investigateion has been made of a
pitot-static tube having the Federal Stin&d Stook Catalog
No. 8&T-2950 to provide information on the effects of compressl-
Mlity upon the pressure lndi&tions of a representative airspeed
head at high subsonic speeds. The calibration factor for the
instrument has been evaluated for several small a~gles of yitoh and

. yaw throughout a Maoh number zange from 0.30 to apmo-tely 0.925.

The results indicate that the calibration factor for eaoh
ccsnbinationof pitch and yaw angles tested is, in most oases

.
practically constant with Mach number up to a Mach number of
approximately 0.8. A greater variation in the calibration factor
exists for changes in yaw argle than for changes in pitch angle,
and only slightly more variation for changes in positive pitch
angle than for changes in negative pitch angle. At zero pitch and
zero yaw the error in the differences of the total and static
pressures given by the pitot-static tube is never greater than
1.6 percent for speeds up to a bhch number of 0.$325.

INTRODU(XTON

The need for additional information concerning the practica
bility of pitot-static tubes for indicating airspeeds near the speed
of sound becomes increasingly apparent as the operating speeds of
aircraft ammxch this velocity more and more closely. Wind-tunnel
investigati& of several stan%rd service
speeds up to approximately 0.8 Mach number

pitot-s~tic tubes
have been reporte~

at
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references 1 and’2. Ea&h pitot-static tube was tested at zero
pitch emd zero yaw~ one pitot-static tube of reference 2 was also
tested at small angles or yitch. “ “

To supplement’theexisting information on ~~s subject, the
present Investigation,wasundertaken in the.Ams L- by 3-1/2-foot
high-speed wind tunnel to evaluate the-effects of compressibility
on the velocity irukicationsof a high-s~ed-t~ service pito= “-

.“

.—

static tube at-speeds up to approxi~i%~ “0’.92~Mach number. The
tests were extended to include several small sqles of yitch and

—

yaw.

The
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following symbols are used in

free-stree.mstatic pressure

this report: ..:.‘~”

..’ .“’. —

static pressure given by pitot-static tube ..,’ -’. , . ~.-.

free-stream dynenic-preseure, (+PV2) ...
-

free-stream Mach,nuntmr t

P,-~.. t
<-_ p

H-q

E-p

,

(1 +l!f2+5+ )
——

compressibilityfactor ‘M6 ‘,.
.~. 4Q ~+’””: . , “. . *<. .

free-%trimm total press~e ‘[p + (1 +“”q)q] ..
.,,.

total pressure given by pitot-q~tic tube . : .. --
.’ . . .

angle of,pitch . .,... —
:,

sngle of yaw
,..

arc tan (e/*) ... . .

angle of inclination to free @meap (approx._
“f’m dl @&g) “, ,.:., .. ,, .—,. .:.

etiror.”inH’taticpresstie’ : . ,. —,. ...’.. ,,. .....,.

error in total pressure
-- ,.

●



3
. .

H-P
Calilm’ationfactor

HT - FT

APPARATUS AND TESTS “

The present tests were conducted in the Ames l-by 3-1/2-foot
hig&speed wind tunnel, a low-turbulence closed-throat wind tunnel
powered by two 100&horsepawer motors.

A pitot static tube having the Federal Standard Stock Catalog
No. 88-T-2950 (NavyAviation Supply Office Stock No. RWT-2950), .
shown in figure 1, was used in the present tests. me static-
‘pressure orifices in this ttibewere located only on the top and
bottom of the +aibeapproxi~toly six tubo diameters behind the
nose. Throughout the entire investigatflonthe pitot tube drain
hole was sealed. The pitot-static tube was attached by flush head
screws to a tube 44-1/2 inches long and 1-1/2 inches in diameter
(fig. 2). This supporting tube, in turn, was attached to a’
heavier tube held in place by steel cables anchored at the tunnel
walls in the diffuser. It was necessary that this heavier tube be
boated far enough ddmptream in the difftier to avoid tunnel
blocking. A sketch.of the mounting is shown in.figure 3, and a
photograph of the entire assembly is shown in figure 4, This
assembly was positioned.in the tunnel such that the static-Tressure
orifices of the pitot-static tube were locate~ at a position where .
the free-stream static pressures were accurately known. TMs

position was approximately 3 feet downstream of the nawl test
position for airfoil models.(!lheAmes 1- by 3--l/2-footwind tunnel - “--
has a test section 10 feet long.) The free-stream”static pressures
at the pitot-static tube test position had been previously determined

. in a manner similar to that descrfbed in reference 2, but the true
total pressure.eat this sae position were assumed to be ,those
indicated by the pitot tube at zero pitch and zero yaw. This
assunptier-iis valid siticethe pitot-tube drain hole was sealed for
the entire investigation. .. .

Measurements of the total and static m?essures of the pitoti-
static,tube were
nuder of 0,3 to
obtained for the

obtained-throughouta spe;d range from a ~ch
approximately 0.$25. ‘l%esemeasurements were
following combinations of an@es of pitch and.yaw:

,.
,-.
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Pitch, deg,

o

0

*3.6

.

,

= order to detetine the care reqtired in the ins@llatton of . . .
the pltot+tatic tube,-tests were init~ally made at angles of zero
pitch with zero yaw and zero Titch with &3.6° yaw ifiwhich the
suyport screw holes were botlnunfilled (fig. 2(a)) and filled
(fig. 2(b)]. .,

RESULTS AND DISCUSSION “

The pitot-static-tube data obtained in the present tests have
been corrected for tunnel-blockageeffects, including the effe~ts
of compressibility,using ltnear perturbation t~oryo me ~~itu~.
of this correction to the calibration factor and to the error -in
static pressure is shown in figure 5 for the case of zero pitch and
zero yaw.

The test results are presented in figuzw 6 in a’form similar
to that of reference 2 giving the errors in static and total
pressures and the calibration factors as a function of Mach rnuaber
for the several configurations of pitch and yaw.

No appreciable differences in pressure measur?mmts were d.i.e-
cernible for the tests with the screw holes of the pitot-static
tube support unfilled and filled, as shown in figures 6(a) .ud 6(b),
so the remaining portion of the tests were made with the screw
holes unfilled.

‘Checktests of thb pitot-static=tubopressure readings for
eqygd.ang+es of positive and negative yaw showed substantially
identical values. These readings would ham bean expected.to be
the same since the static-pressure orifices =e symmetrically
located with respect to a vertical plane through the axis of the

—
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pitoi-static tube. The data obtained for positive angles of yaw,
therefore, ere presented in figure 6 as the values for both positive
and negative angles of yaw. Tests made for equal positive end
negative pitch angles show almost identical total-pressure readings
but different static-pressurereadings (cf. figb. 6(d) and (e),
6(f) and (g), 6(h) and (i), and 6(~) &d (k)). ‘l’hoseUfferances
in static-pressurereadings canbe attributed only to the fact that
the static pressure orifices on the bottom of the tube cover a
greater length of the tube periphery than those on the top.

-.
In general.,the data of figuro 6 show that the error in

masuring free-stream total pressures with the pitot-static tube is
very small and aJmost negligible at small angles of pitch and yaws
while the error inmasuring free-stream static >Y&msures consti-
tutes the larger part of the total error of the pitot-static tube.
For each combination of ‘pitchemilyaw angles investigated.the cali-
bration factor is, inmost cases, almost constant with Mach number
up to a Mach number of apprcx~tely 0.8, and increases somwhet
for higher Mach nunibers. Figure 6(a) shows that for Wch nunibers
uy to 0.925, the errbr in measuring E _ p ti.ththe pitot+static
tube at zero pitch and zero yaw is never”greater thsn 1.6 percent.,

. Over the range of Mach numbers where the calibration factors
are nesrly cons~tj average vshes were obtained from figure 6 for

. each combination of pitch and yaw angles tested, and were used In
the preparation of figure 7. Each combination of these angles.
determines the @es 13 and & and a specific quadrant of
figure 7. In this figure the intersection of the radial line
defined by en angle @ in the proper quadrant and the contour for an
angle $ldef’inesa calibra.tionfactor. For zero pitch ~ equals
zero, and Q is the absolute value of we engle of yaw; whereas,
for zero yaw ~ eqyd.s positive or negative 90° (dependingupon
whether the pitch is positive or negative), snd, o is the shsolute
value of the angle of pitch. For zero pitch and zero yaw Q is zero
and 13 maybe my single. Figure 7 shows a larger variation in the
calibration factor for changes in yaw an-glethan for changes in
pitch angle, end only slightly more vsmiation for changes in positive
pitch than for changes in negative pitch angle; The calibration
factors obtained from this figure may be used for syeeds up to a
&oh number of 0.925 with reasonable acc~acy, since the errors in
the factors givenby this figure for any conibinationof pitch and
yaw angk tested ere no greater then 1 percent at this Mach number.

,



-,
... , ..-...-

6 .,,., NACA RM NO. A’7’F12
. .,

,“t.

CONCLUSIONS
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*

The fol.bwing conclusions are obtained from the results of the
high-speed wind-tunnel teats ,ofa pitot-static tube havir@ the
Federal Standard Stock Catalog No. 8$!-T-2950:

1. llhecalibration factor of the pitot-static tube for each
combination of pitch and yaw an@.es inve,atigatedis, in most cases,
practically constant with Mach number up to a kch num%er of
c.pproximately0.8~ o

2. There is more variation in the calibration factor for
changes in yaw angle than for changes in pitch angle, and only
slightly more variation for changes in positive pitch.anglo than
for changes in negative yitch angle.

3- At zero pitch and zero yaw the error in the differences
illthe tOtd arid Static ~ZWSSUl?OS $iVf3Zlby the pitOt-St&iC tub iE!

never greater than 1.6 percent for spe@.s up to a Mach nuniber of
0s925. ..

Ames Aeronautical Laboratory,
National Advisory C@mnittee for Aeronautics,

Moffett Field, Calif.

1. Look, C.N.E., and Hilton, W.F.: C.ali%rationof Standard
l?itot+tatic Eeuds in the High-Spoe& Tunnel. R. &M. No. 1752,
British ARC, 1936. .
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2. Hensley, Reece V.: Calibrations of Pitot-static Tubes at High
Speeds. NACAACR, July 1942.
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Figure l.- Pitot-statictube having Federal Standard Stock

Catalog No. 88-T-2%0.
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(a) Support screw holes unfilled.

(b) Support screw holes filled.

Figure 2.- View of tube mounting showing the attachment of the tube
to the support.
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FIGURE 5. – THE VARIATION WIWI MACH NUMBER OF THE MAGNITUDE OF THE TUNNEL- WALL

CORRECTION TO THE ERROR IN 5TATIC PRESSURE AND TO THE CA LIEjRATION FACTOR OF THE

PITOT-STATIC TUBE AT ZERO PITCH AND ZERO YAW .
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