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SUMMARY

Six component force tests at Mach numbers 1.4, 1.6, 1.8 and 2,0 have
been made on a 1/12th scale model of the Bristol Type 133 in the 8 ft tunnel
at Bedford. The results are analysed to give drag, longitudinal and lateral

stability data, and to show the effects of control movements, dive brakes, and
nacelle spillage.

Some comparisons are made with the results of earlier tests on a 1/36th
scale modcl.
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1 INTPODUCTION

The Bristol Type 188 is a twin-engined research aircraft of all-steel
construction, designed, to Specification E.R.13L, to fly at speeds up to
ilach 2,5 and altitudes up to 60,000 feet, though it will initially be limited
to Mach 2. A survey of constructional details end development is made
in Ref,1.

The tests reported here were made on a 1/12th scale model of the air-
craft in the 8 £t x 8 ft high speed wind tunnel at the Royal Aircraft
Establishment, Bedford. This model has also been tested at transonic speeds
in the 9 ft x 8 ft wind tunnel of the Aircraft Research Association Ltd<.

Low speed tests on a 1/10th scale model are reported in Ref.5

Five component (i.ee. normal force, pitching moment, side force, yawing
moment, and rolling moment) tests at transonic and supersonic speeds up to
ilach 2 have previously been made on a 1/36th scale model in the 3 ft x 3 ft
tunnel at R.A.E. Bedforak. This model had a distorted rear fuselage to allow
a single sting support system to be used. Tests on a larger model, supported
on a twin-sting system, and having a representative fuselage, were required
to provide more lateral stability data, to measure drag forces, and to make
more accurate measurements of the effectiveness of control surfaces. A test
was made with modifications to the fuselage, simulating the 1/%6th scale model,
to obtain a comparison between the results from the 3 ft x 3 ft tunnel and
those from the 8 ft x 8 ft tunnel. This demonstrated the effects of (a) the
rear fuselage distortion on the 3 £t x 3 £t tunnel model, and (b) the twin-
sting support system of the present model.

The tests described in this paper cover the Mach number range 1.4 to 2.0.
Tests covering the range 2.0 to 2.7 are reported in Part 2.

2 DESCRIPTION OF THE MODEL AND BALANCE

The general arrangement of the model and its twin-sting support system
is shown in Figs.1 and 2, The principal dimensions and other model data are
listed in Teble 1.

The model was made of steel with a high accuracy of finish, It was a
trus reproduction of the full-scale aircraft, except for small changes in the
shape of the engine nacelles, A small distortion of the nacelle tailpipes
was found to be necessary in order to accommodate the sting supports, and to
permit the estimation of the internal drag due to flow through the ducts.

The layout of a nacelle depicting this distortion is shown in Fig.5. It was
thought that constrictions inside the ducts (which could not be avoided on
the model) would limit the intake mass flows, and some minor changes in the
intake geometry were made in order to allow the intakes to run critically at
the intake design lach number (viz, il = 2.,1) with the smaller mass flows
expected in the tumnel.

The tailplane pivoted about an axis 37.5% of the root chord forward of
the trailing edge, the range of settings available was from +4° to =-14°
(relative to the nacelle centre lines) in 2° steps. The complete tailplane
and fin assembly could be removed and replaced by a blanking piece which
preserved the fuselage lines. Aileron and rudder settings could be varied
over the ranges -25° < £ < 0 and -5° < Z < 2.5° respectively, using inter-
changeable hinge plates.



The forward nacelle cowlings were interchangeable with cowlings having
spill vents (Fig.4) representing the fully-open position proposed for the
aircraft. In tests with the spill vents open, the flow through the rear
ducts was restricted by fitting throttling blocks to the stings at the duct
exits.

The arrangement of the air-brakes in the fully-open position is shown
in Fig.5; their position on the fuselage is shown in Fig.1. Other details
are included in Table 1,

To enable a comparison to be made between the rcsults on this twin-
sting model and those obtained on the 3 ft x 3 £t tunnel single-sting model
with a distorted rear fuselage, an alternative rear fuselage representative
of the distortion was used. For tests with this configuration, a dummy
central sting (not in contaot with the model) was fitted to the yoke of the
twin-sting support. This configuration is shown in Fig.6.

The strain-gauge balance system oonsisted of two four-component (viz,
normal foroce, side foroe, axial foroe, and pitching moment) balances, one
in each nacelle (sec Fig.3).* The eight apparent loads (i.e. loads
uncorrected for balance interactions) obtained from a set of readings were
reduced to the usual six components as follows. Normal force, pitching
moment, side foroe, and axial force, on the model were obtained by adding
corresponding loads on each balance, Yawing moment and rolling moment
were obtained by assuming them to be proportional to the differences in
axial foroe and normal force betwcen the two balances. The constants of
proportionality were evaluated in the course of calibration., The six
components thus formed were corrected for first order and second order
balance interactions, as determined from the calibration, using the method
of Ref.s.

The model was designed by the Aircraft Research Association Ltd., and
menufactured by Test Equipment (Models) Ltd.

3 DETATLS OF THE TESTS

The tests were made at Mach numbers 1.4, 1.6, 1.8 and 2.0. The
Reynolds number, based on the standard mean chord, was constant at 2.5 x 106.
The different configurations tested, and the ranges of inoidence end sideslip
angles covered, are listed in Tables 2 and 3 respectively.

A1l the results presented in the next section of this Report refer to
stebility axes with their origin at a point in the plane of the nacelle
centre lines, 3.75 in. aft of the leading edge of the inboard wing (ie.ee at
0.18 ¢). Incidence was measured with respect to the nacelle centre lines,*¥
The angles of incidence and sideslip are defined as in current aircraft
practice, (j.e., the tangent definition of incidence and the sine definition
of sideslip” are used). The incidence and sideslip angles were corrected
for sting and balance deflections,

* As this type of balance is not commonly used attention is drawn to the

faot that a closed mechanical loop was formed by the model, the stings and
balances and the rear yoke, and that slipping under load at the joints of

the loop resulted in some hysteresis in the indicated loads.

** The wing-nacelle angle is 2°.
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To accord with the practice of Bristol Aircraft Lid., the pitching
moment cocfficicnts quoted here arc bascd on the standard mean chord, and the
lateral stability derivatives are defincd as follows:i-

’ EEI acn acg
Yy = 2 3B By % 357 e = 3B ?

(B being in radians).

Axial force results were corrccted for base pressures at the balance
units and for the intcrnal drag of the nacelles!, Prior to the tumnel tests
the nacelles werce connceted to a high-pressure air supply and complete pitot
and static pressure surveys made for a range of mass flows. The nacelle
mass flow and the momentum flux at the mcasuring station were thus calibratcd
against the rcadings of one fixed pitot and one [ixed static tube in cach
half duet (sce Tige3). This calibration was uscd, together with the pitot
and static measurcments obtained in the wind tunncl tests, to calculate the
inturnal drage.

The mass flow measurements showcd that the ratio AO/AEN (where Ao is
the oross scotional arca of the stream tube which enters the duct and AEN

is the arca contained by the cowl lip) varied linearly with lMach number from
0,60 at I = 1.4 to 0.66 at ¥ = 2.0.

The deflections under load of the rudder and ailerons were calculated
using measured hinge stiffnesscs, and either measurcd® or estimated hingc
moments. For the rudder, the deflection was less than 1,0 of the control
setting and for the ailerons less than 27,  These delflcctions were ignored
in calculating the control pow.rs.

Estimates of the accuracy of the results showed toat the probable
errors in the force and moment cocfficients are as follows:i-

CL : *0,003 0,004 CL
CY i 0,002 *0,002 CY
CD ¢ *0.004 *0.007 CD
Cm : *0,0005 *0,C03 Cm
Cg : *0,0C07 *0.COL C&
Cn : *0.00Q07 *0,007 Cn

The first term in cach cxpression for the crror is due to balance hystercsis
and other resolution errors. The second term is based on estimates of' the
accuracy of thc balance calibration. 4n additional error in the absolute

valuc of the drag coefficient may exist, duc to inaccuracies in the calcula-

tion of the internal drag of the ducts. This error is cstimated to be smaller

than £0,003.

The random crrors in angles of incidence and sideslip are less than
0.01°; however, local deviations of the air flow may have been as large as
0.20°,



In order to fix the position of boundary layer transition, the
following roughness bands were paintcd on the model, using a mixture of
grade 100 carborundum (i.c. particles about 0,008" in size) in aluminium
paint:-

Fuselage: 3" band, commencing 1" from nose.

Wings: from 23% to 73% chord.

Aileron horns: 4% band commencing %" from leading edge.

Fin: %" band commencing at leading edge.

Tailplane: 3" band commencing 3" from leading edge.

Nacelle cowls: 2" band commencing %" from lip.

Nacelle centre bodies: <" band commencing =" from apex.

b PRESENTATION AND DISCUSSION OF THE RESULTS

The results of the tests are presented graphically in the accompanying
figures. Tables of results have been omitted in order to limit the size
of this Report but the numerical data are stored at R.A.E., Bedford and are
available on request.,

b1 Longitudinal stability

Plots of those results pertaining to longitudinal stability are
presented in Figs.7 to 16. The curves of C; against o (Figs.7 to 10) and

Cm against GL (Fige11) require little comment. The variation of 1lift
coefficient with incidence is linear up to CL = 0,5; at higher lift

coefficients there are gradual decreases in slope., There are small
decreases in (acn/aa)a_o with inoreasing negative tail setting (Fige12).

Except between M = 1.4 and 1.6 there is little variation of (3C_/aC;) C. =0
L=

with Mach number (Fig.13), but as is shown in Fig.14 there are significant
decreases in static stability margin with increasing 1lift coefficient at
all Mach numbers. These decreases in stability are due to losses in tail
effectiveness,

The variation of tailplane power (i.e. acm/an at constant incidences)

with incidence is shown in Fig.15, where the mcasured values are compared
with theoretical cstimates based on the charts of Ref. g, Theoretical
values do not take into account effects due to other components of the model
and the disorepancics between the measured and the theoretical values are due,
at least partially, to changes in dynamic pressure at the tailplane, ocaused
by the shock system ahead of the tailplanec.

The measured tailplanc powers were used in conjunction with the
measured variations in pitching moment with incidence to calculate the
effective downwash at the tailplane,. This is plotted in Fig.16. Schlieren
photographs (Figs.17-20) illustrate the shock system on the model at each
Mach number. These indicate the complex nature of the flow in the neighbour-
hood of the tailplane which may account for the observed non-linearitics in
downwash,



To assist discussion of the lateral stability in section 4.2 ‘and to give
some idea of the requirements of the full-scale aircraft, graphs of the
trimmed flight incidence and tail setting for a rigid aircraft are presented
in Figs.21 and 22 respectively. 1t has been assumed that the aircraft weight
is 32,000 1b, and that the centre of gravity coincides with the model moment
reference point,.

Le2 Lateral stability

Typical plots of the variations of the lateral coefficicnts Cy’ Cn and C,

with angle of sideslip are presented in Figs.23 to 25, and the variations with
incidence of the derivatives y_, n_ and ¢ are shown in Figs.26 to 28.

An unusual feature of these results is the increasc in dircctional
stability for the'complete aircraft!configurations at constant tail setting
with inecreasing incidence up to approximately 6°; above 6° incidence n,

dcereases, (Fig.27). Comparison of the 'complete aircraft! valucs of n, with

those for the 'fin and tail off'' case shows that these variations of
directional stability with incidence are due mainly to changces in the empennage
effectivencss. At ell incidences the empennage cffectiveness decreases with
increasing negative tail setting, with the result that there is a much more
pronounced loss of n, with increasing incidence for the trimmed configuration

than for the constant tail setting cases, (Fig.29).

13‘03 Drag

Drag polars for the three tailplane settings tested, viz. -ho, -100,
-14°%, and for the tailplane and fin-off case are shown in Figs.30 to 33.
Parabolae of the form Cp = Cy + K (c.-cC. )2, where A is the aspect ratio
o mA L Lo
of the wing, have been fitted to these curves up to a 1lift cocfficient of 0,5,
(above this value the polars ccase 1o be parabolic). The variations with

Mach number of the rcsulting values of minimum drag cocfficiunt, CD ,» and of
0

induced drag factor, K, are plotted in Figs.3k and 35 respectivcely.  The 1lift
coefficient at minimum drag, C. , does not appear to vary with lMach number,
Lo

and the values obtained by fitting the parabolae arc as follows:i-

O | _4a° | _4,0 |Tailplane and
n b 10 b fin off
CL 0,015 0,003 | © 0.023
0

L, Effect of thec rudder

Rudder power (Figs.36 and 37) was dctermined from & comparison of
results with nominal rudder settings of O, and -5°, for a tailplane setting
of ~4°. The rolling moment derivative due to rudder 'E;’ was too small to

be measured. The plotted values of -né and Yy refer to zcro angle of side=-

s51ip; the variations with sideslip angle were found to be negligible,



Rudder deflections had no significant effect on stability derivatives,
and a comparison of the results from an additional test with a rudder setting
of =2.5° and a tailplane setting of =-14° with those for a tailplane setting
of -4° indicated thet rudder power was not measurably affected by tail
setting.,

L.5 Effect of ailerons

Tests to determine the effects of aileron movement were made with
eileron settings 0, =109, and =-20°,* at a tail setting of =4°., The measured
values of aileron power at zero sideslip are shown in Figs.38 and 39. The
rate of change of rolling moment with aileron angle was found to be indepen-~
dent of aileron setting, and sideslip angle, within the test range; (ive
for O € & € 20° and -6° < B < 6°),

Movement of the ailerons produces significant side forces and yawing
moments, which vary with incidence. These are plotted in Figs.40 and 41
respectivelys Also shown in Figs.40 and 41 are the aileron induced side
forces and yawing moments measured by Sutton, Hutton and Squire10 in tests
in the 3 ft x 3 ft tunnel at R.A.E. Bedford. They used a model with
Type 188 wings and nacelles mounted on an ogive cylinder body without a
fin. The results quoted were obtained with an aileron setting of -10° at
Mach numbers 1.42 and 1,82, A comparison of the results of the two sets
of tests suggests that the side force and yawing moment at zero incidence
are due mainly to an induced sidewash at the fin, while the major part of
the variation with incidence is due to other causes, such as differential
aileron drag ard cross-flows on the wings. The rudder angles needed to
correct the yawing moment induced by -20° aileron movement at Mach numbers
1.4 and 2,0 have been estimated and are plotted against incidence in Fig.42.

The tests also showed that, except at M = 1.4, large aileron angles
resulted in appreciable losses in n_, but only small losses in Yy (Figs.h3
and 44). Other derivatives were found to be virtually unaffected by
ailerons.,

L.6 Effect of air-brakes

Results of the tests with fully-open air~brakes werec compared with
those for the clean aircraft configuration with a tailplane setting of -4°,

The effect of the air~brakes on minimum drag coefficient is shown in
Figel5 and the effect on induced drag factor in Fig,46. Unlike the clean
aircraft case, values of 1ift coefficient at minimum drag were not the same
for each Mach number. Values obtained are as follows:

M 1.4 1.6 1.8 2.0
C 0,015 0,020 0.025 0.03%0

With the air-brakes extended there were significant reductions in
longitudinal stebility (Fig.47), and lateral stability (Fig.i8).

* g = ~10° means port aileron 10° down starboard aileron 10° up.

- 10 -



4,7 Elfect of spill vents

Tests were made with the nacelle spill=-vents fully open and each
nacelle exit mass flow reduced by about 50%. With the exception of drag,
the results were compared with those for the clean aircraft (tallplanc
setting -4°). No significant effect of spill-vents was observed., Since
the internal drag of the ducts with spill vents open could not be calculated,
it was not possible to determine the change in drag due to opening the spill
vents.

5 MODEL COMPARISON TESTS

In this section a comparison is made between results obtained on three
configurations:-

(a) the clean configuration tested in the 8 £t x 8 £t tumnel, (i.e. twin-
sting support and undistorted fuselage);

(b)  the model tested in the 3 ft x 3 ft tunnc1t (i.e. a 1/36th scale single
sting model with a distorted recar fusclage);

(¢) the 8 £t x 8 ft tunnecl model fitted with a distorted rear fuselage
and a dummy rear sting.

The object of this comparison is to examine the interference effects of

El) the twin-sting support system used in the present tests ((b) and (o)) and

ii) the enlarged rear fuselage of the 3 £t x 3 ft tunnel model ((a) and (c)).
The testg on (b) in the 3 £t x 3 gt tunnel were made at a Reynolds number of
142 x 10°, compared with 2,5 x 10° for (a) and (c) in the 8 £t x 8 ft tunnel.
As the 3 ft x 3 £t tunnel tests did not include measurements of axial force,
normal force coefficients instead of 1lif't coefficients are used in this
comparison.

Considering firstly the lateral stability, comparlsons of the derivatives
Yy and n for the three configurations are shown in Figs,49 and 50.*  The
ﬂ = - #o results show that the twin-sting support has little effect on the
lateral derivatives, but the rear fuselage distortion increases both Y, and n,
considerably,

Since the twin-sting support has only a small effect on Y and n, the

fin off values for configuration (c¢) will be close to those measured for
configuration (b). Thus the fin-off comparison between (a) and (b) suggests
that only a small part of the increased stability of configurations (b) and
(c) is due to a side force on the enlarged rear fuselage, the major part being
due to an increase in fin effectiveness.

The analysis of the effects of the changes in configuration on longi-
tudinal stability is not so conclusive as that for lateral stability. This
is due to the absence of results for configuration (c) with tail settings
different from =4° and, in partlcular, to the absence of tail off results,
A comparison of the avallable data, in the form of plots of pitching moment
against normal force at constant ilach number, is shown in Fig.,51. It can be
seen that, for the tail and fin off cases, configuration (b) is slightly more
stable than (a); and that, with the tail and fin on, there is very little
difference between the three configurations for m = -4%, whereas, for m = -10°,

“  Configuration (b) was not tested at M = 1.4 At M = 1,8 (m = -4°) and
146, 1.8 and 2.0 (tailplane and fin off) lateral tests were made for
0 only.

=
nou



(bg is slightly less stable than (a2). A more sensitive comparison between
(a) and (b) is given by the plots of downwash at the tailplane position in
Fige52 and of tailplane power in Fig.53.

It is probable that the small differences between (a) and (b) tail off
are due to the fuselage distortion and not the sting support. The differences .
in stability with the tail on are due to the change in tailplane power.
It does not appear possible, from the evidence available, to decide whether
the 10% greater tail effectiveness of the larger model is caused by the rear .
fuselage or the twin supports; however the results of the tests of Ref.2
at M = 1.3 suggest that the rear fusleage distortion does decrease the tail
effectiveness by roughly this amount.

6 CONCLUSIONS

The tests over the Yach number range 1.4 to 2,0 have shown that, in
general, with the moment reference point of the model at 0.18¢ :~

(1) Longitudinal stability decreases with increasing incidence for 1ift
coefficients greater than 0.2 approximately.

(2) The directional stability of the trimmed model decreases with
increasing incidence, for incidences above 30.

(3) Both longitudinal and lateral stability are decreased by extension of
the air-brakes.

(4) . Adleron movement results in significant variations of yawing moment
and side force with incidence, and, at the higher liach numbers,large move-
ments of the ailerons cause a decrease in directional stability.

(5) DNacelle spillage does not have any significant effect on stability.
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A wing aspect ratio

b wing span

c standard mean chord
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q free stream dynamic pressure
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Sy drag coefficient = drag force /q8S
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TaBLE 1

Principal details of the model

Scale: 1/12th

Wing:=-
Area S (gross):-

Span b

Aspect ratio A

Standard mean chord c
Aerodynamic mean chord G

Distance of leading edge of ¢ aft of leading
edge of inboard wing

Dihedral
Wing-body angle

Sweep back of leading edge:

Inboard of nacelles
OQutboard of nacelles
Aileron horn

Sweep forward of trailing edge

Section (excluding ailcron horns):
Biconvex, circular arc, with sharp leading
edge; t/c = 4So; maximum thickness at
555 on inboard wing, and %1% outboard

Section (aileron horns):faired from above
to 8% RAE 104 at tip.

Gap between wing and sileron horn

Fuselage:- Length

Fin:-
Area

Sweepback of leading edge

Section:

hodified RAE 104 with constant maximum
thickness. &4 t/c at tip chord

2,75 £t
2,924 ft
3,108

0.9 £1

1.025 £t

0,143 £t

0
0

0,008 in.

5.917 £t

0.528 ft2

O

6l



TABLE 4 (CONTD,)

Tailplane:-
Ares 0.484 ft2
Span 1.292 £t
Aspect ratio 3.4
Root chord 0.50 %
Tip chord 0.25 £t
Section: 43 circular arc
Height of tailplane pivot above nacelle
datum lines 0.682 ft
Nacelles:-
Distance outboard of fuselage
centre line 0,625 ft
Alr-brakes:-
Forward brakes: gross area 2,03 in2
open area 0,89 in2
Aft brakes: gross area 3,05 in2
open area 0.79 in2

- 16 -



TABLE 2

List of configurations tested

Test range®
1 | Clean aircraft tailplane - 4° A
2 " " " -1 OO A
3 " " " - )+O B
L " " tailplene and f£in off A
5 lailerons -10° tailplane - 40 C
6 " __200 1" - 14_0 I
7 |Rudder  =2.5° " - 4° ¢
8| " -2,5° " -14° C
9 " _5.00 " - L,_o C
10 | Air-brakes extended " -4 c
11 | 8pill vonts open " - AO C
12 | Distorted rear fuselage " - ho A
i _
*» Gee Table 3
TABLE 3
Model attiitude ranges
Incidence®* Sideslip* (degrees)
(degrees) Range A Runge B Range C
-l 0,2 0,%2 0
-2 C,*2 0,2 0
0 C, 1,42, 2h,+6 | 0,41 22,4 36 | 0,22,%4,%6
2 0,2 0,2 0
4 0,41,%2,%), k6 | O,24,+2 %), %6 | 0,%2,),+6
6 0,%2 C,*2 0
8 0,#1,%2, 54,26 | 0,%1,%2,%, ,+6 | O,12,%4,%6
10 0,2 0,2 0
12 0,2 0,%2 0
14 0 o] 0
16 0,2
18 0
20 0,2
* Nominal settings

-17 -
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THE MODEL IN THE WIND TUNNEL

FIG.2.
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SUMMARY
Six componcnt force measurcments have been made on 2l /12th scale model
of the Bristol Typc 183 in the 8 £t x 8 £t wind tunncl at ReA.0., Bedford, at
iiach numbers of 2,00, 2420, 2440, ond 2470, The resulbs of thesc measurements
are presentud craphically, with an analysis of the offccis of tailplanc move-
ment, aileron and ruddcr controls, and airbrakes on lonzitudinal and lateral

stability, and droge.
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1 INTRODUCTION

This paper describes further tests in the 8 £t x 8 £t high speed wind
tunnel at R.A.E., Bedford, on a 1/12th scale model of the Bristol Type 188.
Part 1 of this paper1 described tests and presented results for lach numbers
of 1440, 1460, 180 and 2.00. In the prescnt series the tests are continued
to liach numbers of 2,20, 2,40 and 2.70. The tests were also repeated at a
Mach number of 2,00 to provide continuity with the earlier tests: the results
for this repeat case agreed with thosc of Part 1 within the limits of the
experimental errors. In general the programme of tests was the same as that
for the earlier tests, though same changes were made as o consequence of
results obtained at the lower Mach numbers, (these changes are detailed in
Section 3 below).

The principal references to other wind tunncl tests on models of the
Bristol Type 188, already mentioned in Part 1, are included in the 1list of
refercnces appended to this report2’3,4.

2 THE MODEL

The model has becn fully described in Part 4 1. The general arrangement
is shown here in Fige1 and a photograph of the model mounted in the wind
tunnel in FPige2. The principal dimensions of the model with other essential
model details are listed in Table 1.

For the purpose of the present scrics of tests, the balance was com-
pletely rcecalibrated. Six~component forcc mcasurcments were derived from the
two four-component balances mounted in the nacelles! and were fully corrccted
for balance interactions.

3 DETATLS OF THE TESTS

The tests were made in the 8 £t x 8 £t high speced wind tunnel at R.AE.,
Bedford, at Mach numbcrs of 2,00, 2420, 2.40 and 2.70. The Reyno%ds number,
based on standard mean chord, was maintained constant at 2.5 x 10°, except at
M = 2,70 where tunncl power limited the Reynolds number to 2.1 x 10~.

The configurations of the modcl tested arc listed in Table 2, This
list is not identical to that of Part 11. Tests with open spill vents were
not continued since the spill vents werc found to have negligible effects:
likewise a test with a rudder setting of -2,5° and a tailplane setting of
~14° was not mede, since rudder power was found not to be significantl
affected by tailplanc setting. Some additions to the programme werc also
thought desirable. These included a test with the fin on and the tailplane
removed, to investigate the contribution of the teilplanc to the fin
effectiveness. A test with the ailerons defleccted and the tailplane and fin
of £ was made to assist annlysis of the side forces and yowing moments induced
by aileron movement. Finally, a test with airbrakes open and o tailplane
setting of ~ 10° was included to cxamine possible cffects of the airbrakes
on taillplanc power.

The results refer to stability axes with their origin (i.c. moment
reference point) at 16% of the standard mean chord, in the plane of the
nacelle centre lines. Incidences measured werc those of the nacelle centre
lines, (the wing-nacelle angle was +2°), Angles of incidencc and sideslip
were computed using the tangent and sine definitions respectively and were
ocorrected for balance and sting deflections. Pitching moment coefficients
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have been based on the wing standard mean chord: forcc measurements were
corrected for the differcnce between free—stream static pressure and the
pressure at the balance axial force units. Allowance was also made for
the internal drag of the nacelle ducts.

The mass flow through each nacclle was calculated, using pitot and
static pressure measurements near the exit, and cxpressed as the cross-
sectional area (A ) of a frec~stream tube. This arca, in terms of the
area enclosed by Phe cowl 1lip of each nacelle, AE&’ is plotted in Fig.3.

[

Two cases are shown, for angles of incidence of zcero and 14 : the zero
incidence case is compared with the calculated moximum intake mass—flow,
The fact that the ratio AO/AEN exceeds unity for thce zero incidence case

is due to errors in the determination of the effective mass flow area at
each duct exit measuring station. Fige3 shows that moximum mass flow at
zero incidence is reached at a Mach number of about 2.40. (This con~
clusion can be roughly verified by comparison of the plan view schliercn
photographs in Figse1ll4 to 17, from which it appcors that the shock waves
from the intake centre bodies lie Just within the cowl lips at M = 2440,
though the presence of the shock waves fram the canopy of the model
introduces a complication.)

The position of boundary-layer transition on the wind-swept surfaces
of the model was fixed using distributcd roughness bands. These were
formed by sprinkling grade 100 carborundum particles on to an araldite
base: the approximate maximum projection hcight of the particles above
the model surface was 0,008 in. The locetions and widths of thesc bands
are included in the model details of Table 1., The cffcctiveness of the
roughness bands in fixing transition on the wings was verified at i = 2.70
and zero incidence and sideglip using thc azobenzene technique.

Probablce crrors in the cocfficients derived from the balance measurc-—
ments were estimatced to be as follows:-

H + O + O J o
CL : + 0.003 000!, bL
. + ‘ +
CY : * 0,002 * 0,002 CY

04007 % 0,007 CD

&

Cm * 00,0005 % 0,003 Cm
C& : + 0,0007 £ 0,004 C&
+ +
Cn * 0.0007 * 0.007 Cn

The first term in cach error includes zcro crrors, rcsolution crrors,
balance hystceresis errors, and, in the case of drag, uncertainty in the
correction for the internal drag of the cngine nacelles. The sccond
term in each error is based on balancc calibration crrors.

Angles of incidcnce and sideslip arce accuratc to * 0.01° in
resolution, but tunncl flgw deflcctions at the position of the model may
have been as large as 0.2 . Control plate deflecctions under load were
less than 1% of the nominal sctting for the rudder and 24 of the nominal
» sctting for the ailerons.
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L TRESENTATION AND DISCUSSION OF TIE RESULTS

Results of thc tests are presented graphically in Figsel to 5She
Included in the results are somc cstimates of flight conditions for the
full~-scale aircraft, based on the assumption that the aireraft does not
suffer any acroclastic distortions.

4e1 Lift and pitching moment

The model was tested with tailplanc scttings of -40, -10° and -14°,

relative to the nacelle centre-lines. Tests were also made with the tailplanc
and fin off, and, except at M = 2,00, with the tailplenc off and the fin on.
Differences in 1lift, pitching moment and drag between the latter two configur-
ations werce small and so only the results for the tailplane and fin off case
have been plotted. The results for the tailplane of f and fin on configuration
have been used in the analysis to calculate downwash angles, (cxcept at

M = 2.00 wherc the tailplane and fin off results have had to be used).

Lift coefficicnts are plotted against incidence in Figs.4 to 7 and
pitching moment coefficicnts against 1ift cocfficiont in Fige8. Lift-curve
slopes arc shown in Fige9 (mcan values for the complcte model have becn plotted
since the variation with tail sctting was very small), and longitudinal
stobility slopes as functions of linch number and 1ift cocfficient are plotted
in Figs.10 and 11 rcspectively. Tallplane power was calculated as the c%ango
in pitching moment, per degree, between tailplance sctting of -4° and =14 and
values are plotted against incidence in Fige12,.

Fige11 shows a pronounced stability "peak® at M = 270 and a 1lift coeffi-
cient of about Oe4. This peak falls off as the tailplane angle becomes more
negative, while, in the tailplane and fin off casc (Pig.11(d)), there is a small
but significant stability maximum undcr the same conditions. Since there is a
small, corrcsponding increase in CL for these configurations (Figs.l4 to 7)

this implies an increasc in tailplanc 1ift with a small contribution from the
rear fuselage.

Downwash angles at the position of the tailplanc have becn estimated
from the absolute values of the pitching moments produced by the taglplmme and
are plotted in Figs13. Betwecn model incidences of approximately 4 (CLa 0.2)

and 12° (CL 2 0,5), there are rapid variations in mcon downwash angle at

M = 2,70, which correspond to the stobility changes. Smaller, similar cffeots
arc observed at I = 2,40 and I = 2620,

The large variations in dowmwash arc due to the change in position of the
wing trailing edge shock wave relative to the tailplane of the model as
incidence varies. From the schlieren photographs of Figs.17 and 18 and the
explanatory diagram of Fige19, it is cvident that the wing trailing edge shock
wave at M = 270 must lic cither bchind the tailplanc or across it at low
incidences, and move towards the lcading cdge of the tallplane as incidence
increases. Thus, at low incidences, the tailplane is in the flow field of the
upper surfece of the wing with associated large flow angles, but, at higher
incidences, it is in the wing wakce with much smaller flow angles. Thus the
fall in dovmwash angle, most pronocunced at M = 2,70, is duc to the movement of
the tailplane out of the wing pressurc f£icld into the wing wake. This effect
falls off rapidly with decrcasing Mach number, It would appear that the wing
trailing edge shock wave lics upstrcam of the tailplane at incidences greater
than those corresponding to the minima of the dovmwash curves in Fige13.

The slopcs of plots of pitching moment due to the tailplane against
tailplane setting, at M = 2,70, were found to vary by up to 20% dbout thc mean
values over the range -4 2> m > -14 plotted in Fig,12, This variation is
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caused by the changes in downwash which can be expected over the region
through which the tailplane sweceps when tailplane setting is varied at
constent model incidence. This effect, together with that due to the
change in model incidencc (up to about 1.5°) requircd to keep CL constant,

explains ?he large variations in the longitudinal stability of the model
at zero lift for different tail scttings at constont Iach number (Fig.10).

Figs.20 and 21 show trimmed 1ift curves and tailplane settings to
trim respectively. Sincc the moment refercnce point of the model was
chosen to coincide with the estimated centre of gravity of the full-scale
aircraft, these curves apply to the aircraft as well as to the model.
Estimates of the tailplane setting required and the aircraft incidence under
a few f1ight conditions have been made, assuming an aircraft weight of
32,000 1b. These estimates are plotted in Figs.22 and 23 respectively.

Le2 Lateral coefficients

Typical plots of the lateral coecfficicnts CY’

angle of sideslip are shown in Figse.24 to 26. The variations of the
lateral derivatives nos V., and €v, based on the changes in Cn, Cy: C&

between B = +2° and B = -20, are shown against incidence in Figs.Z27 to
30. In thesc figures the cffccts of varying tailplane setting and the
contributions to the lateral derivatives of the fin and tailplane are
campared.

Cn and C& against

Fige27 shows an increcase in n. for the camplete model up to an

incidence in the region of 6° $o 80, except at M = 2,70, Since there is
a decrease in B, above about 2~ incidence for thce tailplanc off, fin on

configuration, (i.c. a loss of fin effcctivencss with the tailplane absent),
it is apparcnt that the incrcase for the completec model is due to the
influence of the tailplanc on fin effectiveness. At zcro incidence the
contribution of the tailplanc to fin effectivencss is very small or
negative, but this cont.ibution increases with incrcasing incidence. The
tailplane effect is the result of two influences, viz the rcflection plate
effect of the toilplanc on top of the fin, and the variation in dynamic
pressure with incidencc over part of the fin due to the tailplane 1if't.
The latter effcct is sensitive to downwash: both effects dccrease with
increasing iMach number since the region of the fin influcnced by the tail-
planc decreases, (this would explain why n_ does not increasc with
incidencc ot M = 2.70). n_ is decrcased by increasing negative tail set-

ting, probably due mainly to the variation in dynamic pressurc.

The loss of fin effectivencss in the absence of the tailplanc cbove
about 2° incidence, and, with the exception of i = 2.70, with the tailplane
present above about 8%°"is probably due to the destobilising cffcct of
vortices from the fuselagec. (These vortices arc visible in Figsei4 to 18.)
The results for tailplane setting —149 at M = 2,40 and 2,70 indicate,
however, that this loss of fin effectivcness is only partial at these Mach
nugbers, in fact at M = 2.70 there is a further increase in n_ above about
12" incidence. This latter cffeect is wmost probably a further conscquence
of the wing downwash field discussed in Scction k1. (Comparing Figs.13
and 27, it will be noted that the downwash minimum at o = 12° and ki = 270
corrcsponds to the minimum of n for tailplanc setting -14 o)

The wariation of n. with incidencc for the trimmed configuration is
shown in Fig.28. As a result of the loss of n with increasing necgative

tail-setting, 0, shows no incrcase with incidence: in fact, there is a
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loss of n, with increasing incidence over the whole range shown. Some full-

scale flight estimates arc included in this figure.

The variations of y  and £ (Pigse29 and 30) show that, in both cases,

there is a loss of fin effectivencss with the tailplane removed above about
2~ incidence. As in the case of n_, this loss is alleviated by the presence

of the tailplane. The results for ﬂv show that, although the contribution

of the fin and tallplane beconmes zero at about 12° incidcnce, the complete
modcl remains stoble in roll as a result of the increase with incidence in
the roll stobility of the rest of the modcl.

)+o 3 Dr&g

Variations of drag coefficicnt with 1ift cocfficient for the model with
various tnil settings and with the tailplone and f'in off are shown in Figs. 31
to 34. These results have becn analyscd by assuming the curves to be of the
form:

where Ch is the minimum dreg cocfficient, Cr ig the value of the 1ift
0 0

cocfficient at which CD = CD , A is the aspect ratio of the wing, and K is a

o

constant, the induccd drag factor.

The applicability of this equation is illustrated in Fige.3b where CD is
o)
L~ O )© for onc configuration. G, was found to be a
)
linear function of (CL - Cp, )2 up to a 1ift coefficient of approximatcely 0.5
o

plotted against (C

for all Mach numbers.

0. was found to vary little with Mach number for each configuration.

L
o
The mean values of CL are given in the following toble:
o
Tailplenc sctti -3° -10° 1,0 | Tedlplanc and
P e b 10 1% fin off
CI ~0e00L ~0.,009 ~-0.0M +04006
o

Values of C and K are plotted in Figse36 and 37 respectively. Taile-
o]

plane setting was found to have no significant effcct on induced drag factor:
conscquently the mean valucs have been plotted in Tige37e

It should be noted in connection with the drag results that the
probable experimental errors were large, being > 0.007. Of this error * 0,003
is ascribed to uncertainty in the correction for the internal drag of the



ducts which is a constant error for the whole series of tests, and exoept
for a small allowance for scatter, the rest of the error is uncertainty
due to balance hysteresis. Neither of these two sources of error affect
the induced drag factors measured, and, while both apply to CD , only the
o
hysteresis and scatter error, i.e., *0,004, will apply to the differences
between the CD curves for different configurations. In Fig.36 results
0
from Ref.1 are included and ‘'trend lines' have been drawn through the mean
values from Ref.1 and the present tests at M = 2,00, and parallel to lines
through the experimental points at Mach numbers above and below 2.00. This
is thought to be the most suitable method of presenting the measured values
of CD but the difference at M = 2 between the two scts of tests illustrates
)

the poor accuracy of absolute drag obtainable on this model.

4.4 Effect of the rudder

The model was tested wigh rudder settings of O, -2.5° and —50, at a
fixed tailplane sett%ng of ~4~, Results for the configuration with a
rudder setting of -5 were not obtained for M = 2,20.

Fige.38 shows the variation of yawing moment due to rudder for
several angles of incidence of the model. This shows that rudder power
varies with rudder setting for most angles of incidence: mean values of
rudder power, i.e. the change in yawing moment per degree for a rudder
movement of =5, are plotted against incidence in Fig.39.

Side forces due to ru%der movement were found to be small, correspond-
ing in magnitude for the -5 rudder case 10 a change in.sideslip angle of
the model of approximately 0.5%.

4.5 Effect of the ailerons

The model was tested with aileron settings of O, -100, and -20° at a
constant tailplane setting of -4°. Results for the case of aileron setting
-10° were not obtained for M = 2.,20. The model was also tested with an
aileron setting of -20° and the tailplane and fin removed.

Fig.40 shows the variation of rolling moment due to aileron with
aileron setting for angles of incidence of O and 12°, The variations shown
are non-linear, but with no consistent trends. There is cvidently very
little variation of aileron power with model incidence: +this is shown in
Fig.1, where &E has been calculated from the changes in rolling moment

produced by -20° aileron movement.

Associated with aileron movement are large variations of side force
and yawing moment with incidence. These are plotted in Figs.42 and 43,
where the side force and yawing moment changes induced by -20° ailerons
are shown, with and without the tailplane and fin present. For the tail-
plane and fin off case, the variations of CY and Cn with incidence most

likely have independent explanations. The side force can probably be
ascribed to sidewash on the wing and nacelle surfaces induced by the
pressure difference across the gaps betwcen the aileron horns and the wings,
while the yawing moment variations are due mainly to the differential drag
of the two ailsrons when the wing is at incidence, The latter explanation
is supported by the fact that the induced yawing moments are zero at about
~19 of incidence, which almost coincides with thc attitude for zero wing
incidence, viz -2° incidence, when the two allerons should each have nearly
the same drag.
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The aileron-induced sidewashes produce an effect on the tailplane and
fin which is approximately constant with incidence. This is surprising in
view of the fact that the sidewash on the wing varies with incidence: it
moy be fortuitous in that, as incidence increases, the fin is moving out of
the region influenced by the ailerons and that the reduction of side force
expected for this reason cancels the increase due to the increase of side-
wash with incidence. As Mach number increases, so the fin again moves out
of the rcgion of influence of the ailerons and the reduction in side force
and yawing moment produced by the fin due to this cause is observed in the
figures.

Aileron movement also results in significant changes in the lateral
derivatives Ny Vo and 6v, (Figseld to 46). The variations of n, with

incidence (Fig.h#) show & reversal of the effect of ailerons with increasing
Mach number: at M = 2,00 aileron movement results in a loss of n, but by

M = 2,70 aileron movement causes an increase in Noe Vo variations (Fig.45)
are similar, but much smaller in magnitude than those of n . Generally,
aileron movement causes loss of _ZV (Fig.46), but this effect is irregular.

The effect of the ailerons on longitudinal stability is shown in
Figsli7: stability is increased as a result of aileron movement.

L.6 Effect of the airbrakes

Tests were made with the airbrakes in the fully-open position and tail-
planc settings of =4° and =10°, The results are compared with those for the
model with the airbrakes closed.

The effect of the airbrokes on drag is shown in Figs.48 and 49. The
increment in minimum drag due to opening the airbrakes changed insignificantly
with tailplane sctting and so only the case for a tailplane setting of -40 is
shown in Fig.48. The mean value of CL over all Mach numbers for the configura-

o
tion with open airbrakes and tailplane setting -4° was found to be +0.001.

The airbrakes were found to affect both longitudinal and lateral
stability. The effeects of the sirbrakes on longitudinal stability are shown
in Flg.50, from which it is seen that stability is reduced by opening the
airbrakes at M = 2.00 but is increased at the higher Mach numbers. However
the change in stability shows an irregular variation with Mach number and
tailplone setting, which is no doubt a result of the complications added by
the wake from the airbrokes to the already~complex flow around the fin and
tailplane. Some Schlieren photographs of the model with open airbrakes are
shown in Fig.51.

Tailplane powers, based on the differences in pitching moments between
configurations with tailplane settings of -4° and ~10°, arc plotted in
Pig.52. This shows some effect due to opening the airbrakes, but again the
effect is irregular.

Opening the airbrakes generally results in small losses of =Yy and n_,
(Figs.53 and 54 respectively). No significant effects of airbrakes on &v
were observed.

5 CONCLUSIONS
Results of the tests for Mach numbers of 2.00, 2,20, 2.40 and 2.70

described in this report show the following main conclusions:-

-1] =



1 Longitudinal stability changes appreciably with changes in Mach
number, incidence and tailplane setting at the highcr Mach numbers where
the flow in the neighbourhood of the tailplane is strongly influenced by
the position of the wing trailing edge shock pattern. Generally, longi-
tudinal stability is increased by movement of the ailerons and by opening
the airbrakes.

2 o Yawing moment due to sideslip increases with incidence up to
about 8~ due to the influence of the tailplane but falls with increasing
negative tall sctting and with increasing incidence above 8% TFor the
trimmed configuration n, decreases with incidence for all positive incidences.

Aileron movement results in a luss of n at the lower tecst liach numbers and
an increase of n, at the higher liach numbers. Opening the airbrakes results
in a small loss of n at all liach nunbers.

3 Rolling moment due to sideslip is decrcased by incrcasing ncgative
tail setting, but shows no rcgular variation with incidence, though the fin

contribution decrcases with incrcasing incidence. Generally, aileron move-
ment results in a loss of —I;v.

4 Aileron movement produces large side foree and yawing moment
variations with incidence.
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LIST OF SYIBOLS

A Aspect ratio of nominal wing planform
b Wing span

c Standord mcan chord of wing

S Gross arca of nominal wing planform

o} Free—~strcam dynamic pressure
M Free~stream Mach number

Gy, Lift coefficient = Lift force/gS

Cy Side force cocfficient = Side force/q8

Ch Drag coefficient = Drag force/qS

C,  Pitching moment coefficient = Pitching moment/gSc
C, Rolling moment cocfficient = Rolling moment/gSb
C,  Yawing mament cocfficient = Yawing noment/qSh
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LIST OF SYMBOLS (Contd.)

o ingle of inocidence of nacelle centrce lines

B Angle of sideslip

7 Tailplane anglc rclative to nacclle centre lines
g Rudder angle
g

Aileron angle

e Downwash angle rclative to the free~stream dircction
y,  Side force due to sideslip = = acY/aa, B in rodians
n,  Yawing moment duc to sideslip = oC r/ 3B, B in radians
¢,  Rolling moment duc to sideslip = aoe/aﬁ, f in radians
n,  Yowing moment duc to rudder = C /%, & in radians
65 Rolling mament duc to aileron = dC f/ 3%, & in radians
CD Minimum drag coefficicent

o}
CL Lift coefficient corresponding to CD = CD

o

K Induccd drag factor = mhe 3C/3(C -Cp )2
[o]

A Cross—sectional area of freec-strcam tube swallowed by cither
nacelle duct

AEN Arca enclosed by cowl lip of either nacelle
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Scale:

Wing:

Principal details of the model

TABLE 1

1/412th

Area § (gross) :-

Span b:i-

Aspect ratio A~ _
Standard mecan chord ci- _

Acrodynamic mean chord ©i= _
Distance of leading edgc of ¢
aft of leading edge of inboard wing:-

Dihedral:~
Wing-body (and wing-nacelle) angle
Sweep back of leading edge:-

Inboard of nacelles:—
Outboard of nacelles:i~
Aileron horn:-

Sweep forward of trailing edge:-
Section (excluding aileron horms) :i=
Biconvex, circular arc, with
sharp leading edge, t/c = L
maximum thickmess at 55% on
inboard wing, and 51% outboard.

Section (aileron horns):~ faired fram above to

&5 RAR 104 at tip
Gop between wing and aileron horni-

odified RAR 10k with constant maximum thickness.

Puselage:

Length:~
FPin:

Area:-

Sweep back of leading edge:~

Section:~-

L% t/c at tip chord

Tailplane:

Arcai—

Span:—-

Aspect ratio:~
Root chord:-
Tip chord:—~

Section:i~

Nacellcs:

Distance of nacclle centrc-lincs outboard of fuselage

centre~line :~

Adrbrakes:

Forward brakes:

Gross areai~
Open arcai—

5% circular arc.
Height of tailplane pivot above nacelle datum lines:-
Distance of pivot aft of moment refercncc point:i-

2.75 £4°

2,92k 1
3,108

0.941 £t
1,025 £%

Oe 143 £1

0,008 in.

56917 £t

2
0.528 £t
624.%

0oLBly £5°
1.292 £
3.0

0e5 £t
0.25 £t

0.682 £t
2.418 £t

0.625 £t



Airbrakes (Contd,) :-
Aft brakes:

TABLE 1 (CONTD. )

gross area:i=-

open areat-

Roughness bands:
Wings:

band width:i-

position of forward edge:-

Aileron horns:-

Fuselage:

Fin:

Tailplane:

Nacelle cowls:
position

Nacelle centre
position

bodies:
of forward edge:-

band width:=-
position of forward edge:

band width:-
position of forward edge:

band widthi=-
position of forward edge:

band widthi=-
position of forward edge:

bard width:-
of forward edge:

band width

TABLE 2

5,05 in,2
0.79 ine

7% of chord
1% of chord

0.25
0,25 in,
lecading edge

0.5 in,
1.0

0 in, aft of nose

0.5 in.

at lcading edge

0.5 ine

0.25 in. aft of

leading cdge

0.5 in,

0.25 in. aft of lips

0.5 in.

0.25 in, af't of apex

List of configurations tested

ﬁest range
Configuration (sec
Table 3)
1 | Clean aircraft; tailplane ~4° A
2 | Clean aircraft; tailplanc =10° A
3 | Clean aircraft;  tailplane -14° B
4 | Clean aircraft; tailplanc off A
5 | Clean aircraft; tailplane and fin off A
6 | Ailerons -10° ; tailplanc - C
7 | Adlerons -20° ;  tailplene -4° C
8 | Ailerons -20° ;  tailplanc and fin off| C
9 | Rudder -2.5° H tailplane = o C
10 | Rudder -5.0° ;  tailplane ~4° C
11 | Airbrakes open; tailplane -4° c
12 | Airbrakes open; tailplanec ~10° C
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TIBLE 3

Model atvitude ranges

Incidence Sideslip (degrees)
(degrees)
Range A Range B Range C
-l 0, *2 0, *2 0, *2
-2 0, *2 0, *2 0
0 0, ¥, %2, +4, +6 0, *1, *2, +h, 46 0, ¥, 2, +4, +6
2 0, 2 0, %2 0
4 0, *1, *2, +4, +0 0, X1, *2, +k, +6 , H, 2, 4k, +6
6 0, *2 0, 2
8 0, 1, %2, 44, +6 0, *1, #2, +ly +6 O, H, *2, +l4y +6
10 0, %2 0, *2 0
12 0, *2 0, *2 , *2
1L 0 0 0
16 - 0, *2
18 - 0
20 - 0, *2
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o4 SYMBOL TAIL SETTING

Cm a -14°
X - 10°
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TAILPLANE L.E. SHOCKS.
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533464013411

SUPERSONIC WIND TUNNEL TESTS ON A 1/12TH SCALE 53346,013.4

MCDEL OF THE BRISTOL TYPE 188 RESEARCH AIRCRAFT
PART TWO: M = 2,0 te 2,7. Cook, Te As

Six component force measurements have been made on a 1/12th scale
model of the Bristol Type 188 in the 8 £t x 8 £% wind tunnel at R.A.E,
Bedford, at Mach numbers of 2,00, 2,20, 2.40, and 2,70. The results of
these measurements are presented graphically, with an analysis of the
effects of tailplane movement, aileron and rudder controls, and airbrakes
on longitudinal and lateral stability, and drage
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MODEL OF THE BRISTOL TYPE 188 RESEARCH AIRCRAFT
PART TWO: M = 2,0 to 2,7 Cook, Ts As

Six component force measurements have been made en a {/12th scale
model of the Bristol Type 188 in the 8 ft x 8 £t wind tunnel at R.4.E.
Bedford, at Mach numbers of 2,00, 2.20, 2.40 and 2,70, The results of
these measurements are presented graphically, with an analysis of the
effects of tailplane movement, aileron and rudder controls, and airbrakes
on longitudinal and lateral stability, and drag.
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Six component force measurements have been made on a 1/12th scale
model of the Bristol Type 188 in the 8 ft x 8 ft wind tunnel at R.A.E.
Bedford, at Mach numbers of 2,00, 2.20, 2,40 and 2,70. The results of
these measurements are presented graphically, with an analysis of the
effects of tailplane movement, aileron and rudder controls, and airbrakes
on longitudinal and lateral stability, and drag.
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