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" NACA LANGLEY MEMORIAL AERONAUTICAL LABORATORY
MENORANDUM REPORT
for the
Air Technical Service Command, Army Air Forces
and the

Bureau of fLeronautics, Navy Department
MR No. L6AOS
CALIBRATIONS OF SERVIGE PITOT TUBES IN THE
LANGLEY 2l;-INCH HICH-SPEED TUNNEL

By W. F. Lindsey

Calibration tests have been made in the Langley 2l-inch
high-speed tunnel on a Kollsman type G 1 and an NAF No. 1
pitot tube at an 1n*le of attqcx of 0° over a Mach number
range from 0,20 to O. 37. 01t104 11 callbration tests
were made on the NAF No. 1 itot tube at various angles
of attack over a maor numoar range from 0,20 to O, 55

The effect of craln holes on the flow within a
service pltot tube at oF angle of attack was analyzed and
a relation was derived whersby the error in total pressure

could be estimated., Thls gnalysis was extended to include
thie effects of comrressibility on the error 8o that an
estimated V“lbp or an experimentally determined value _
gould be extrapolated to higher speeds, The callibration
tests indicate that the accuracy of the extrapolated and
estimated va;ucs are within reasongble limits.

INTRODUCTION

Calibration tests have been made on one service
pltot tube (Xollsman type G-1) sunplied by the Army Air
Forces, and on one pitot tube supplied by the Navy and
designsd for service installations, The tests were con-
ducted in 'the Langley 2li-inch high-speed tunnel.

Tesats of the Kollsman. type G-1 pitot tube were
requested by the Army because of reported erroneous
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total-pressure indicaticns.encountered in flight during
dives, and because a high-sveed calibration of the
instrument had not been made Data previously obtained
on similar instruments (refﬁr nce 1) show that the error
in total pressure (in percent of the difference between
t@t 1 and static pressures) is not appreciably affected
by Maech number,

If the nressure indicated by the pitot tube installed
on an. airplans 1s' 1o énroy under dive icondltions,, L& iia
most probsple that thils error is a result of exceeding
the useful angular range of the instrument. The angular
range of acceptable accuracy would be greatly reduced 1f
the nose of the instrument:is located too close to the
leading edge of the wing, because in that region changes
in divection of air flow are much greater than changes In
angle of attack of wing., Instruments have been installed
with the nose 10 inches ahead c¢f the leading edge of the
wing.

For the stated conditions, wind-tunnel calibration
tests of the instrument alone, even though made over a
wide angular range, could not bs expected to provide a
complete solution to the problem, which could be better
studisd by comparing in flight the reading of the service
pitot tube with that of an instrument capable of deter-
mining the correct total pressure over a large angular
range. (2ee refsrence 2.)

Abrupt chances in the indicated alrspeed under
landing conditions had been reported for some instrument
antallwthﬂo on Naval aircraft, This trouble was
believed to be directly related to the variation in the
error of the measured total presaure with angle of attack.
The Navy therefore designed the HNAF No. 1 pitot tube

at
it

incorhﬂrating a Kiel type nose waich was expected to
me asy the total pressure to an accuracy of 1 mlle per

hour over an extended angular range. The Kiel type
instrument (reference 2) is a pitot tube enclosed within
a tubular shield, the purpose of which is to maintain
alinement between the pitot tube and the flow through
the shield. The instrument is thus capable of measuring
total pressure without error over a large angular range,
The use of a Kiel type ncse on the NAF No. 1 pitot tube
without allowing flow through the Instrument except as
provided by the drain holes >“\Uld not be expected to
inerease its angular range Ffor zero error over that of g
simple total-pressure tube, which is approximately *13°
(reference 3),




1~-580

s are 3

MR No, L6AOS 2

A method 1s given in this report whereby the error
caused by the drain holes in a pitot tube at 0° angle of
attack can be estimated. The analysis was extended to
Ineclude the effects of compressibility on the error so
that an estimated value or an experimentally determined
value could be extrapolated to highker speeds,

A test program was determined in a conference
attended by Mr. G. A. Hdrd‘ﬁb of the Philadelphia Navy
Yard, Lt. R. Munnikhuysen of Wright Field, and members
of the Langley Laboratory staff, In accordance witl
this program, tests were made cn the Kollsman type G-1
and the NAF No, 1 (Weigund manufactured) pitot tubes
at 0° angle of abtach over a Mach number range extending
from 0,20 to 0,37, Additional tests were then made on
the NAF No. 1 pltof tube at various angles of attack
over a range of Mach numbers from 0.20 to 0.5

METHODS AND AFPPARATUS

The Langley 2li-inch high-speed tunnel in which these
tests were made 1s an induction=-type wind tunnel without
return passages, having its induction nozzle downstream
from the test eotion.

The total pressure at the test sectlon for all
sSpeeda is 1u:1 to ths atmospheric hressurb except for g
small loss throus h screens. This loss, for whiech the
data reported nerein have Lsen corrected, has been det
mined bL¥ measuremsnts of the loss through screens and by
gomparison of the total pressure measured by several

total-nressure tubes.

The static pressure in the test ssection was deter-
mined by calibratsd static-nressure orifices in the
tunnel wall upstream from the test section. The streanm
Mach numbers and the correct total pressure in the test
Ssection were then computed from measured values o the
atmospheric pressure ancd the pressure at the calibrated
Static-pressure orifices.,

The two pitot tubes calibrated and repcrted herein

(1) NAP No. 1
Manufactured by Welgand
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(2) Airspeed tubs type G-1 \
Specification No. 94-27378
Kollsman's part No. 701-02

nstruments are shown in figuresl(a) and 1(b),

cl
pectively.

The pitot tubes were mounted for the calibration
tests on a long support tube lccated approximately 1n
the center of the tunnel. The support tube, having an
outside diameter equal to that of the pltot-tube adapter
shown in figure 1, formed a rearward extension to the
adapter, and was supported by two sets of wires which
were fastened to the tunnel walls, Each set consisted
of three wires spaced 120° apart., One set of wires was
attachied to %he support tube % inches downstream from
the adapter, and the other set was 3 inches farther down-
stream, Figure 2 illustrates this type of mounting.

Changes 1n the angle of attack were made by rotating
the support tube in a plane which passed through the
axls of the instrument and the drain holes. The rotation
was made so that the nose of the pitot tube retained 1lts

location approximately at the center of the tunnel.

SYMBOLS

The symbols used herein are: ¥
o) sStream static pressure
5] stream total pressure
Jgi total pressure indicated by instrument
M stream Mach number
a angle of instrument axis with respect to air flow
Aq area of total-pressure duct in region of pres-

Sie = St

As area of one drain hole in tube having N egual- .

diameter drain holes (NA> is total drain area)
6
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Py local static pressure at drain hole

Vl veloclity at area A,

Vs veloclity through drain hole

P stream mass density (at a static pressure equal
te p)

Py stagnation mass density (at a static pressure

equal to H)
RESULTS AND DISCUSSION

The error in the measurement of total nressure for a
plitot tube at 0° angle of attack resulting from the
presence of drain holes can be estimated by using the
equation of continuity and Bernoulli's equation for an
incomnressible flow, Bernoulli's equation is

1
H-p= ‘é‘pV2

From which

and

L
=P

assuming an orifice coefficient of 0.8 the equation of
continulty is

Alvl = U.3§A2V2

: f E /)

1wt B AN .

Z-H = o.44n® 7%> (1)
H - a7} Al

eliminating V
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The pressure ccefficient for incompressible flow is
P .0 p
P = —L
H.=p
| H - pz]
H-0p
Thus
24
e Ao\
H- 3" - 5,682 (1 - P) 2
This relation shows tha’r the effect of locating the
drain hole in a low-pressu or high-velocity region

would be to increase the error in the rsading. For
pitot tubes having drain holes located one or more tube
diameters behind the nose, however, the induced velocities
at the drain holes would be small., The resulting value
of the pressure coefficient P would be between O

and 0,02, as indicated by results from an unpublished
pitot-static tube investigation, and thus the assumption
hat P :equals zero would introduce negligible error.
Equation (1) then becomes

(3)

The estimated error in the measured total pressure

at 0° angle of attack for the two pltot tubes based on
me asured dlmcn31ﬂns end equation (%) are: 0.0006 and
0,0009 for the NAF No. 1 and the Xollsman type G-1 pitot
tube’, “9°“ecti rely. A comparison with the results
presented in figure 3 shows that the experimental values
at a Mach number of 0.2 are in excellsnt agreement with
these estimated values,

Previous experimental results (reference 1) have
shown that the magnitude of the error in the total-
pressure measuremsnts decreases slightly with increasing
Mach number, It can be seen in figure 3 that the effect
of compressibility on 'the total-pressure error of these

pltot tubes 1s in agreement with the results of refer-
ence l,
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In an effort to determine the factors which produce
a reduction in the magnitude of the total-pressure error
with increasing Mach number the process whereby equa-
tion (3) was derived was reveated for compressihle flows,
It was assumed that the pressure at the drain hole was
equal to stream static pressure, veloeity V3 ' was small,
no losses were incurrsd in the flow up to the plane of
the drain hole, and that the assumed discharge coef-
ficlent 0.8 Was constant. The resulting equation is:

ad
1w - 2
o E - o () £ - (L)
e Shta 2o b

1 + + = +

LYo 1660

°

If the.subscripts 1 and ‘¢ are uséd to differentisate
the incompressible and compressible forms, respectively,
then: '

CIR 0, NRTRRY ;O ¢ 1
B:2.0 Je. \E - = EX0 N 6 (5)
P /e TP St Ay 1 ETL e I»:

erms of equation (5) decrease

2r, the relation shows that the
should decrease with increasing Mach

1 ontributing factor to

this decreagse is & change 1in dsnsity, . The effect of
compressibility on this error as. determined by equation (5)
is shown in figure . :

The results of the calibration tests on the
NAF Ho. 1 pitot tube at various r”’es of attack are
presented in figure 5, It can be sn that the angular
ra~T° wherein the error is sseﬂtlallv equal to the value
at 0° is limited to approximately t10° although the rate
of change of error with angle of sttacl beyond 10° is not
large compared to that for a simple pitot tube. (See
reference 3,)

A comparison of the results for the positive and
negative conditions at a given angle of attack shows that
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the differencesare generally within the scatter of the
test points.

An examination of the test results and the curve
giving the limiting error for a reduction in velocity of
1 mile per hour under standard conditions shows that the
angular range for this limiting error decreases from *21°
at a Mach nwsber of 0.2 to $21° at a Mach number of 0354

It can be seen that the effect of compressibility
on the error, even at the highsr angles of attack, 1s
in agreement with the results shown in figure 3 and
reference 1, The change in the magnitude at these
higher angles of attack is such that the error at a Mach
nunber of 0,5 1s approximately 80 percent of the error
at a Mach number of 0.2. It i1s Interesting to note that
a change of 86 percent would have been predicted by
equation (5) or figure L although no effect of angle of
attaclk was considered in the derivation of equation {5

CONCLUDING REMARKS

he error in total pressure indicated by.a pltot
tube with drain holes at small angles of attack can be
estimated, and this estimated value or an experimentally
determinesd value can be extrapolated to higher speeds,
These calibration tests indicate that the accuracy of
the estimated values will be within reascnable limits.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va,
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