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SUMMARY 

. 

I 

The position errors of angle-of-attack-and sideslip detectors 
located on the fuselage of a 35O swept-wing fighter airplane were meas- 
ured in flight over a Mach number range of 0.50 to 0.92 and at lift 
coefficients up to the buffet boundary. The variation of fndicated 
angle of attack-with true angle of attack was line= at each constant 
Mach nuniber and altitude over the entfre test range but-both the slope 
and zero intercept varied with Mach number. It is shown that the angle 
of attack can be computed tithfn %.2O on 90 percent of the data points 
using a linear equation in terms of indicated angle of attack and the 
ratio of waot pressure to static pressure. The variation of indicated 
angle of attack with sideslip angle was small and linear. 

The indicated sideslip varied linearly with true sideslip and was 
insensitive to changes of Mach nuriber,~tith-the true sideslip being 
63 percent of the Lndicated value. 

INTRODUCTION 

In many automatic fire-control snd guidance systems for aircraft 
and guided missiles it is necesssxy to use angle-of-attack and sideslip 
input signals. Two general methods have been considered for obtainfng 
these signals, continuously computing the true angle of attack from the 
known or meaaured dynamic pressure , gross weight, normal acceleratfon, 
and Uft-curve slope, or measuring the angle of attack directly. 
Accuracies of the order of f0.2O are usually required. 

Turning our attention to the second method, in order to get sn - 
accurate measured indication of the true angle of attack it is necessary 
either to put a sensing device at a considerable distance in front of the 
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aircraft to avoid the interference effects of the wings and fuselage, or 
to make corrections for these position errors if the sensing device is 
relatively near the aircraft. Nose or.wing-tip booms of the order of 
6 to 8 feet in length w6uld be necessary to put the sensing device in an 
area relatively free of interference effects on airplanes the size of 
the present test vehicle. Besides introducing errors from bending of 
the booms, such long booms would be objectionable on operational air- 
crm . Therefore it seemed desirable to investigate a location on the 
fuselage nose where, although the true angle of attack could not be 
measured directly, the local angle of attack might be measured and 
corrected easily to give a.signal proportional to the true angle of 
attack. 

This report presents a flight-test calibration of the position 
error on the fuselage of a North American F-86A-5 airplane at a specFfic 
location suggested by the Aviation Ordnance Department of the Naval 
Ordnance Test Station at Inyokern, California. Although the numerical 
results obtained apply to a particular location on a particular airplane, 
it would be expected that similar results would be obtained on any b&y 
which is a'reasonable approximation to a body of revolution, provided 
sufffcient attention is given to avoiding local interference in select- 
ing the location of the sensing device. The general formofthe cor- 
recting equations should be the ssme with the constants changed to fit 
the particular aircraft and location. 
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NOTATION 

empirical zero intercept of expression relating true and indicated 
angles of attack 

normal-force coefficient ( normal force 
ss > 

&N normal-force-curve slope -- 
( > ba 

acceleration due to gravity, 32.2 feet per second per second 

total pressure, pounds per square foot. 

empirical slope of expression relating true and indicated angles 
of attack 

Mach number _ 

static pressure, pounds per square foot . 

dynamic pressure , pounds per square foot 
I 
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s, impact pressure (H-p), pounds per square foot 

S wing area, square feet 

V true airspeed, feet per second 

a angle of attack, degrees 

B sideslip angle, degrees 

P density, slugs per cubic foot 

sibscripts . 

I indicated 

T true 

C computed 

EQUIPMEETAEDTESTS 

Basic Airplane and Instruments 

The test airplane (fig. 1) was a standard North American F-86A-5. 
As a means of determining true angle of attack a nose boom, shown in 
figures 2 and 3, with five free-floating vanes located 20, 40, 60, 80, 
and 100 inches forward of the nose of the airplane was used. Figure. 3 
also shows the one-chord-length wing-tip booms onwhich the vanes used 
to determine true sideslip were mounted. 

To measure the local angle-of-attack and sideslip angles on the 
fuselage, Specialties, Inc., Type J, Airstream Direction Detectors were 
located on each side of the fuselage and on the lower center line as 
shown in figures 4 and 5. These detectors are smsll cylindrical probes 
with two lengthwise slots spaced 6o" apart which provide differential 
pressure to rotate the probe to seek the null or zero differential 
position which is recorded-by a 

p" 
tentiometer. The slots, which are 

visible in figure 5(b), are l-3 8 inches long. The outer ends of the 
angle-of-attack slots were 3-13/32 inches from the fuselage atin, and 
the outer ends of the sideslip slot8 were 2-l/8 inches from the skin, 

An 18-channel oscillograph, used to record all vane angles, was 
synchronized with standard WA instruments recording impact pressure, 
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pressure &Ltitude,- and normal acceleration. A 16-millimeter motion- 
picture camera was used to photograph the bending deflectfon of the 
nose boom in flight. 

i 

The precision of-the angle-of-attack vane measurements is estimated 
to be ho.1'; the precPsion of the sideslip-angle vane measurements, 
including unknown wing-tip-boom deflectiona, is estimated to be fO.25'. 
The sensitivity of the Speoialties Airstream Directfon Detectors is 
specified-as ti.ll" at values of dynamic presairre greater than 125 
pounds per-sqme foot, the minim um during'the present tests. 

-- 

D&a Corrections and Tests 

The anglee of attack indicated by-the ffve vanes on the nose boom 
were corrected for floating angle (due to asymmetry of the vanes), for 
upwash around the boom, and.for the bending of the boom due to accelera- . I_. 
tion and air loads. The corrections for vane floating angle and boom 
upwash were obtained by calibrating the boom in the-Ames l24oot pres- 
sure wind tunnel in both the upright and inverted positions at Mach 
numbers from 0.50 to 0.96. Figure 6 shotis; as a eample of the wind- 

.- 
.- 

tunnel data, that for-the most forward-vane thefloating angle (one- 
half the difference between the angles indicated in the upright and- 
inverted positions) is nearly independent of Mach number and angle of -a . 
attack. The data at a Mach number offC.96 have considerable scatter and 
are considered to be unreliable because of tunnel choking.. Similar 
results were obtained-for the other four-vanes.' l 

The-upwash due-to the boom was derived.from figure 7 .which presents 
the slope of the'variation -of indicated angle of attack of the forward 7 ' 
vane with true-angle of attack as a function of wind-tunnel dynamic 
pressure. The linearity of the data obtained at several Mach n&ers 
indicates that there is no Mach number effect on the behavior of the 
vanes. The intercept -at zero dynamic pressure, hence zero bending 

deflection, &I - = 1.058, is the upwash correction. This corresponds 
aaT 8 

closely to the theoretical value of 1.062 from considerations of incom- 
pressible flow around a cylinder. The slope of the curve.in figure 7 
can be used to determine the boom deflection due to dynamic pressure; 
however, the flight results, which were affected by acceleration as 
well a8 by-dynamic.pres.sure, were corrected for the actual deflection 
of the boom determined by means of photograghs taken duri@ the test 
runs. 

-- 
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In addition to the above corrections, it was necessary to establish 
the mount of- position error present ahead of the fuselage nose. I 
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Figure 8 shows the indicated angle of attack of each vane a8 a function 
of the distance of the vane from the nose of the airplane for several 
normal-force coefficient8 at a Mach mer of 0.81 and for several ~adh 
nmiber8 at normal-force coefficient8 of 0.10 to 0.35. Data for the 
vane 80 inches from the no8e me 
tion. Theee curves are 
at the most fo 
the airplane. 
angle of att* 
true w of attack of 
report. 

The masale of 8idesU.p wa8 obtained by averaging tde readings 
of the van&s on the left and the right wing-tfp booms. No correctfons 
for unsymmetrical inflow at the wing tip8 due-to sideslip were con-. 
sidered necessary. 

The data from the flow-direction detectors mounted on the fuselage 
were corrected only for internal and external allnement with respect to 
the aircraft axma'mentdatmline, 

Test flights were made at altitudes of 2,000, 10,000, 2O,ooO, and 
> 35,000 feet. The range8 of Mach nuviber and nurmal-force coefficfent 

covered in the investigation are shown in figure 9 with the buffet I 
boundary of the test air-plane included for reference. The sideslip was 
held to less than lo for the angle-of-attack detector investigation. 

RESULTS AND DISCUSGIOH 

Angle of Attack 

Figures 10, 11, and 12 present the miation of angle of attack 
indicated by the flow-direction detectors on the fuelage with true 
angle of attack at constant Mach nu&er at each of the four teat alti- 
tudes. The variation8 are linear over the entfre range of angle of 
attack q to the buffet boundary. Over 80 percent of the data potits 
are within *O.l" of the Paired straight lines, while over 96 percent 
of the points are within *O.25O. Because-e 8mallrange of angle of 
attack covered at altftudes of 2,ooO and 10,000 feet make8 it inq>ossible 
to define a slope accurately, the faired lines for these data (fig.,l2) . 
are averaged from-the alopes and intercepts of the data from test8 at 
altitudes of 20,000 and 35,000 feet (figs. 10 and ll). 

Since the variations of true angle of attack with mdicatedangle 
of attack were shown by figures 10 through 12 to be 3Fnear at each &ch 
nmiber, the true angle of attack c&n be expressed as 
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The constants m and b are functions of Mach number and pressure alti- 
. tude as shown in figure 13, which is a 8 ummary of the po8ition-error 

calibration. 

The slope, m, varies..moderately from 0.63 at O.-W'-Mach number to 
0.58 at 0.88 Mach number, and increases abruptly to 0.66 at 0.92 Mach 
number as compared with a theoretical slope of 0.9 based on incompres- 
sible flow around a cylinder,- The slopes are derived from the test8 at 
,high altitudes since the angle-of-attack range was limited at the low 
altitudes. The.pyincipal change- in position error is the shift in the 
zero intercept b w$th Mach nuuiber from 0.5O at 0.60 Mach number to 
1.3' at 0.92 Mach number. 

It would be possible to use the slopes and zero intercepts gTven 
in figure 13 directly to correct indicated angles of attack for position 
error, although the computer~required would be com;plLcated by having to 
use nonlinear relationships.. However, if the intercept b is plotted 
as a function of Q/p, as in ffgure 14, a straight line through the 
origin is a reasonable rej?resentation of.the experimental data. It 
would then be possible, by making the assumption that the slope m is 
independent of Mach .nuziber and altitude, to arrive at the relatively 
simple correction equation 

-__ 
-. 

q = 0.615(q) + 1.7ohJ~) (2) 

For actual installatfons the conetant 1.70 would be modified to correct 
for the position error of the airspeed installation used as the source 
of s, and p. Reference 1 describes the F-86 airspeed System calibration. 

To check the accuracy of equation.(2), it was used'to calculate ._ 
the true angle of attack for the -data from these tests. Figure 15 
presents these results as a function of true angle of attack. The line 
of perfect correlation and lines of f0.2O dev-iatfm are shown for 
reference. 
f0.2O. 

More than 90 percent of the points~are~within the desired 

In order to show the data of figure 15 in more detail, the.data 
have been plotted in figure 16 as the difference between calculated 
and true angles of attack as a function of true angle of attack. 
Separate curves are presented for the three ranges of test altitude. 

i z 

In addition to the effects of Mach nuirber and normal-force coef- . 
ficient, the effect of sideslip on the angle-of:.attack gqeitionerror __- .-I 
was investfgated. Figure 17 shows the variation (for the detector on 
the right side of the-fuselage) of indicated angle of attack with m 
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sideslip at several constant vahes of true angle of attack--and at 
several Mach nmbersr The change8 in position error with aideslip are 
small, about O.l" change in angle of attack for each degree of side- 
slip. The SignIficauce of this change, of course, depends upon the 
actual amount of sideslip obtained in flight and will have to be evalu- 
ated in each case. Since the variation is lineaS through zero true 
aideslip, the use of the averaged signal from two detectors, one right 
and one left, would eUki.nate this effect. 

SideSlip 

'flhe position error of the sideslip in8tallatiOR is presented. in 
figure 18 for angles of attack of lo to 5O. The variation of iticated 
SideSlip a?IglewithtrtE sfdeslip angle is apparentlyIlnearandunsf= 
fected by Mach nmiber. Within the estimated accuracy of measurement 
of true SideSlIp angle (+0.25°) the data shown in figme 18 csn be 
adequately represented by the equation 

ST = 0.63 -PI (3) 

CONCLUSIONS 

I The meas&ment of the position errors of angle of attack sud 
. sideslip detector8 ow of a 35O swept-ting airplane have 

Indicated: 

1. Over the test range for the angle-of-attack calibration, which 
extended zzp to the buffet bow of the test airplane at Each nunibers 
from 0.50 to 0.92, the indicated angle of attack varies linearly with 
true angle of.attack. over 80 percent of the test pOi&S were within 
*O.l" of faired straight u1~8, while over 96 percent were within 0.25'. 

2. The true angle of attack was obtained to 50.9 on 90 percent 
of the data points by correcting the indicated data with the equatfou 

arIf = 0.615 CXI+WO $ 

, 

3. For au angle-of-attack detector mounted on one side of the 
fuselage there was a small linear variation of indicated angle of attack 
with BideSUp amounting to O.l" of angle of attack fok each degree of 
SideSlip angle. This effect co*a be elimina ted by using the averaged 
signal of two detectors, one on each side. 
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4. Over the ra,nge of 
flight, approximately lo to 

a.n$les of attack corresponding to level 
5 , and between Mach numbers of 0.70 and ;- 

0.91, the variation of indicated sideslip with true sideslip was linear 
and was Independent of-Mach ntier. The true sideslip angle was 
63 Eercent of the indicated sideslip angle. 

Ames Aeronautical Laboratory 
National Advisory CommLttee for Aeronautics 

Moffett Field, Calif. 

1. Thompson, Jim Rogers, Bray, Richard S., tind Cooper, George E.: 
Flight Calibration-of Few? Aikp&ed Systems on a Swept-wing 
Airplane at Mach Numbers up to 1.04 by the NACA Radar- 
Phototheodolite Method. NACA RM A50E24, 1950. 
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Figure l.- The test airplane. 
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T!Y.gure 2.- The nvsCboomlnetallatlonwlth angle+f-attackvanea. 
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Angle of attuck 
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Figure 3.- Two -view dfuwhg of the test uifplme. 
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Figw'* 4.- The angl~f&ttack detector on the 'left side of-the fuselage. 
. 



(a) Location of the detector. (b) Closetap of the deteator. 

FIgwe 5.- The angle-of-sidesl.lp detector. 
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Figure 6. - The wriafion of the ongfe of attack indicated by the nose -boom vane with rue angth 
of aHack at various Mach numbers. Am@ I2 - feet pressure wind tunnel tests. 
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Figure /I. - The vufiution of indicuted ung/e of uttuck with ffue 
ung/e of ~ftuck ut seveful Much numbers und 20,000 feet 
dtitude . 
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Figure 12. - Thhe wwiation of indicuhd angle of ottmk with true angle of ath~c& at 
sewa/ Mixh numbers and attitudes of 2~700 and /aooO feet. 
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Figure /4.- The variation of the zero intercept b with the pressure mtio + 
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Simp/it$ed equation : 
ec = 0.615 (a*) + I.70 (q&J 
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Figure t5.- The compafison of the /rue ongfe of attac4 with that computed using 
a simplified equafhn . 
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ffngle ut severa/ Much numbers and 32000 feet u/fifude. 
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for several vahes of Mach number tmd of constant angles of attack. _ 


