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SUMMARY

The aileron rolling power of the Falrey Delta 2 has been measured at
subsonic speeds, by a method using asymmetric wingtip weights. The lateral
stabllity deravatives 6v and Yy have also been determised from measurements

in steady straight sideslips.

The results have been compared with wind tunnel measurements and some
differences found, the tunnel value of -6i§’ for example, being about 20%
higher than that measured in flight.

The differences could be partially due to aercdynamic interference in

the flight tests from the externally mounted wingtip weights. It is hoped
to make further tunnel tests with these represented.

Replaces R.A.E. Tech Note No., Aero 2897 =« A.R.C.25,20L
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1 INTRODUCTION

The Pairey Delta 2 is a research aircraft, built to investigate the
characteristics of a 60 degree delta wing planform over a wide range of lift
coefficient and Mach number. The information obtained from the flight research
programme is to be used as a basis for comparing these characteristics with
wind tunmnel measurements on representative models, and with theoretical
estimates. This report forms part of the overall lateral stability and control
invesligation,

The princapal lateral stability derivatives have previously been
determined dynamically, by analysing the Dutch roll characieristics of the
aircraftl., The present tests were made to measure the lateral control power by
a static method. In eddition, the static values of the rolling moment due to
sideslip derivative ﬁv, have been obtained, for comparison with the previous

dynamic measurenments,

In the present tests, externally fitted wingtip weights were used to
provide a known rolling moment, and ihe salerorn rolling power was determined by
measuring the aileron angle required 4o counteract a piven moment. Due to the
bluffness of the wingtip weight feirings, the tests were limited to an equivalent
airspeed of 235 knots.

Further {1light tests are planned, using & wingtip parachute, the develop-
ment of which is described in Ref.2, to sur—ly a known yawing moment; these
tests will allow the measurement of the rudder yawing power By and also the

directional stabality derivative, n .

2 DESCRITTION OF ATRCRATT

The Fairey Delta 2 is a lailless research aircraft with a 60 degree delta
wing of thicknassechord ratio 0,0,, and is powered by a Rolls Royce RA,28 turbo-
Jet engine, Figs,1 and 2 shcew photographs of the aircraft with the wingtip
weilght canisters fitted. The praincipal dimensions of the airoraft are given in
Table 1; Fig.3 shows a general arrangement of the alrcraft.

The aircraft has separate elevateors and allerons. The elevators extend
from the fuselage side to 57% semispan, ard the ailerons, which are rigged at a
nominal angle of 3 degrees to the wing chord, occupy the remainder of the
trailing edge. A small amount of aileron aeroiynamic balance is provided by a
wingtip horn, the ratio of area ahead of the hinge iine to total ailcron area
being 0.034. All the oontrols are irreversible and power operated; artificial
feel is provided by simple springs.

The wingtip welght canister used for the present tests may be fitted to
e1ther wing at 11,7 feet from the aircraf't centre line. The empty weight of the
canister is 65 pounds; lead ballast can be added to the canister in increments
of 50 pounds to bring the total weight up to 815 pounds. To maintain aerodynsmic
symmetry, a similar canister may be fitted to the other wing.



The mean fore-and-aft position of the centre of gravity of the airoraft
wes maintained at 54% of the wing centre-line chord (31.5% M.A.C.) by the
addition of ballast in the front fuselage section.

3 INSTRUMENTATION

The following quantities, relevant to the tests, were recorded on Hussenot
A.22 trace recorders running at a nominal paper speed of one inch per second:-

Sideslip angle range *5 degrees

Starboard aileron angle® range 12 degrees up to 10 degrees down,
relative to wing chord

Rudder angle range *8 degrees
Lateral acoeleration range *0.25g
Rate of roll range *20 degrees per second

In addition, irdicated airspeed, altitude, and fuel consumed were obtained
from automatic observer instruments, photographed by an Eclaeir cine camera.

4 FLIGHT TESTS

The tests were made in level flight at two altitudes; 40,000 feei, at
equivalent airspeeds of approximately 172, 195, 215 and 235 knots, corresponding
to 1ift coeffioients between 0.38 and 0.19, and 20,000 feet, at equivalent air-
speeds of approximately 150 and 175 knots, corresponding to 1ift coefficients
of 0,47 and 0.35. The Reynolds number of the tests, based on the wing aero-

dynamic mean chord, varied between619.5 X 106 and 26,7 x 10 for the tests at
40,000 feet, and between 22.4 x 10" eand 26,1 x 106 for those at 20,000 feet.

Records were cbtained in steady level flight at approximately O, +21 and
+5 degrees of sideslip with the empty weight canisters fitted, then with 250,
350 and 450 pounds weight in the port canister, and finally with 450 pounds
weight in the starboard camister only. Although the cenister could have been
ballasted to a total weight of 815 pounds, no tests were made with a weight
greater than 515 pounds, because of the extreme difficulty in taxying the air-
craft with the asymmetric load, In flight, aileron application was necessary
to hold the wings level; the amount required inoreased with reduction of speed.
Therefore, to allow sufficient lateral control during a crosswind approach in
turbulent air, flights were restricted to conditions in which the maximum cross-
wind component was 74 knots for a oanister total weight of 515 pounds. The
restriction was progressively relaxed for smeller canister weights; for the air-
craft symmetrically loaded, the maeximum acceptable crosswind component was
20 knots.

%1t wag intended also to measure port aileron angle; however the transducer
became unserviceable during the tests and could not be replaced. Thus, no port
aileron measurements have been presented.
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5 CORRECTTONS

The indicated airspeed and altimeter readings have been corrected for
instrument and position errors, the latter corrections being obtained from
earlier, unpublished measurements on the aircraft. The sideslip vane readings
have been corrected for the effects of flow distortion due to the nose boom
and the aircraft fuselage and for the effects of inclination of the vane to
the flow direction; the sidewash due to the nose boom has been measured
previously in a wind tunnel?, whereas values of the fuselage sidewash are
estimatedd, The corrected sideslip is 6% less then that indicated by the vene,
and at the highest incidence, a further correction of about 1% is necessary to
allow for the inclination of the vane to the Flow direction.

6 METHOD OF ANALYSIS

It is assumed that the conditions are those appropriate to steady
straighl sideslips, i.e. that the aircraft rates of roll and yaw are zero, so

that Ep %fiand 6r %ﬁ ai'e both zero. The validity of this assumption is

discussed more fully in section 7.1.

The rolling moment equation in a cteady straight sideslip for the aircraft
symmetrically loaded is:-

eB+ E+EEL = O (1)

and for the aircraft with asymmetric loading is:-

L
éé'.{. PV;(;‘; = 0 (2)

ﬂvB + egg'+ £

where the moment applied by the wiagtip weight is:-
L, = (ws - wp) Y,
where WS is the total weight carried on the starboard wingtip (pounds)

Wﬁ 18 the total weight carried on the port wingtip {pounds)

Yo is the moment arm of the wingtip canisters sbout the alrcraft
plane of gymmetry (fee’c)°



Subtracting equation (1) from equation (2) gives:-

L
A —_—
-BEBE,*'ﬁz;*PszS

i
o

(3)

where A = E' = E, the change in aileron angle to trim at constant sideslip
(radians

radians

A, = ' - Z, the ohanﬁe in rudder angle to trim at constant sideslip

Equatioh (3) may be used to determine the aileron rolling power, ZE, provided,
in general, 8; is known. In this egquation, the ohange in rudder angle to trim,
Az, arises from the yawing moment due to aileron deflection, N.AE, If N. is

g 3
zero, AZ is zero, and equation (3) simplifies {o:=
i W
LA + —5—— = 0 . L
g& p\fzs 8

Once 65 is determined, equation (1) may be used to find the rolling moment due
to sideslip derivative, 4. thus: -

-4 = ¢. 858+, 8 , (5)
The value of the derivative, ar, was determined from wind tunnel testsB, and is
presented in Fig.L.

The sideforce equation for a straight, steedy sideslip is:-
1 =
YPrEOL by L+ E = O (6)
hence;
1 ¢ & &
- = = C + .

Values of Yy and g determined from wind tunnel test35, are presented in Fig.lh.

The angle of bank, ¢, is determined from the lateral accelerometer reading, since,
in a steady straight sideslip at small angles of bank, ay = ¢, where ay is the

lateral accelerometer reading in 'g' units.,



7 RESULTS AMD DISCUSSION

Ta1 eneral

The ailercn deflections required to trim for various sideslip angles,
with and without the wingtip weights, are shecwn in Fig.5 for each airspeed.
It is thought that the accuracy of measuremerit of aileron angle is within
+0,1 degrees, and of sideslip *0.05 degrees., Only values of starboard aileron
deflection, relative to the wing chord, are presented. It should be remarked
that, although the ailerons are rigged at a nominal angle of 3 degrees up,
relative to the wing chord, the curves of aileron angle to trim at zero side-
slip, with no asymmetric weight, indicate thet in flight the starboard aileron
trim position corresponded to 4.5 degrees deflection from the wing chord.
The di1fference is thought to be due to airfreme asymmetry which necessitated some
aileron deflection to achieve trimmed conditions at zero sideslip. The
corresponding rudder angles to trim are showr in Tig.6.

The control angles to trim have been corrected to the mean equivalent air-
speed quoted for each condition, assuming that the various non-dimensional
derivatives are unaffected by small changes in speed. This implies that the
changes in aileron and rudder angles to trim the wingtip welght are inversely
propertional to uynamic pressure. The largest correotion applied to the
measured alleron angle at 150 knots E,A.S. wes 0,20 degrees, correspornding to
a speed correction of L knots., Figs.5 and 6 show that, in general, the curves
of aileron and rudder angle to trim against sideslip for the various applied
rolling moments are parallel straxgal lines, However, at a speed of 172 knots
at 40,000 feet, with wingtip weights of 250 and 350 pounds on the port wing
neither the aileron nor rudder angle to trim is linear with sideslip (Fig.5(a)
and F1g.6(d)). In both cases however, the control angles to trim at zero
sideslip appear to be consistent with those f'or other wingtip weights.

The reason for the non-linearities in the aileron ard rudder trim ourves
is not clear, as both produce more positive rrolling moments than the linear
relationship between sideslip angle and control angle to trim indicate. However,
flight pressure plotting measurements on the aircraft® indicate that two
different flow patterns, giving different pressure daistributions, are possible
under noninally similar conditions., The non-linearities may have been caused
by & change of flow pattern during the present tests.

Fig,7 shows the variation of angle of bank with sideslip for the tests at
altrtudes of 40,000 and 20,000 feet. The accuracy of measurement is thought to
be *0.05 degrees. The measured valucs have becn corrected to the mean
equivalent airspeed by assuming that the angle of bank for a given sideslip is
inversely proportional to 1ift coefficient, and that variations in the non-
dimensional control derivatives may be neglected.

The angle of bank is linear with sideslip, and at each speed, the polnts
for all wingtip weights lie, wathin the limits of experimental accuracy, on a
single line.

Examination of the flight records showed that during most of the tests,

the aircraft was oscillating in roll and yaw in response to small corrective
control movements, of the order of *0.2 degrees of aileron, and 0,1 degrees
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for the rudder., The meximum rate of roll induced was of the order of *3 degreeas
per second, and the period varied between 1 and 3 seconds; the motion in yaw
was much smaller, In view of the small megnitude of the oscillation, no
correotions have been applied in the analysis for the aerocdynamic moment due

o ¥ rs
to the small terms &P v and &r v

7.2 Aileron rolling power, &g

The aileron and rudder angles to trim, at sero sideslip, for various wing-
tip weight distributions are presented in Figs.8 and S respeotively. The
sontrol angles to trim are interpolated from the ourves of Figs.b and 6. The
rudder angle to trim at gero sideslip, Fig.9, is unaffected by changes in wing-
tip weight, indicating that the yawing moment due to aileron deflection is
negligidle for aileron deflections up to 2% degrees from neutral, and also that
the use of the simplified equation (4) of section 6 is justified in determining
the aileron rolling power, zg.

Fig.10 shows the variation of AE, the change of aileron angle required to
trim the wingtip weight, with the rolling moment ocoefficient due to wingbip
Ce
weight, for each lift coefficient tested. The gradient, ?E?” of the best

straight line through the points for each 1ift ocoeffioient, used in conjunotion
with equation (L), gives the measured value of 6€ at that 1ift coefficient.
The values of 85 so derived are presented in Fig.11, as a funotion of GL’ for

the airoraft with wingtip weight oanisters fitted. The tests at 40,000 feet
altitude yield a value of -&E = 0,1%6 at GL = 0.193, which rises to 0.148 at

¢, = 0.23, then falls to 0.143 at C; = 0.360. At Cp = 0.348 at 20,000 feet,
however, -5€ = 0.131, and at C; = 0.473, -&E is reduced to 0.128, When
considered as a function of Mach number, -&E increases from 0,128 at M = 0.3

to 0.148 at M = 0,755, and then falls sharply to 0,136 at M = 0,825, The
reduotion in -&E sbove M = 0.755 may be due to compressibility effects as the

aerofoil critical Mach number is approached, Flight pressure plotting measure-
mentsP, indiocate that the oritiocal Mach number for the wing is about 0.75 in
level flight at 40,000 feet, corresponding to a 1lift coefficient of 0.24.

Measurements of aileron rolling power on a 1/24th scale model in the
8 foot x 6 foot tunnel at R.A.E. Farnborough®, give a value of —&E = 0,160

at CL = 0,18 and a Mach number of 0.85 (Reynolds number = 1.5 x 106 based on

mean aerodynamio chord), and tests on a 1/9th scale model in the 8 foot x 8 foot
turmel at R.A.E, Bedf‘ord76 yield a value of 0,169 at a Mach number of 0.82
(Reynolds number = 8 x 10°), The two wind tummel tests are in fair agreement,
but they are some 18% - 24% higher than the value measured in the flight tests
at the same Maoh number, (see Fig.11).



Ground tests have shown that aercelastic distortion of the ailerons is
negligible for loads typical of those imposed during the present tcsts, and 1t
is thought that the difference may be due parily to aerodynamic interference
from the wingtip weight canisters which were fitted for the flight tests, but
which were not represented on the wind tunnel models., This difference
emphasises the desirability of stowing the wingtip weights internally when
possible.

Theoretical estimates of the aileron rolling moment derlvativeg, also
shown in Fig.11, are in reasonable agreement wsith the flight mcasurements at
20,000 feet altitude. The flight values at 40,000 feet, however, start to
diverge from the estimated values at low 1lif't coefficients; at CL = 0,27, the

predicted value exceeds the flight value by about 9%. No sllowance has been
mede in the estimates for the effects of the wingtip weight cenisters, which
are difficult to assess, and it is hoped to meke further tunnel teats with the
canisters represcnted.

7.3 Rolling moment duvc to sideslip, cv

The slopes of the curves of aileron and rudder anglc with sideslip,
measured from Figs.5 and 6, have becen used to derive Ev’ in conjunction with

equation (5) of seoction 6. Tig.12 shows 6v es a function of CI for the two
test altitudes, 40,000 and 20,000 feet.

A single line is drawn through the points for both altitudes as the effect
of Mach number on Ev is negligible in this range.

At cL = 0,19, -¢ = 0.060, rising to 0.110 at cL = 0.47. Also shown in
Tig.12 are the results of prev}ous Dutch roll flaght tests1 and wind tunnel
tests on representative medels?s/, The Dutch roll tests did not cover as large
a range of 1ift coefficient as the present tests; they show a similar trend
with CL, but are some 25-30f% higher, The dif'ference between the static and

dynamic valueg of Bv could be due to a genuine effect of oscillation frequency

of the Dutch roll; tunnel test59 have shown that differences of this order are
possible, but the present difference may be due partly to using estimated
values of moments of inertia in the analysis of the dynamic flight tests.

Comparison of wind tunnel measurements of Ev with those of the present

tests shows that the former are about 18% higher than the flight results,
Part of the difference may be due to aerodynamic interference from the wingtip
weight canisters which were rot represented in the wind funnel tests.

7.4  Sideforce due to sideslip, Y,

The variation of Yy, with CL is presented in Fig.13, This was derived

from the results of Figs.5, 6 and 7, together with wind tumnel values of the
control derivatives (Fig.hj. The results are compared with those obtained by
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analysis of Dutch roll tests1, and wind tunnel resu1t35’7. The present tests
yield a value of Ve © 0.22 throughout the range 0,19 < CL < 0.47. The tunnel

tests are in good agreement with the present flight values; however, the Dutch
roll method gives a value of Y, = 0.165 between CL 0,20 and 0.29, which is

about 25% lower than the present tests. In the analysis of the present tests,
it has been necessary to use values of the control derivatives yg and Yy based

5

on wind tumnnel tests”, Whilst the contribution of sideforce due to aileron
deflection is small, that due to rudder deflection is, at low lift coefficients,
as much as 60% of that due to angle of bank; thus any error in the assumed
derivative yé, will have & large effect on Voo At the pames time, the effect

of osclllation frequency on the derivative Yy deduced from the Dutch roll tests
may be significant. Wind tunnel measurements10 of Yy by static and oscillatory

techniques on a 42 degree swept wing of low aspect ratio, and moderate taper
ratio exhibit considerable differences. At low inoidence, the oscillatory
value of Y is 22% lower than the static value at sidesliv amplitudes typical of

those in the Dutoh roll osecillation, Further flight tests are planned on the
Fairey Delta 2 with a wingtip parachute, which will provide information from
which yé oan be derived, thus ellowling a more acourate determination of Yy

8 CONCLUSTONS

Flight tests covering a range of lift coefficient from 0.19 to 0.47, and
up to a Mach number of 0.82 have teen made on the Fairey Delta 2 aircraft to
determine the aileron rolling moment derivative, by measuring the aileron angle
required to trim a known rolling moment., The rolling moment and sideforce due
to sideslip derivatives were also measured. The tests showed that the method is
sourd, and provided that internal stowage of the rolling weights is possible, is
capable of giving acocurate results,

The value of -8€ at M = 0.82, with wingtip weight canisters fitted is 0.1k,

compared with a value of 0,17 from wind tunnel tests on models with no canisters
represented., The location of the wingtip weight canisters, immediately ahead
of the ailerons, may have been partly responsible for the lower rolling moment
due to aileron deflection measured in the flight tests.

The rolling moment due to sideslip derivative, -&_, inoreases from 0.060 at
G, = 0.19 to 0,110 at G, _ 0.47, about 18% lower than corresponding wind tumnel
neasurements. The lower value of &v may be due to aerodynamio interference

from the wingtip weight canisters. The analysis of the flight Duteh roll tests
gave a value of —&v = 0,082 at CL = 0.2, some 30% higher than the present tests.

Part of the difference may be due to the effeots of osecillation frequency of
the Duteh roll,

-1 -



The sideforoe due to sideslip derivative, g g is constant at 0.22 between

CL = 0,19 and O.47. The tumnel results, where comparable, are in good agreement
with the wingtip weight tests, while the previocus Dutoh roll test results are
sbout 25% lower, possibly due to the effeots of oscillation frequency on the

value measured in the Dutech roll tests.

LIST OF SYMBOLS

a_ reading of lateral accelerometer, g units

c lift coefficient =

rolling moment

C, rolling moment coefficient =

¢ 2

pV Ss
L

C, rolling moment coefficient due to wingtip weight = ———;V

" pV S s
C, Yawing moment coefficient = Yanng2m0ment

pV S s

C, sideforce coefficient = Sideforee

¥ 1 g2

zpV S

w rolling moment applied by wingtip weight, pounds feet

N_ Yyawing moment due to rudder defleotion, pounds feet per radian

p rate of roll, radians per second
r rate of yaw, radians per second
S wing area, square feet

8 wing semi-gspan, feet

V. eguivalent air speed, knots

V  true speed, feet per second
g sideslip angle, degrees

Z  rudder deflection from neutral, degrees
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LIST OF SYMBOLS (Contd.)

starboard aileron deflection relative to wing chord, degrees

change in rudder angle to trim with wingtip weight fitted, degrees
change in aileron angle to trim with wingtip weight fitted, degrees
angle of bank, degrees

air density, slugs per cubic foot

3G
rolling moment due to rudder deflection derivative -gé- , per radian
oC

rolling moment due teo aileron deflection derivative Sg per radian

ac
rolling moment due to rate of roll derivative _B—G)ﬁﬁ’ per radian

oC
rolling moment due to rate of yaw derivative a—(ﬁﬂ" per radian

oC
rolling moment due to sideslip derivative £ per radian

ap?
acn
yawing moment due to rudder deflection derivative "E, per radian

aC
sideforce due to rudder deflection derivative & a—;Y" per radian

ac

sideforoe due to aileron deflection derivative JE 2 Per radian

aC

sideforoe due to sideslip derivative % -3-‘-31, per radian

N.B. ALL FORCES AND MOMENTS ARE REFERRED TO STABILITY AXES
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TABLE 1

Fairey Delta 2 - principal dimensions

Wing
Gross area
Span
Centre line chord
Tip chord
Mean aerodynamic chord
Leading edge sweep
Dihedral
Twist
Wing body angle

Aileron
Total area (each)
Area forward of hinge line (each)
Nominal rigged up angle

Range of movement
All up weight at take-off, with empty
weight canisters, and 2500 1b fuel

Centre of gravity position
(1000 1b of fuel gone)

Moment arm of wingtip weight canister
Weight of empty canister
Length of canister

Diameter of canister

-15 -
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360 square feet
26,83 feet

25 feet

1.83 feet

16,75 feet

60 degrees

0 degrees

O degrees

+1.5 degrees

16.61 square feet
0.57 square feet
3 degrees

#17 degrees relative to
rigged up angle
14,430 1b

54% centre line chord or
31,5% mean aerodynamic ohord

11.? feet
65 1b
4.0 feet

0.96 feet
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FIG.2Z. FAIREY DELTA 2 SHOWING STARBOARD WINGTIP WEIGHT CANISTER
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FIG. 3. GENERAL ARRANGEMENT OF FAIREY OELTA 2 IN TEST CONFIGURATION.
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AI (42) Patrey Delta 2

ARCe C.P, Noo. 739 533,652,1 ¢
533464013413 ¢

FLIGHT MEASUREMENTS AT SUBSONIC SPEEDS OF THE 533¢6e013.417

AILERON ROLLING POWER AND LATERAL STABILITY 553460011434

DERIVATIVES &V AD y ON A 60 DEGREE DELTA
WING AIRCRAFT (FAIREY DELTA 2). Dee, F,W. June, 1963,
The aileron rolling power ef the Falrey Delta 2 has been measured at

subsonic speeds, by a methed using agymmetric wingtip welghts, The
lateral stability derlvatives ('v and ¥, have also been determined from

measurement.s In steady stralght gideslips,

The results have been compared with wind tunnel measurements and scme
differences feund, the tunnel vaiue of « £ , for example, being ahout 20%

higher than that measured in rlight,

AL (42) Fairey Delta 2

A.R.C C.P. N0.739 53'652.1 :
533460 013,413 &

FLIGHT MEASUREMENTS AT SUBSONIC SPEEDS OF THE 53346.013,17 ¢

AILERON RORLING POWER AND LATERAL STABILITY 53346.011,34

DERIVATIVES 6v AND y_ ON A 60 DEGREE DELTA
WING AIRCRAFT (FAIREY DELTA 2), Dee F,W, June, 1963,
The allsron rolling power of the Fairey Delta 2 has been pmeasired at

subsonic speeds, by a method using asymmetric wingtip weights, Tha
lateral stablility derivatives 6\:’ and Y, have also been determined from

measurements in steady stralght sideslips,

The results have been compared with wind tunnel measurements and some
difrerences found, the tunnel value of - £ , for example, belng about 20%

higher than that measured in flight.

Al (42) Fatrey Delta 2
53.652,1 3
55346.,013.413 &
533060013.1417 :
TB3a6e01,34

A.R.C, CoP, NO, 39

FLIGHT MEASUREMENTS AT SUBSCNIC SPEEDS OF THE
AILERON ROLLING POWER AND LATERAL STABILITY
DERIVATIVES &v AND v, ON 4 60 DEGREE LELTA

WING AIRCRAFT (FAIREY DELTA 2), Dee, F.W, June, 1963,

The alleron rolling power of the Falrey Delta 2 has been measured at
subsonic speeds, by & methed using asymmetric wingtip weights, The
lateral stability derivetives &v end y_ have also been determined from

measurements in steady straight sldeslips,

The results have been compared with wind tunne) measurements and some
differences found, the tunnel value of = £ _ , for example, being ahout 20%

higher than that measured in rlight,




The differences could be partially due to aerodynamic interference

in the rlight tests from the externally mounted wingtip welghts,
heped to make further tunnel testg with these represented,

It 1is

The differsnces could be
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heped to maks further tunnel te

The differences could be
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