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SUMMARY 

Longitudinal short period oscillations have been excited in flight on 
the Faircy Delta 2 aircraft by stick pulses, 
some of the longitudinal derivatives. 

and the results analysed to give 
Values of the derivatives mg, 3CL/&z, 

Hm and mw are presented for a Mach number range up to M = 1.6 at 38,000 ft 
altitude and M = 1.15 at 10,000 ft altitude. Some values of m have also been 
derived. 

r) 

Comparison is made with wind tunnel, rocket model, and wing flow test 
results, and also with theoretical estimates. 

Replaoes R.A.E. Report No. Aero 2617 - A.R.C. 21,699 



LIST OF CONTEXTS 

m 
INTRODUCTION 4 

DE!WILSOFAIRCRA.E'T 4 

INSTR~TION 4 

PRESSURE ERROR AND LAG CORRBCTIONS 5 

FLIGHT TEST TECHNIQUE 6 

ANALYSIS TECHN&'-m AND ACCURACY OF RESULTS 
6.1 Analysis technique 
6.2 Accuracy of results 

6 

7 RESULTS 9 

8 DISCUSSION 11 

9 COMBRISON VITH ExF'EWXENTAL AND THEORJZTIC& DATA FROM OTHER 
SOURCES -I2 

IO COMPARISON OF THX MEASURED DAAiPIXG WITH TX3 PLYING CKARACTERISTICS 
OF THE AIRCRAFT 14 

II CONCLUSIONS -I4 

LIST OF SYl'IBOLS 15 

LIST OF RBFERENCES 18 

A?X%NDICES I - 3 20-24 

TABLE1 25 

ILLUSTRATIONS - Figs.1 - 21 

DETACHABI;E ABSTRACT CARDS 

Appendix 
1 

2 

3 

Table 
1 

LIST OF X'F'ENDICES nu-UPIII 

- Correction to -$ due to normal accelerometer not 
being at the C.G. 

- Effect of elevator movement 

- Engine gyroscopic coupling 

TABLE 

- Details of Faimy i)elta 2, sclrjal ho. a.777 

20 

22 

26 

25 

-2- 



LIST OF ILLUSTRATIONS 

The Fairey Delta 2 airoraft W&m 
Figure 

1 

Fairey ticlta 2 - Goneral arrangement 2 

Variation of C.G. position with fuel contents during a typical flight 3 

Fairey Delta 2a WG.777 - pressure errors at sea level 4 

Comparison of static P.E. data at 38,OOO ft 5 

Time history of longitudinal short period oscillations 

Period of longitudinal oscillations 

Total damping of longitudinal oscillations 

Phase angle by which oscillation of q leads that of n 

Amplitude ratio of q to n 

Values of lift curve slope derived from flight tests 

Rotary damping derivative rn; derived from flight tests 

Manoeuvre margin stick fixed as derived from flight tests 

Pitching moment derivative mw as derived from flight tests 

Values of mr derived from flight measurements of Hm and 8n/aCL 

Effect of aero-elastioity on the derivatives 3CL/aa and Hm 

Effect of aero-elasticity on the derivatives mw and m rl 

Comparison of values of (XL/au), rl from flight and model tests 
> 

Comparison of values of -mi from flight and model tests 

Comparison of values of -mw from flight and model tests 

Comparison of flight results with theoretical data 

6 

7 

8 

9 

IO 

II 

12 

13 

14 

15 

16 

18 

19 

20 

21 



I INTRODUCTION -m-v 

A programme of flight tests is being carried out on the second proto- 
type Fairey Del~2aircraft, aimed at obtaining the aerodynamic derivatives 
of the aircraft for comparison with wind tunnel and rocket model test data 

* and also with theoretical estimates. 

'I 
The first phase of the programme has been to measure the longitudinal 

derivatives aC J aa, mg, Hm and mw by analysing the stick fixed longitudinal 
short period oscillation that occurs after an elevator pulse. This report 
gives details of the result3 obtained and gives a comparison with data obtained 
from other souroese 

2 DETAILS OF AIRCRAFT 

The Fairey :hlta 2 is a t,&llcss deltElr;vi 
leading edge sweepback of the wxng and vertical Y 

tiramf% having &Jo 
'in. 'I'able 1 gives details 

of the aircraft, and a photograph and three view drawing are shown in Figs.1 
and 2 respectively. 

The elevators, aileron and rudder are power operated, artifioinl feel 
being supplied by springs and ca.m followers. A gear change mechanism is 
fitted to enable the pilot to vary the gearing between the stick and the 

c controls. Operation of the gearohange mechanism alters both the elevator and 
aileron gearing at the same time. Trim is obtained by varying the datum of 
the spring feel. 

The aircraft was flown at an all-up-weight at take-off of 13,&O lb and 
a C.G. position with undercarriaGe down of 165.9 in. aft of the leading edge 
of the centreline chord. For the flight patterns flown in the presczt series 
of tests, the C.G. positions at which the test results were obtained were 
within 53.4 in. of 163.3 in. aft of the leading edge of the oentreline ohord. 
The estimated moment of inertia in pitch under these conditions gave a value 
0f h 0f 0.205, The estimated v,ariation of C.G. position with fuel contents 
during a typical flight is shown in Fig.3. 

3 INSTRUMENTATION e&.--s-.. 

Airspeed, altitude and fuel contents were read from auto-observer 
instruments photographed by an Eclair camera running at 8 frames per aeoond. 
The AS1 and altimeter were fed with pressures from an airspeed head mounted 
on the no3e boom. 

Hussenot A22 recorders were fitted and were set to run at a paper speed 
of about I in./sec. The following is a list of the relevant quantities 
measured together with the type ad range of the transmitting instrument:- 

Normal acceleration SFIM accelerometer 
Rate of pitch Ferranti gyro 
Rate of roll Ferr,anti gyro 
Rate of yaw Ferranti gyro 
Angle of sideslip Wind vane 
Angle of attack Wind vane 
Elevator angle port Potentiometer 
Elevator angle stbd. Potentiometer 

0 - 2g 
fl5’ seo 

o/ 230 /aeo 
td5'/sea 
* 5O 
-50 + 25’ 
-do + b0 
-33O + zoo 



Synchronisation between the Hussenot recorders and the auto-observer was 
effected by a 3 second timing clock supplying a veeder in the auto-observer 
and event markers in the recorders. 

Dynamic calibrations of the gyros and accelerometer were made on an 
oscillatory table. The following results were obtained:- 

0-2g accelerometer 

The aocelerometer was air damped but was sealed in an airtight box 
to eliminate any effects of changing altitude. The gyro was damped with 
silicone oil. Measurements made in flight showed that at all times the 
gyro temperature was approximately 15'C, so that the effect of variations 
in the viscosity of the silicone oil could be neglected. 

4 PRESSURE ERROR AND LAG CORRZCTIONS ..u- 

The airspeed head was mounted on the nose boom of the aircraft and 
consisted of a a.98 pitot-static head with its drain hole sealed (now 
called a Mk.PE head). 

The installation was calibrated in low level runs past the airfield 
Control Tower, measurements of tne altitude indicated in the aircraft being 
made with a sensitive aneroid covering the range -1000 to +2000 ft altitude. 
The results are shown in Fig.4, expressed in,coeffioient form. Data from 
wind tunnel tests on the airspeed head alone have been used to extrapolate 
the results to low speed and to give the total head error. 

Fig.5 shows the static pressure error cf the first prototype aircraft 
(WG.774) obtained at 38,000 ft altitude in fly-bys past the A & AE% calibrated 
Venom. Also shown are the results of Fig.4 extrapolated to 38,000 ft by 
assuming that C 

P 
is a function only of CD. The lack of agreement between the 

two sets of results is apparent and cannot be satisfactorily explained. As 
the difference between the sea level and the 38,ooO ft results amounts to 
only about 0.013 in Mach number at M = 0.9, it was considered sufficiently 
acourate to assume that the difference was a linear effect of altitude and i 
was not dependent on Mach number. Hence at any given Mach number, the C has 
been assumed to be that for WG.774 at 38,ooO ft (Fig.5) plus an inoremen F1 in 
Cp of (38,000 - altitude) x 0.025/38,000. ir 

The pressure lags in the pitot and static system were determined from 
ground tests in the usual manner, and corrections applied to the flight test 
data wherever applicable. 

True airspeed was determined using values for the ambient air temperature 
supplied by the Meteorological Office. 
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5 ELIGHT TEST TECENIQUE P- 

The technique used was for the pilot to trim the aircraft at the 
required Mach number, and then sharply strike the control stick so as to 
apply a normal acceleration of about 2g total, the stiok being returned to 

* its trimmed pcsition by the artificial feel springs. The ensuing longitu- 
dinal oscillation was allowed to subside without the pilot again touching 
the stick. 

3 In practice, accurate longitudinal trimming prior to initiatig the 
oscillation was found to be virtually impossible at transonic and supersonic 
speeds. At transonic speeds the nose down trim change made the aircraft 
statically unstable, and at supersonic speeds the speed was either increasing 
reheat on or decreasing reheat off, since the two position nozzle allowed no 
control over the reheat thrust. 

Difficulty in trimming the aircraft laterally often led to some diver- 
gence in roll during the longitudinal oscillation. 

Tests were made in level flight at Mach numbers up to 1.65 at 38,ooO f't 
and 1.15 at 20,000 ft, 15,000 ft and 10,000 ft altitude. 

6 ApIALySIS T.ECHNIQUE AND ACCURACY OF RESULT2 me- 

6.1 Analysis technique 

In view of the known Large effect of elevator motion, only that part 
of each oscillation where the elevator had stopped moving was analysed. This 
does not, of course, preclude the possibility of small elevator motions within 
the resolution of the instrumentation being present, and Appendix 2 discusses 
the possible errors that might arise from this. The lateral motion that was 
generally present was assumed to have no effect on the longitudinal motion. 

Eaoh oscillation was analysed graphically by plotting on semi-log paper 
the envelopes of the positive and negative peaks of both the normal aocelera- 
tion and rate of pitch. The best straight lines were then drawn to define the 
mean envelope of each oscillation, the mean of the slopes giving the damping 
factor 2. The indicated amplitude ratio (q*/n*)* was also derived from these 
mean envelopes. The indicated phase angle #ln by which q leads n, and the 
periodic time P were obtained by drawing the mean line of the oscillation and 
plotting the intercepts of the q and n traoes. 

Corrections to #in and (q*/n*)I were then made to allow for the different 
response characteristics of the aocelerometer and ro and for the aooelero- 
meter being situated ahead of tne C.G. (Appendix 1 The true value of #qn is 

ti qn = qn + X #' 

d 

where x = amount b which phase lag of gyro exceeds that of aocelerometer 
(degreesy. 

The value of x depends on the frequency of the osoillation (para.3). 

The true value of q*/n* is 

(2) 
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where (2Jidio = ($1 e-Iphp 

and es distance of normal accelerometer ahead of C.G. (feet). 
w 

Using the values of q*/n", P, and R so derived, the aeroayrlamic deriva- 
tives a, ma, and Hm, were obtained using the equations given in Ref.2, The 
lift curve slope, a, is given by , 

a = -&- [J-W - R] 

v q* where p = ii ,a 

The rotary damping derivative rn; is calculated from the equation 

ad the manoeuvre margin from 

Hm = 

(3) 

(4) 

(5) 

If mq can be estimated or derived from other sources, s can be obtained since 

m = 
W -%n 

= -;Hm+t,. II 1 3 (6) 
As mq/p is small compared with Hm, large errors in the estimated values 

of mq can be tolerated. 

It can easily be shown that equations (3), (5) and (6) reduce to the 
following very approximate relations 
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i 

2J a 
='p 

Hm = i8 
FPJ 

These are useful in assessing the effect of errors in the various measured 
quantities. 

The pitching moment derivative due to elevator deflection (rr+,) is 
obtained from the relation 

2”r1 h 
Hm=--- 

cL n 

= -2m$q. 

The quantity AdACL is obtained from measurements of q and n in turns and 
pull-ups. 

6.2 Accuracy of results 

The maximum errors that are probably present in the values of J, p, R 
and #,, obtained from the flight tests at 38,COO ft are shown in the following 

table, together with the consequent errors in the derivatives: 

v O error in a 

% error in Hm and m 
rl 

7 0 error in m 
W 

i 
Error in -ma 

AJ -= b2 
J 22% 

/ P 
= +3;4 

i 
+f = 25% Wqn = 25’ 

0 '2% 

0 Y2% 

0 0 
! 

30.01 ! ~0.01 to i 50.02 to I To.01 
I 0.02 I 0.03 I 

It may be noted that although 9, is not used directly in the analysis, 

an error in $4 
qn 

caused by, say, instrumentation phase lag errors, affects the 
value of q*/n* deduced from the experimental curves and hence influences a, 



;0.03* At low altitudes where the damping is high and relatively few cycles 
are available for analysis, the errors may be considerably larger than these, 

As the errors in % will depend upon the accuracy of both Hm and AT/AC,.,, 
it is probable that the overall accuracy in this derivative will not be better 
than about 515% 

In obtaining the derivatives, it has been neoesssry to use an estimated 
value of * $9 p ending measurements on the full scale airoraft. wrience has 
shown that estimates of moment of inertia can be considerably in error and 
that a discrepancy of 1% between the estimated and true values would not be 
unusual, As the derivatives m ;p> Em, IfJf and mq are Pro portional to $, a dis- 
orepanciy of this magnitude is clearly important. The value of %#a is, 
however, unaffeoted by b. 

Additional errors may arise from 

(-0 elevator oscillations small enough to be undetected by the 
instrumentation, 

(2) coupling of the lateral and longitudinal motions, 

The first of these is discussed fully in Appendix 2, where it is shown that, 
although the errors are small at 40,000 ft altitude, significant error3 can 
result at 10,ooO ft altitude. The effects of coupling between the lateral 
and longitudinal oscillations are generally small and are discussed in para. 
aid Appendix 3. 

7 RESULTS 

Pig. 6 shows four typical time histories shcwing the decay of the longi- 
tudinal short period oscillation following a stick pulse. The following 
features will be apparent from a study of these time histories 

(4) the very high damping at low altitudes and low speeds results 
in a correspondingly small number of cycles to damp (Fig.b(a)). In 
many such cases, it becomes impossible to apply the technique of 
para.6, although the period can often be derived with fair accuracy 

(2) except at the lowest speeds, some elevator motion takes place 
after the stick has returned to its trimmed position. Thi3 motion is 
usually of an oscillatory nature. Because of the known large effects 
of such elevator motions (Appendix 2), only that part of each trace 
where the elevator appears steady has been analysed. This still does 
not rule out the possibility of elevator oscillations being present 
within the resolution limits of the instrumentation measuring elevator 
position, and this aspect is discussed in scme detail in Appendix 2, 
The reason for this elevator motion is not completely understood, 
although it is undoubtedly related to the characteristics of the 
hydraulic system of this aircraft 

P 

(3) a lateral oscillation commence3 soon after the start of the longi- 
tudinal oscillations. This could arise from 

an inadvertent aileron pulse applied at the same time as the 
Zator pulse 

(b) differential movement of each elevator during and after the 
pulse 

(4 engine gyroscopic effects. 
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The known characteristics of the hydraulic system make it probable 
that differential elevator movement is primarily responsible for this 
lateral motion, although, because of the very coarse range of the 
transducer on the starboard elevator, this could not be substantiated. 
In the majority of cases no aileron movement could be detected. The 
effects of engine gyroscopic coupling can be shown to be very small 
(Appendix 3). 

Analysis of the longitudinal oscillations has been made on the 
assumption that their characteristics are unaffected by the lateral 
motion. The validity of this assumption is discussed in para.8. 

Figs.'-/, 8, 9 and 10 show the period, damping, please angle between rate 
of pitch q and normal acceleration n, and the amplitude ratio of q to n, 
These are the quantities required for the determination of the aerodynamic 
derivatives and are fully corrected for instrument errors. At 38,000 ft it 
will be seen that the period reduces from 2.0 seconds at M = 0.8 to just less 
than 1.0 at supersonic\ speeds. As altitude is reduced so the period also 
decreases. A sharp change in the period will be noticed at Mr: 0.94at 38,OOOi't 
and M = 0.97 at 10,OCO ft altitude, The total dmping is always positive 
although a trough exists near K = 0.95 (Fig.8). The damping increases 
markedly with reduotion in altitude. 

1 Figs.11, 12, 13 and 14 show the values of ma, OCI/da, Em and s as 

derived from equations (3), (It), (5) and (6) of para.6. 

The lift curve slope for constant elevator position increases up to a 
Mach number of 1.0 and then decreases progressively (F&II). Reduction in 
altitude from 38,000 ft to 10,000 ft causes an apparent loss in aCL/aa of 
about 2% 

The rotary damping derivative m increases to a peek value of -0.5 at 

:a> 
0 93 and this decreases abruptly $ a become destabilising over a small 
if Mach nmber from 0.95 to 0.965 (Fig.42). Note, however, that in 

this region the total damping is still positive (Fig.8). At supersonic 
speeds, rnb varies be&een -0.1 and -0.2 and is little affected by altitude. 
The points obtained at low altitude at subsonic speeds are unreliable due 
to the difficulty of measuring 8 and q*/n* when the damping is high. 

The stick fixed manoeuvre margin, Ii,, increases from 0.08 to 0.12 as M 
increases from 0.85 to 1.0 at 38,000 ft, and-then increases gradually with 
increasing supersonic Mach number (Fig.?j). The value of H, decreases with 
decreasing altitude, suggesting that aero-elastic effects are much larger 
than the effect of the mq/v term. 

Fig. 14 shows the derivative mw, calculated from equation (6) using the 
values of mq estimated from Ref.6. As rng_/cI is smsll compared to Hm, large 
errors in the estimation of mq have little effect, The value of -mw at 

38,000 ft rises progressively to a maximum value of 0.22 at M = 0.96 and then 
decreases slowly with increasing Mach number. At 10,000 ft altitude, the 
magnitude of this derivative is only about 60$ of its value at 38,000 ft, 

The pitching moment derivative due to elevator deflection (q) oanbe 
obtained from equation (10) of para. 6.1 if AdAC$, is known. This quantity 
AdACI, was obtained from measurements of q and n in turns and pull-ups5 and 
is shown in the upper part of Fig.15. The results below M = 1.0 were obtained 
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at all altitudes up to ~,OOO ft, but those above M = 4.0 were limited to the 
altitude bard from 30,000-50,000 ft. Wthin the limits of this test enve- 
lope there appeared to be no effect of altitude on AQ/AC~ The C.G. at whioh 
these results were obtained was virtually identical to that of the aircraft 
used in the present series of tests. The values of mrl derived from equation 

d:%95veness above M 
are shown in the lower part of Fig.1 5. The marked fall-off in oontrol 

= I.0 is very apparent. 

8 DISCUSSION 

The low elcperimental scatter of the results obtained at 38,000 ft is 
pleasing ard is a measure of the repeatabiliQ that can be obtained from 
this technique when several cycles of the oscillation are available for 
analysis. The high damping at low altitude increases the possible experi- 
mental errors, but even so, the results show a marked consistent effect of 
altitude on the derivatives a, Hm and mw. In an attempt to explain the 
reason for this altitude effect, some consideration will now be given to 
the following 

(1) aero-elasticity 

(2) coupling between the lateral and longitudinal oscillations 

(3) small elevator oscillations within the resolution of the 
instrumentation measuring elevator movement. 

Some calculations have been made by the Fairey Aviation Company on the 
effects of aero-elasticity at M = 1.3 and I. 7 at various altitudes, To give 
some idea of the effect at other Mach numbers, these calculated values have 
been extrapolated assuming that the aero-elastic effect is solely a function 
of &pv2. The measured derivatives corrected in this way to rigid airoraft 
conditions are shown in Figs.16 and q7. It will be seen that aero-elasticity 
can account for much of the altitude effect on Hm and m,n, but only goes part 
of the way towards explaining the effect on aCL/aa and hence on mw. 

Engine gyroscopic coupling can play some part in modifying the period 
and damping. This effect is discussed in Appendix 3 and is shown to be 
generally negligible. The errors are largest at low speed ard high altitude 
ardatM = 0.8 at 38,000 ft, for example, the derivatives a and Hm will be 
too large by about 2% and the derivative -mw too large by about 5ve This of 
course increases the measured difference in the derivatives at different 
altitudes, 

Once the lateral motion has commenced, some forcing of the longitudinal 
oscillation could arise from the inertia term (C-A) pr and the aerodynamic 4 
derivative mP. However rough calculations suggest that the maximum error in 
q*/n* due to the inertia term will always be less than I%, and this is clearly 
negligible. No estimate can be made of mP, but it is believed that its L 

magnitude is very small. 

Large errors can arise at low altitude from the presence of elevator 
oscillations small enough to be within the resolution of the instrumentation 
recording elevator movement, and therefore undetectable. Appendix 2 shows 
that if the elevator motion is phased in a certain manner to the normal 
acaeleration, the errors can be large enough to explain the difference shown 
in Figs.16 and 17 between the 10,000 ft and 38,000 ft "rigid airorafV deriva- 
tives X$/da, Hm and mw. Further, the high damping at low altitude leads, not 
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only to inaccuracies in the measurement of 2, P and q@/n*, but also to the 
necessity for commencing the analysis at a point soon after the termination 
of the elevator pulse. As the elevators take a finite time to stabilise, 
there is the increased probability at low altitude of small elevator mtions 
still being present in the region where the analysis is made, The use of a 
more sensitive elevator transducer and of harmonic analysis techniques would 

Y appear worthwhile. 

c 
In view of the above remarks, the low altitude results are not 

oonsidered to give as true a representation of the stick fixed derivatives 
as the 38,000 ft results. These latter are therefore the results that will 
be used in comparing with data from other experimental sources. The flight 
test data used in this comparison will be uncorrected for aero-elastic and 
engine gyroscopic coupling effects, as these effects are quite small at high 
altitude. 

9 COMPARISON VITH EXl?ER3NX!iXL AND THJZOREXKXL DATA FROM OTHER SOURCJES 

The results obtained from the flight tests at 38,000 ft altitude (with- 
out any corrections for aero-elasticity or engine gyroscopic coupling) have 
been compared in pigs. 15, 18, 19 and 20 with data obtained from the following 
tests made on models representative of the full scale aircraft: 

04 Ving flow tests (Refs.3 and &) 

: 

(4 

Rocket model tests (Ref.7) 

The results were obtained by exciting the longitudinal short 
period oscillation. The C,G. position was at 87 in. (full scale) aft 
of the wing apex. The tests were at zero inoidence, a Reynolds number 
of about 10 x 106, and a reduced frequency of about 0.08. 

The intake was not represented on the models tested. 

A single degree of freedom free oscillation technique was used 
on a half model. Tests were made at a reduced frequency of 0.16 to 
0.10 and at incidences of O", 2' and 5'. The Reynolds number was 
0.8 x IO6 and the axis of rotation was at 169 in, (full scale) aft of 
the ting apex. Static measurements of Cm and CL were also made over a 
range of incidences. Transition fixers at 5% chord were used for the 
oscillatory tests, but not for the static tests. 

The intake was represented by a solid fairing, 

High speed wind tunnel tests (Unpublished RAE Data) 

Static measurements of CL and Cm were made in the INS IO ft x i' ft 
High Speed Wind Tunnel over a range of incidences at Mach numbers up to 
0.94. The Reynolds number was 2 x 106. Transition was not fixed. 

The intake and the flow through were represented. 

Supersonic wind tunnel tests (Unpublished RAE Data) 



For comparison, the Re olds number of the flight tests at 38,000 ft 
altitude was between 25 x ii? IO and 60 x IO6 and the reduced frequency about 
0.08. 

Fig.21 shows a acmparison between the flight test data and some 
theoretioal estimates. 

Fig.18 shows that although the results from wing flow, rocket model, 
and subsonic wind tunnel tests agree amongst themselves, they are some lC$ 
lower than the flight values. The supersonic wind tunnel results are in 
very good agreement with the flight results. Comparison is made with some 
theoretical estimates in Fig.21. At supersonic speeds, the theoretical 
lift curve slope for the wing alone is little different from that of the 
wing-body combination, and this is also true at low Mach nuniberfk, It is 
seen that agreement with the theoretical values is good at supersonic speeds, 
but there is a discrepancy of some 15$ at subsonic speeds. However, it is 
probable that the flight data is not particularly accurate at Mach numbers 
below 0.9 due to the s-mall number of experimental points and to the diffi- 
culty of measuring q*/n* accurately when only one or two cycles are available 
for analysis. .i 

The degree of agreement obtained between the various experimental and 
theoretical data is considered generally satisfactory. ‘ 

Fig.19 shows that the wing flow results agree well with the flight 
results, both in magnitude and in predioting the loss of damping at M = 0.96. 
The rocket model tests give considerably larger values of -ma because of the 
very far forward C.G, position used on the model to achieve the correct 
reduced frequency. The correction necessary to reduce this result to the 
full scale C.G. position is large and cannot be accurately estimated?. The 
rocket model results are seen to predict the fall in damping at Ifi = 0.96 
but for some reason show a second trough near 14 = 1.07 that is not present 
in the full scale results, 

Theoretical estimates for the wing alone agree well with the flight 
measurements at subsonic speeds, but are somewhat larger at supersonic speeds 
(Fig.21). 

m 
W 

Comparative values are shown in Fi.g.20, all results having been 
corrected to a C.G. position of ? 63 in. aft of the wing apex. In comparing c 
the flight data with wing flow and subsonic wind tunnel results, it is useful 
to bear in mind that the flight CL and incidence are 0.25 and 50 at 38,000 ft 
at M = 0.7, and 0.10 and 2' at NL = 1,l. The wing flow and subsonic wind 
tunnel data are in good agreement with the flight results, but the rocket 
model ani supersonic wind tunnel tests give values of -mw about 20$ larger. 
A small amount of this discrepancy can be accounted for by aero-elastic 
effects (Fig. 17). However, since this 2C$ difference amounts to only 0.03 in 
manoeuvre margin, the agreement is thought to be reasonably good, particularly 
when allowance is made for possible errors in the assumed value of s (para.6.2), 
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. 

Agreement with theory for the wing alone is good at supersonic speeds 
(Fig. 21). At subsonic speeds, the theoretical values of "tp are only about 
5% of the measured values, although this discrepancy corresponds to only 
about 0.03 in manoeuvre margin. 
are negligible 13b14, 

Body effects on the s for the wing alone 

, The values of mrl obtained from wind tunnel tests are shown in Fig, 15. 
The subsonic wind tunnel and the flight test results agree at low Each number, 
but the rapid rise in -% above M z 0.85 is not present in flight. The super- 
sonic wind tunnel results are about 5% higher than the flight values, although 
this difference reduces to about 35$ :vhen the flight results are correoted for 
aero-elasticity (Fig.17). IXscrepancies of this magnitude are not unexpected 
due to the poor accuracy in the determination of % from the flight test data 
and the possibility of error in the assumed value of b (para. 6.2). 

IO CXXPARISO~ 03' THE%BBJRED~DAM.?ING i'iITH THE F'LYXNG CHARACTERISTICS 
OF THEi A.IRCWT 

In this paragraph an attempt is made to relate the measured longitudinal 
damping to the flying characteristics of the aircraft. In so doing, it is 
important to remember that pilots' impressions are coloured not only by the 
aerodynamic damping present, but also by the quality and effectiveness of the 
longitudinal control systrtm. Characteristics whioh are known to be due 
solely to deficiencies in the longitudinal oontrol system are not discussed 
here, 

Pilots have complained of a region of poor longitudinal damping near 
M E 0.95, making the aircraft difficult to control. This is particularly 
apparent when manoeuvring at this speed. The damping is otherwise satisfac- 
tory for a research aircraft, although a military application would almost 
certainly require artificial damping in pitoh. 

During an approach to land in turbulent weather, the main difficulties 
arise from the lateral and directional characteristics, and the longitudinal 
damping seem3 adequate. 

The pilot's complaint of poor damping near M 7 6.95 might be exp8uted 
.from the "trough" in the aerodynamic damping (Pig.8). However, it is certain 
that much of the pilots ' difficulty stems from oscillations induced by the 
pilot in attempting to fly in the nose-down trim change that also occurs in 
this speed range. 

Y II CONCLUSIONS 

Longitudinal short period oscillations were excited in flight on the 
FaireyDelta2 aircraft by stiok pulses. Using the technique of p8f.2, the 

c longitudinal derivatives were obtained by analysing that part of each 
oscillation where the elevator position was sensibly constant. 

(1) The results obtained at 38,ooO ft altitude showed that 

(i) the lift curve slope increased to a peak value of 3.7 at M = 1.0, 
thereafter falling off progressively and reaching 2.4 at M = 1.56, 

(ii) although the total damping of the aircraft was always positive, 
the rotary damping derivative ma becsme destabilising over a small band 
of Mach number near M = 0.96. 
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(iii) the manoeuvre margin, Hm, increased frcxn 0.08 to 0.42 at 
transonic speeds and then continued to increase at a slower rate 
with increasing supersonic Mach nuuiber, 

(iv> -mw increased rapidly from 0.12 at M = 0.9 to a maximum of 
0.21 at M = 0.96 and then decreased very slowly with further increase 
in Mach nuxxiber, 

(4 the elevator effectiveness, m,n, decreased rapidly as speed 
inoreased beyond M = 1.0. by M = 1.6, rnV had fallen to about a third 
of its subsonic value. 

(2) Agreement between the flight test results at 38,000 ft altitude end 
the results of rocket model, wing flow, and wind tunnel tests was generally 
satisfactory. 

(3) !i!he values of XIL/Ax, Hm and mxr+v obtained at 10,000 ft altitude were 
appreciably lower than the values obtained at 38,OOO ft. This differenoe 
can be explained by aero-elastic effects and by the possible effects of 
elevator oscillations small. enough to be within the resolution of the 
instrumentation recording elevator movement and therefore undetectable. 

(4) In view of the possibility of errors in the derivatives arising from 
an error in the estimated value of $, measurements of this quantity are 
required on the full scale aircraft. 

a 

G 
P 

t-3 = aooeleration due to gravity (32.2 ft/seo2) 

Hm 

LIST CIE' SYMBOLS 

= = lift curve slope atconstantMachnumberand 
,?-I oonstant elevator angle 

= inertia in roll 

= inertia in pitch 

= inertia in yaw 

= mean aerodynamic chord (16.75 ft) 

P* indic " ptrue = 

= manoeuvremarginstickfixed 
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IJST OF SYMl3OLs (Contd. ) 
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za 

= 

= 

E 

non-dimensional moment of inertia in pitch = inertia in pitch 
=2 w I? 

frequenoy = 9 

dimensionless frequency of short period oscillation = 8 3 

dimensionless frequency of short period oscillation, control 
fixed (see Appendix 2) 

restoring margin = “cm 
-acfl 

distance of normal aocelerometer ahead of C,G. (ft) 

steady rotary damping in pitch derivative = L 
pEd2 

“W pitching moment derivative due to w = - = ' Mm 
pvsz XT 

% pitching moment derivative due to & = - 
ps z2 

pitching moment derivative due to elevator angl.e for constant CL 
' 8% 

= p2ij- 

ful.1 rotary damping derivative = - %I 
psG2 

pitching moment derivative due to sideslip angle 

Mach number of aircraft 

excess normal acceleration (= load factor minus one) g unit3 

apparent excess normal acceleration registered by accelerometer 
displaced from C.G. 

v s* -- also static pressure 
63 n* 

periodic time (seconds) 



IJST OF SYMROLS (Contd.) 

(jigi,, = (is) corrected for instrument phase lag 

value of corrected for accelerometer being ahead of C.G. 

damping factor of rate of pitch oscillation = 
wage s> 

dt 

dmping factor of normal acceleration oscillation 

fving area of aircraft 

. 
aerodynamic t;Jne = - 

Q&v 

ft/sec 

tme airspeed ft/sec 

reduced frequency 
( > 

_ 27F c= 
VP also vertical velocity 

weight of airxsft (lb) 

angle of incidence of wing 

iF- 'qn 

phase angle by which q leads n (indicated value) 

9' qn 
corrected for instrument phase lag' 

phase angle by which q leads n 

angle by which phase lag of rate gyro exceeds that of normal 
accelerometer 

elevator angle 

W 

Q&tic= 

ambient air density (slug&t') 
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mmNDIX1 

t CJOREXECTION TO $DUE TO NORMAL AC--RR NOT BRING AT THFJ C.G. 

s Let 4 be the distance of the normal accelerometer ahead of the C.G. 
Then, using the notation of Ref.2, the indioated value of n is given by 

and 

q = q*e 
-w-to> 

sin[#(t-to) C gqnJ l 02) 

If we put A = g - $ gyI and assume A is small, we have after reduotion 

n. 
--w-t,) 

m3.ic E n* e sin B (t-to) 
* 

$+;$[A (-s+gcot #(t-t,)) - (9 +R cot $(bto)) 33 . (13) 

By differentiating this expression and ignoring terms involving A, it 
oan be shown that the peak values of n occur when 

(22t3) sin2$(t-to) = 
I t i$ 2 

. 

( > 
(5t2+g2) - 2g ;$ 

We am with sufficient accuracy neglect 5X2 in comparison with j2, and 
this then becomes 

sin#(t-to) = ?I -A-.- . 
@7 

Again ignoring term involving A and negleoting Je2 in comparison with g2, 
consecutive peaks of the curve (13) are 



Appendix I 

“I 
* -w,-toI 

= n e 
indic 

corresponding to t I = to+ -1 $ p3.n x 

n2 = n* e 
-+-to) 

indic 

corresponding to t2 = to -k g etc. 

Hence the ratio of' the indicated pe&s of n to the true pea& is 

n 

Using expression (14), the indicated values of q*/n" can be corrected 
for the effect of the accelerometer not being at the C.G. This expression is 
approximate and depends upon $4 
son to g2, 

qn being almost x/2, 92 being small in compari- 
and 4 small. 
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APPENDIX 2 

EETEOT OFEXEVATOR- 

In many cases it was found that some elevator motion occurred after the 
stick had returned to its trimmed position. This residual elevator motion 

. was usually oscillatory in nature (l?igs.6@), (c) and (a)). Analysis of a 
record such as Fig.6(d) resulted in curved plots of log q and log n versus 
time, the damping being lowest when the elevator motion was largest, As no 
variations in the amplitude ratio q*/n* and the period were apparent, only 
the derivate mg was affected by this elevator motion. A typical result at 
M= I.2 to I,5 at 40,000 ft was that -rnB was reduced by about 0.1 by the 
largest amount of elevator motion present. Necessarily approximate caloula- 
tions using the method of Ref.2 combined with estimated values of m 77' zv and 
mq confirm the sign and general magnitude of this change in rnp 

As a result of such findings only that part of each oscillation where 
the elevator motion was sensibly constant was analysed in presenting the 
results given in the main body of this report. However this does not of 

i course preclude the possibility of small elevator motions within the 
resolution of the instrumentation recording elevator movement being present 
and modifying the characteristics of the longitudinal oscillation. The 
possible order of these effects will now be discussed. L 

The largest amplitude of elevator motion that could occur withou2 being 
readily detected on the Hussenot trace is considered to be about 50,04. The 
amplitude of n varies from about tl.Og to about 2O.lg during the part of the 
oscillation that is usually analysed. 
ratio of ?-j*/n* of 0.0014 radian. 

Taking a mean value of 0.5g gives a 
From the elevator motion that can be 

detected, the angle $77n by which the elevator angle leads the normal accelera- 
tion is about -150' at 40,OCO ft and about 0" at 10,000 ft altitude, We will 
assume the same phase angles for the motion that is undetectable. By 
neglecting the effect of z rl and using the values of nsr given in Fig.15 we have2 

Altitude M orpl AR -Ama 2. 
J 

40,000 ft 0.7 -15oO 
0.9 

i%; 0.013 1.01 

0:073 
0.023 1.01 

1.0 0.027 1.01 
1.2 0.044 0,018 1.00 
1.6 0.042 0.017 I.00 

10,0ocl ft 0.7 0 0 0 0. PO 
1.0 0 0 0.92 
1.2 0 0 0.95 

In the above table, AR and An-13 are the corrections necessary to correct 
the results t_o elevator fixed conditions. The elevator fixed non-dimensional 
frequency is J, With the values of #W assumed it will be seen that the errors 
in ma are only 0.03 or less. As a and Hm are approximately proportional to J 
and mw to J2 , the errors in these derivatives, although small at 40,000 ft, 
become appreciable at 10,000 ft, Thus at 10,000 ft at M = I.0 the values of 
a and Hm may be too high by 8% and the value of -mw too high by 167% But this 
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Appendix2 

is of the opposite sign to the altitude effect shown by the flight test 
results, and leads one to suspect the values of #,.n assumed above. 

The value of $Vn measured at I+O,ooO ft was obtained from an osciQ,a- 
tion of several cycles, whereas that at 10,000 ft was obtained from only 
half a cycle and may therefore be considerably in error, If we assume that 

%n is the same at 10,000 ft as at 40,000 ft then the effect of elevator 
motion at 10,000 ft is as follows:- 

Altitude M $ AR -h4 
2 

m J 

10,000 ft 0.7 -1 5o” 0.400 0.10 1.20 
I.0 0.535 0.17 4.17 
I.2 0.3&3 0.11 1.10 

The errors in J are now of the right sign and approximately the right 
magnitude to explain the altitude effeot found in a, Hm and m+ The errors 
in m 8, although large, are not significant in relation to the experimental 
errors associated with the measurement of this derivative at low altitude. 

From the above discussion it would appear that 

(I) unlesstheresolution of the elevator trace is very high, large errors 
can result at low altitude from small undetected elevator oscillations, 

(2) the variations in m w, Hm and a with altitude found in the present 
series of tests could be largely explained by thg presence of sm&l 
undetectable elevator oscillations if qSm = -150 or thereabouts. 
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ENGINE GYROSCCPIC CCUP%IK 

i The lateral and longitudinal motions of an airoraft are coupled to scpne 
extent by engine gyroscopic effects. This results in a change in the 
frequency and damping of the longitudinal short period oscillation, and also 

t a distortion arising from a superimposed small amplitude oscillation of the 
same frequency as the lateral motion. 

The change in frequency and damping have been oalculated using the 
stability quartic (Ref.8) and the following results were obtained: 

Without With $ Error due to 
ooupling coupling gyroscopio coupling 

Altitude M 
P 52 P R $x 100 Y" x loo 

&o,ooo ft 0.80 I.955 o.aQ 1.91 w3o -2.3 -3.6 
0.93 1.42, a 995 1.42 0.986 -1.4 -0.9 
0.955 1.22 0.277 1.21 0.28-I -1.0 I.4 
1.0 1.105 0.725 1.099 0.722 -0.6 -0.4 
1.2 0.941 0.657 0.936 0.657 -0.5 0 

:*% . 0.825 0.7% 0.741 0.809 0.74-8 0.825 0.744 0.812 -0.3 0 0*4 0.4 
~o,ooo ft 0.80 1.32 0.754 1.33 0.786 -0.8 &I 

0.93 0.916 3e29 0.915 3.27 -0. I -0.6 
0.955 0.861 0.711 0.854 0.736 -0.8 3.4 
1.0 0.722 2.12 0.717 2.10 -0.7 -1.0 

The percentage error in period is seen to be generally quite small, and 
the effect of engine gyroscopic coupling is to make the measured values of a 
and Hm too high by up to 2% and that of -mw too high by up to 5% (see para. 6). 
The errora are a maximum at low speed and high altitude. 

The errors in R are negligible and result in errors in ma of 0.01 or less. 



Details of Fairey Delta 2, Serial No. WG.777 

Gross area 
Span 
Aspect ratio 
Nominal centreline ohord 
Tip ohord 
Mean aerodynamic chord 
Standard mean chord 
Wng section 
Leading edge sweepback 
Trailing edge sweepback 
Twist 
Dihedral 
Setting to fuselage datum 
C.G. datum position 

Elevators 
Spanwise limits inboard 

outboard 
Chord inboard 

outboard 
Net area (one elevator) 
Angular movement (measured 

Ailerons 
Spanwise 

Chord 

Net area 

limit inboard 
outboard 
inboard 
outboard 

(one aileron) 
Angular movement (measured chordwise) 

360 sq ft 
26 ft IO in. 

2.00 
25 f-t 0 in. 
+I ft 10 in. 

16.75 ft 
13 ft 5 in. 

J+$ symmetrical. Iikx.t/c at 
59.92' 

29.% o 

"0 0 
* Iso 

a&" forward of T.E. 

chordwise) 

Vertical tail 
Area (from 2&" above fuselage datum 
Height (from 24" above fuselage datum 

s Rudder 
Limits - lower above fuselage datum line 

upper t above fuselage datum line 
l Chord - root 

tip 
Net area 
Angular movement (chordwise) 

Fuselage 
Length (excluding pitot tube) 

2 ft 0.2 in. 
7 ft 6.0 in. 
4 ft 1.9 in. 
3 ft 2.6 in 
20.22 sq ft 
200 up 
33' down 

7 ft 6.0 in, 
13 Pt 5.0 in. 

3 ft 2.6 in, 
2 ft 2.5 in. 

16,01 sq ft 
2250 

37.4 sq ft 
5 ft 6 in 

o ft 6.0 in. 
5 ft 6.0 in. 
2 ft 7.9 in. 
o ftql.8 in. 
9.1 sq ft 

k22.j0 

45 ft approx. 
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TABLF 4 (Contd) 

Power plant 

Engine One Rolls Royce Avon RA28 with reheat and two 
position nozzle 

Rating Statio thrust at sea level 
Statio thrust at sea level with reheat 

Weight and C.G. 

9600 lb 
13,000 lb 

(As flown for tests described in this report.) 
All-up weight at take-off 13,840 lb 
Fuel oontents 306 galls 
C.G. position at take-off, u/c down 105.9 in. aft of datum 

or 163.9 in. aft of L.E. 
of &, chord 

Moment of inertia 

The moment of inertia in pitch has been estimated by the Fairey 
Aviation Co, The following values correspond to a C.G. position 
at 165.3 in. aft of the L.E. of the centreline ohord for undercarriage 
up* , 

Full fuel (13,800 lb A.U.W. 
No fuel (11,300 lb A.U.V. 

798,000 lb ft; 
646,000 lb ft ‘ 
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FIG.3 YARIATION OF C.G. POSITION WITH 
FUEL CONTENTS DURING A TYPICAL FLIGHT. 



l OE 

CP 
= Pmdic - I 

2 -:r” 0 

-. 0; 

-. 0 

-*Ot 

-01 

/ I 
\STh71t PRESSURE ERROR 

AT SEA -LEVE,L 
4 

,f4 I I 
EXTRAPOLATION DERIVED FROM 
WIND TUNNEL tESTS ON 

I Pi707 STATIC HEAD ALONE.- 

I/ ‘JP,707 

I 

P4ESl”RE ERROf/ AS 
DERIVED FROM WIND TUNNEL TESTS 
I I 

- MEASUREMENTS FROM 
ANERC 

)O 

3 P.E. TESTS. 

400 v, KNOTS ” 

I 
I 

I 
1 W = 12,600 lb. 

L 

FIG. 4. FAIREY DELTA 2 W.G.777 PRESSURE ERRORS AT SEA LEVEL. 
. &/ * . * . 



t  c 

SEA LEVEL rANEROld RESULTS 
_ EXTRAPOLATED TO 38,000 

-- 

ESULTS OBTAINED BY 
-BY TECHNIQUE (W&.774) 

1-6 

FIG Se COMPARISON OF STATIC PE. DATA AT 38,000FT. 



so- 
T%EC. 0’ 

to - IO- 

* 

P 

0" 

2- 

STICK I - 
STI CK 

/ POSITION 

- IO- 
3 O n 

I - r/q 

I*0 2.0 300 4.0 5*0 6-O 
TIME - SECONDS 

0 a M= 0-50 8 500’ 



F 0 
O/SEC. 

-5 

STICK 

t5 
& 
+I5 

+10 
0’ 

-I’ 

+Ic 
0” 

- IC 

=J 

4 

-2” 
c 

4 

3= 

POSITION 
QNS] If 

0’ c 

3 

II.l,l.l,I,I.I,I,r.lI 
I-O 2-O 3.0 4.0 54 

TIME - SECONL)S 

0 Mm 1804 12,000’ 

FIG .6(b).TIME HISTORY OF LONGITUDINAL 
SHORT PERIOD OSCILLATION. 



s- 

IO f 
7 

-5 - 
O/SEC. 

-10 
t 
L 

//STICK 
POSITION 

I-- 

l 2 4 5 
I I I 

13 
I I I 

16 

0 c M= 0*90 39,900FT. TIME -SECONDS 

FIG. 6@TlME HISTORY OF LONGITUDINAL SHORT 
PERIOD OSCILLATION. 

. 



-10 

-5 
P 

0 

+5 

-6 

-4 

-2 

0 

o* 

I I 1’ I 12 13 14 15 

TI ME - SECONDS 

w . M t Ia 43, 35,600 FT. 

FIG. 6(d).TlME HISTORY OF 
LONGITUDlNAL SHORT PERIOD OSCILLATION. 



2-5 

2-O 

PERIOC 

( SEc$ 

1.5 

\ 

I ALTITUDE 
0 l0,000 - I2$000 I 

+ I 
15,000 ; Iqow 

; 
zi,ooo 

, 
56,000-40,ood 

l 0 I-0 I* 2 I.4 M I*6 

FIG.7 PERIOD OF LONGITUDINAL OSCILLATIONS. ’ 

2-C 

DAMPING 

a 

I*5 



tot 

6C FULLY CORRECTED 
FOR lNSTRUMEN1 ERRORS 

FlG.9. PHASE ANGLE BY WHICH OSCILLATIC 
0 LEADS THAT OF n. 

38,000 ’ 
x 

--+i 

. . 
* 

. _ . 

++ 
++ y++ 

r--J-.- 

Al.7 ITUDE 
@ l0,000 - l2,000’ 
+ rs,ooo- r8,ooo’ 
* zi,ooo’ 
x 36,000-40,000’ 

--I---- 
FULLY CORRECTED 

FOR II\ISTR~MENY’ ERRORS 

J 

FIG. IO. AMPLITUDE RATI OF q, TO n. 



z 
0 a LL 
P w 
> 
5 n 
w CL 

W 
> 
CL 
3 
v 

I- 
LL 

L 
0 



? . r  

- -  

FIG. 12. ROTARY DAMPING DERIVATIVE m+ DERIVED FROM FLIGHT TESTS. 



o+ l x 

\ 
:, 

t: 

0 . 

0 
; 

4- . 

n . 

u . 

. 

0 . 

P . 

“p 

P . 

9 . 

w a 

5 
X 
lL 

x 
w 
F: tn 
Z 
a a 
a 
2 
W 

5 
3 

8 
z a 



Q 

8 
3 
E 

a 
x 

d 



FROM REF. 5. 

I I I 
/ HIGH SPEED WIND TUNNEL 
, TESTS. 

I 
( UNPUBLISHE b 

R;A.E. Dk+lA) 

l 6 -8 I*0 I-2 I-4 ,,,, l-6 

FIG. 15. VALUES OF mp DERIVED FROM FLIGHT 

MEASUREMENTS OF H, AND a 
3%~ . 



I 

MEASURED IN FLIGHT 
-- --- CORRECTED TO RI410 - 

AIRCRAFT CONOITIO%!b 

I*0 I*2 I*+ M 

FIG.16 .EFFECT OF AEROELASTICITY ON 
bC L 

THE DERIVATIVES bdt AND Hm. 



l ZC 

*IS 

-m? 

*lC 

-05 

C 

MEASURED IN FL&H1 

--- -- - CORRECTEb TO 
RIGID AIRCCRAFT 
CONDITIONS 

,/ 
qooo \ 



* f 4 

Hlr;H SPEED WIND 
TUNNEL TESTS (STATIC) 
WCL to-2 
bNPuSL. R.A.E. 

ROCKET MODEl. 

?i x j WIND TUNNEL 
TESTS. 1 

(UNPUBC. R.A.E. DATA) 

FIG.18 .COMPARISON OF VALUES OF 

FROM FLIGHT AND MODEL TESTS. 



0- \ ROCKET 

I ‘\ \ /I ,’ 

FlG.19. COMPARISON OF VALUES OF 
0% FROM FLIGHT AND MODEL TESTS. 



* , 

L 

-WINq FLOW TEST5 

HIGH S-i’EEb WIND TUNNEL 
TESTS (STATIC) (UNPUBLISHED I 

ROCKET MOOEL I I 
3.X 3’ WIND TUNNEL TESTS 

FLIC+It RESUILtS 
(3 8,000 FT> 

FIG.20 .COMPARlSON OF VALUES OF - mw. 
FROM FLIGHT AND MODEL TESTS. 



gj - 

- 

THEORY -WING ALONE fc?ECC 0 e I?\ I 

-9 I.0 I* I l-2 I*3 

THEORY-WlN4+BODY- 

4- SONIC THEORY- WING 
J I (REF. 121 

A\ONE 



. c , 9 . 

A0R.C. COP, No.639 
533.6.013.412 : 
533.6.013.417 : 

MEASUREMENTS IN FLIGHT OF Z-IS LONGITUDINAL STADILITY 533.6.053 
D!$XIV~ATIVES OF A SO0 DELTa WING AIRCRAFT (FAIRLY DELTA 2) Fairey z&no 2 
Andrews, D.R. April 1959. 

1.8.1.2.1 
Longitudinal short period oscillations have been excited 1.8.1.2.3 

in flight on the Fafrey T)@lce 2 aircraft by stick pulses, and 1.7.1.2 
the results analysed to give some of the longitudinal derivatives. 
Values of the derivatives mG , d GL/& , Hm and t$,, are presented for a 
Mach nuuber range up to M = 1.6 at 38,WQ ft altitude and M = 1.15 at 
10,000 ft altitude. Some values of m rl have also been derived. 

Comparison is made with wind tunnel, rocket model, and wing flow test 
results, and also with theoretscal estimates. 

A.R,C, C-P, No.639 
533.6.013.412 : 
$3.6.013.417 : 

MEAStJREhWiS IN FLIGHT OF THE LONGITUDINAL STABILITY 533.6.053 
DERIVATIVES OF A 60° PELTA WING AIRCRAFT (FAIRLY DELTA 2)FaircyDr;lLa 3 
Andrews, D.R. April 19% 

1.8.1.2.1 
Longitudinal short period oscillations have been excited 1.8.1.2.3 

in flight on the FaireyDoXta 2 aircraft by stick pulses, and 1.7.1.2 
the results analysed to give some of the longitudinal derivatives. 
Values of the derivatives ma , 3 CLfaa , $ and rj, are presented for a 
Mach number range up to M = 2.6 at 38,000 ft altitude and M = 1.15 at 
10,000 ft altitude. Some values of my have also been derived. 

Comparison is made with wind tunnel, rocket model, and wing flow test 
results, and also with theoretical estimates. 
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