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SUP~SONIC KWD TUIWZL TEST3 ON A 1/12!K SCALE NODEL 
03' THE BRISTOL TYPE 1138 RESWCH AIRCRAFT, 

PARTI; M=1.4TO 2.0 

C. R. Taylor 
and 

T. A. Cook 

Six component force tests at hiaoh numbers 1.4, 1.6, I,8 and 2.0 have 
been made on a 1/12th scale model of the Bristol T$-pe 1% 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 model. 
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1 IXTI!ODUCTION 

The Bristol Type 188 is a twin-engined research aircraft of all-steel 
construction, designed, to Specification E.R.134, 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 and 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 ft 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 Ltd2. 
Low speed tests on a l/lOth scale model are reported in Ref.3 

Five component (i.e . normal force, pitching moment, side force, yawing 
moment, and rolling moment) tests at transonic and supersonic speeds up to 
kiach 2 have previously been made on a 1/36th scale model in the 3 ft x 3 ft 
tunnel at B.A.E. B&f&+. 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 tvvin-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 1/36th 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 f't x 3 ft tunnel model, and (b) the twin- 
sting support system of the present model. 

c The tests described in this paper cover the Mach number range I.4 to 2.0. 
Tests covering the range 2.0 to 2.7 are reported in Part 2. 

”  
2 DESCRIPTION OF TJ-JE MODEL .AND BALABCE 

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 Table I. 

The model was made of steel with a high accuracy of finish. It was a 
true reproduction of the full-scale aircraft, except for small changes in the 
shape of the engine nacelles. A small dist-jrtion of t'he 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.3. 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 Piach number (viz. 11 = 2.1) with the smaller mass flows 
expected in the tunnel, 

. 
The tailplane pivoted about an axis 37.5% of the root chord forward of 

the trailing edge, the range of settings available was from +4O to -14’ 
. (relative to the nacelle centre lines) in 2O 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 -25O c E c 0 and -5” d ;: < 2.50 respectively, using inter- 
changeable hinge plates. 
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The forward naoella cowlings were interchangeable with cowlings having 
spill vents (Fig.Lt) 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.?. Other details 
are inoluded in Table 1. 

TO enable a comparison to be made between the results on this twin- 
sting model and those obtained on the 3 ft x 3 ft 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 oontaot 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 consisted of two four-component (vim. 
normal f oroe, side force, axial foroe, and pitching moment) balances, one 
in each naoelle (see Fig,j).* The eight apparent loads (i.e. loads 
uncorrected for balance interaotions) obtained from a set of readings were 
reduoed to the usual six oomponents as follows. Normal foroe, pitching 
moment, side foroe, and axial force, on the model were obtained by adding 
oorresponding loads on each balance. Yawing moment and rolling moment 
were obtained by assuming them to be proportional to the differenoes in 
axial foroe and normal force between 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 seoond order 
balanoe interaotions, as determined from the calibration, using the method 
of RefrS. 

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

3 DETAILS OF THE TESTS 

The tests were made at Maoh 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 oonfigurations tested, and the ranges of inoidence and sideslip 
angles covered, are listed in Tables 2 and 3 respectively. 

All the results presented in the next seotion of this Report refer to 
stability 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 (i.e. at 
0.?8 'E), Incidence was measured with respeot to the nacelle centre lines.** 
The angles of incidence and sideslip are defined as in current aircraft 
praotioe, (k. e. the tangent definition of incidenoe and the sine definition 
of sideslip~ are used). The incidence and sideslip angles were oorrected 
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 
balanoes 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'. 



To accord with the practice of Bristol Aircraft Ltd., the -$tohing 
moment coefficients quoted here arc bastd on the standard mean chord, and the 
lateral stability derivatives are defined as follows:- 

1% acn ace 
Y, = 2 ap n = 

V Tiyi=- cv = 
qT-3 

(p being in radians). 

Axial force results wire corrected for base pressures at the balance 
units and for the inturnal drag of the nacelles7. Prior to the tunnel tests 
the nacelles wit;re connected 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 measuring station were thus calibrated 
against the readings of one fixed pitot and one fixed static tube in each 
half duct (see 7ig.3). This calibration was usid, together with the pitot 
and static mcasurcncnts obtain& in the wind tunnel tests, to calculate the 
internal drag. 

The mass flow measurements showc-d that the ratio f~~/.!$~ (where A0 is 

the cross scotional arca of the stream tube which enters the duct and -$l\r 
is the area contained by the cov:l lip) varied linearly with IEach number from 
0.60 at I/; = 1.4 to 0.66 at M = 2.0. 

The deflections under load of the rudder and aiicrons wt;re calculated 
using measured hinge stiffnesses, and either measured or ,estimated hinge 
moments. For the rudder, the deflection was less than 2,o of the control 
setting and for the ailerons less than 27:. These deflcotions wt‘re ignored 
in caloulat'ng the control powvrs, 

Estimates of the accuracy of the results showtd t;lat the probable 
errors in the force and moment coefficients are as follows:- 

CL : -1-0.003 ItO,OO~t CL 

cy : f0,002 -1-0.002 cy 

CD : k0.004 20.007 CD 

Cm : t0.000~ +o.c23 cm 

c, : to.oco7 +0.004 c, 

cn : ~0.0007 +0,007 cn 

The first term in each expression for the error is due to balance hysteresis 
and other resolution errors. The second term is based on estimates oI' the 
accuracy of the balance calibration. AKI additional error in the absolute 
vsluc of the drag coefficient may exist, due to inaccuracies in the calcula- 
tion of the internal drag of the ducts. This error is estimated to be smaller 
than LO.003, 

The random errors in angles of incidence and sideslip are less than 
O.OlO; however, local deviations of the air flow may have been as large as 
0,200. 
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In order to fix the position of boundary layer transition, the 
following roughness bands were painted on the model, using a mixture of 
grade 100 Carborundum (i.e. particles about 0.008" in size) in aluminium 
paint:- 

Fuselage: 511 band, commencing I" from nose. 

Wings: from 29 to 7% chord. 

Aileron horns: & band commencing $,, from leading edge. 

Fin: 2 band oommenoing at leading edge. 

Tailplane: p band oommenoing .,( from leading edge. 

Naoellc cowls: $' band oommenoing ->" from lip. 

Nacelle centre bodies: $f;(l band commencing $" from apex. 

4 PRESENTATION Al'lD DISCUSSION OF THE RESULTS 

The results of the tests are presented graphically in the accompar@ng 
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. 

4.1 stabiJ* Longitudinal 

Plots of those results pertaining to longitudinal stability are 
presented in Figs.7 to 16. The ourves of CL against a (Figs.7 to 10) and 

Cm against CL (Fig.11) require little comment. The variation of lift 

coefficient with incidence is linear up to CL y 0.5; at higher lift 

coefficients there are gradual decreases in slope. There are small 
decreases in (aCL/3Q)a=o with inoreasing negative tail setting (Fig.12). 
Exoept between M = 1.4 and 1.6 there is little variation of (Xn/aC,), 

L 
=. 

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

The variation of tailplane power (i.e. aCm/aq at constant incidcnces) 

with incidence is shown in Fig.15, where the measured values are compared 
with theoretical estimates based on the charts of Ref.9, Theoretical 
values do not take into account effects due to other components of the model 
and the disorepancies between the measured and the theoretical values are due, 
at least partially, to changes in dynamic pressure at the tailplane, aaused 
by the shock system ahead of the tailplane. 

The measured tailplane powers were used in conjunction with the 
measured variations in pitching moment with incidence to oalculate the 
effective downwash at the tailplane. This is plotted in Fig.16. Schlieren 
photographs (Figs.17020) 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 whioh may account for the observed non-linearitics in 
downwash. 
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To assist discussion of the lateral stability in section 4.2;and to give 
some idea of therequirements 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. It has been assumed that the aircraft weight 
is 32,000 lb, and that the centre of gravity coincides with the model moment 

-i reference point, 

4.2 Lateral stability 

Typical plots of the variations of the lateral coefficients C 
Y , Cn and C, 

with angle of sideslip are presented in Figs.23 to 25, and the variations with 
incidence of the derivatives yv, nv and Cv are shown in Figs.26 to 28. 

An unusual feature of these results is the increase in directional 
stability for the'complete aircraft~configurations at constant tail setting 
with increasing incidence up to approximately 6O; above 6O incidence n 

V 
decreases, (Fig.27'). Comparison of the 'complete aircraft' values of nv with 
those for the 'fin and tail off' case shows that these variations of 
directional stability with incidence are due mainly to changes in the empennage 
effectiveness, At all incidences the empennage effectiveness decreases with 
increasing negative tail setting, with the result that there is a much more 
pronounced loss of nv with increasing incidence for the trimmed configuration 
than for the constant tail setting cases, (Fig.29). 

i 4.3 Draa 

-14O, 
Drag polars for th t= three tailplane settings tested, viz. -4', -lOO, 
and for the tailplan e and fin-off case are shown in Figs.30 to 33. 

Parabolae of the form CD = CD + -$ (CL-CL 12, where A is the aspect ratio 
0 0 

of the ning, have been fitted to these curves up to a lift coefficient of 0.5, 
(above this value the polara cease to be parabolic). The variations with 
Mach number of the resulting values of minimum drag coefficiznt, CD , and of 

0 
induced drag factor, I<, are plotted in Figs.34 and 35 respectively. The lift 
coefficient at minimum drag, CL , does not appear to vary with l\lach number, 

0 
and the values obtained by fitting the parabolae are as follows:- 

. ”  

4.4 Effect of the rudder 

Rudder power (Figs,36 and 37) was determined from a comparison of 
results with nominal rudder settings of 0, and -5O, for a tailplane setting 
of -4O. The rolling moment derivative due to rudder -45 

Z' 
was too small to 

be measured. The plotted values of -n and y refer to zero angle of side- 
G ;: 

slip; the variations with sideslip angle were found to be negligible. 
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Rudder deflections had no significant effeot 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 that rudder power was not measurably affected by tail 
setting. 

4.5 Effect of ailerons 

Tests to determine the effects of aileron movement were made with a 
aileron settings 0, -IO’, and -200,* 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; (i.e. 
for 0 Q E Q 20° and -60 6 p d 6O). 

Movement of the ailerons produoes significant side foroes and yawing 
moments, which vary with incidence. These are plotted in Figs.40 and 41 
respeotively* Also shown in Figs.40 and 41 are the aileron induced side 
forces and yawing moments measured by Sutton, Hutton and SquirelO 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 oylinder body without a 
fin. The results quoted were obtained with an aileron setting of -IO0 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 induoed sidewash at the fin, while the major psrt of 
the variation with incidence is due to other causes, such as differential 
aileron drag and cross-flows on the rings. 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 y (Figs.43 

and 44). Other derivatives were f&nd to be virtually unaffeot:d by 
ailerons. 

4.6 Effeot of air-brakes 

Results of the tests with fully-open air-brakes were compared with 
those for the olean aircraft configuration with a tailplane setting of -4'. 

The effect of the air-brakes on minimum drag coefficient is shown in 
Fig.45 and the effect on induced drag factor in Fig.46. Unlike the clean 
aircraft case, values of lift coefficient at minimum drag were not the same 
for each Mach number. Values obtained are as follows: 

With the air-brakes extended there were significant reduotions in 
longitudinal stability (Fig&T), and lateral stability (Fig.48). 

* E = -IO0 means port aileron IO0 down starboard aileron IO0 up. 
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4.7 Ei'fect of spill vents _u___ 

Tests were made with the nacelle spill-vents fully open and eaah 
nacelle exit mass flow reduced by about 5C$. With the exception of drag, 
the results were compared with those for the clean aircraft (tailplane 

5 setting -4'). No significant effect of spill-vents was observed. Sinoe 
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:- 

(4 the clean oonfiguration tested in the 8 ft x 8 ft tunnel, (i.e. twin- 
sting support and undistorted fuselage); 

b) the model tested in the 3 ft x 3 ft tunncl4 (i*e. a 1/36th scale single 
sting model with a distorted rear fuselage); 

(c) the 8 ft x 8 ft tunnel model fitted with a distorted rear fuselage 
and a dummy rear sting. 

The object of this comparison is to examine the interference effects of 
i) the twin-sting support system used in the present tests ((15) and (0)) and 
ii) the enlarged rear fuselage of the 3 ft x 3 ft tunnel model ((a) and (c)). L/ The test 

1.2 x IO 8 
on (b) in the 3 ft x 3 

iF 
t tunnel were made at a Reynolds number of 

J compared with 2.5 x IO for (a) and (o) in the 8 ft x 8 ft tunnel. 
As the 3 ft x 3 ft tunnel tests did not inolude measurements of axial force, 

.e normal force coefficients instead of lift coefficients are used in this 
comparison. 

Considering firstly the lateral stability, comparisons of the derivatives 
y, and nv for the three configurations are shown in Figs.49 and 50." The 
r,=-40 results show that the twin-sting support has little effect on the 
lateral derivatives, but the rear fuselage distortion increases both -y, and nv 
considerably. 

Sinoe the twin-sting support has only a small effect on yv and nv 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 
(o) 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 effeot s 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 

L different from -4' and, in particular, to the absence of tail off results. 
A comparison of the available data, in the form of plots of pitching moment 
against normal force at constant Mach number, is shown in Fig.51. It can be 
seen that, for the tail and fin off cases, 
stable than (a); 

configuration (b) is slightly more 
and that, with the tail and fin on, there is very little 

difference between the three configurations for 71 = -4O, whereas, for T-J = -100, 

* Configuration (b) was not tested at M = 1.4. At I\! = 1.8 (q = -4') and 
M= 1.6, 1.8 and 2.0 (tailplane and fin off} lateral tests ;Jere made for 
a = 0 only. 
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(b 
(a 

is slightly less stable than (a). A more sensitive oomparison between 
and (b) is given by the plots of downwash at the tailplane position in 

Fig.52 and of tailplane power in Fig.53. 

It is probable that the small differenoes between (a) and (b) tail off 
are due to the fuselage distortion and not the sting support. The diff erenoes I 
in stability with the tail on are due to the ohange in tailplane power* 
It does not appear possible, from the evidenoe available, to decide whether 
the lO;z 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 MI = 1.3 suggest that tne rear fusleage distortion does decrease the tail 
effectiveness by roughly this amount. 

6 COl?cLUSION3 

The tests over the Mach number range 1.4 to 2.0 have she? that, in 
general, with the moment reference point of the model at 0.180 :- 

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

(2) The directional stability of the trimmed model decreases with 
increasing incidence, for incidenoes above 3’. 

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

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

(5) Nacelle spillage does not have any significant effect on stability. 

A 

b 

s 

9 

M 

cL 

cY 

cD 

LIST OF SYKBOLS 

wing aspect ratio 

wing span 

standard mean chord 

gross wing area 

free stream Qfnamic pressure 

free stream Mach number 

lift coefficient = lift force /qS 

side force coefficient = side foroe/qS 

drag coefficient = drag force /qS 
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cm 

52 c 
%l 

I. cN 
a 

P 

71 tailplane angle, measured relative to naoelle oentre lines 

i= 

4; 

G 

YV 

% 

n . V 

yi= 

a 

nZ; 

% 

cD 

CL0 0 

K 

pitching moment coef'ficier~t = pitching moment/q S J 

rolling moment coefficient = rolling moment/qSb 

yawing moment coefficient = yaxing moment/cl3 b 

normal force coefficient = normal Porce/qS 

angle of incidence of nacelle centre lines 

angle of sideslip 

rudder angle 

aileron angle 

downwash angle, measured relative to free stream 

side force clue to sideslip = 6 acy/ap, 8 in radians 

rolling moment due to sideslip = ace/"@, " 11 

yaxing moment due to sideslip = aCn/a@, If 11 

side force due to rudder = acg’az Z in radians 

yawing moment due to rudder = aCn/ai; " I, 

rolling moment due to aileron = aCe/8c 5 in radians 

minimum drag coefficient 

value of CL for which C. = C 0 3, 

induced drag factor = ti aC a 3 C L-cL >* 
0 

NO. - Author 

1 A short review of research and development 
for the Bristol Type 168 supersonic research 
aircraft. 
Bristol Aircraft Ltd. l?Ii/l88/DIV/580. 
Jme, 1959. 
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Princlpa& details of the mods 

Scale: 1/12th 

Wing:- 

Area S (gross) :- 

Span b 

Aspect ratio A 

Standard mean chord c 

Aerodynamic mean chord z 

Xstance of leading edge 
edge of inboard wing 

Dihedral 

'&ing-body angle 

of z aft of leading 

Sweep back of leading edge: 
Inboard of naoelles 

Outboard of nacelles 

Aileron horn 

Sweep forward of ti~ai1i.l;~ edge 

Section (excl.:din< aileron horns): 
Biconvex, circular arc, with sharp leading 

edge; t/c = &; maximum thickness at 
55); on inboard wing, and ijl$ outboard 

Section (aileron horns):faired from above 
to 8j6R.M 104 at tip. 

Gap between wing and aileron horn 

Length Fuse!.a&:- 

Fin:- 
Area 

Sweepback of leading edge 

Section: 
Kodified RAE 104 with constant maximum 

thickness. 4'b t/c at tip chord 

2.74, ft2 

2.924 f-t 

3.408 

0.941 f-t 

I.025 ft 

0.143 f-t 

0 

2O 

0 

38O 

65' 

5O 

0.008 in. 

5.917 ft 

0.528 ft2 

64' 

- llj - 



TABLE I (CC:/?Do) 

Tailplane:- 

Area 

Span 

Aspect ratio 

Root chord 

Tip chord 

Section: 4;;; circular arc 

Height of tailplane pivot above nacelle 
datum lines 

Nacelles:- 

Distance outboard of fuselage 
centre line 

Air-brake&:- 

Forward brakes: gross area 

open area 

Aft brakes: gross area 

open area 

0,484 ft2 
1.292 ft 

3.4 

0.50 ft 

0.25 ft 

0.682 ft 

0.625 ft 

3.03 in2 

0.89 in2 

3.05 in2 

0.79 in2 

- 16 - 
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FIG. I GENERAL ARRANGEMENT OF MODEL AND SUPPORT SYSTEM. 
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FIG. 3 GENERAL ARRANGEMENT OF NACELLE. 



VERTICAL 

SECTION ON ‘A-i 

FIG. 4. SPILL VENT ARRANGEMENT. 

FIG. 5. AIR BRAKE ARRANGEMENT. 
(FULLY OPEN POSITION) 



DISTORTED FUSELAGE. 

I UNDISTORTED FUSELAGE. 

CLEARANCE 

DUMMi STIN$ 

FlG.6. ARRANGEMENT OF MODEL WITH 
DISTORTED REAR FUSELAGE AND 

DUMMY CENTRAL STING. 
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FIG.7. VARIATION OF’ CL WITH d AT 
CONSTANT MACH NUMBER: ‘z =-4? 
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FIG. 8. VARIATION OF CL WITH d AT 
CONSTANT MACH NUMBER: ‘1=-10: 
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M = l-60 
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e 
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> 

FlG.9. VARIATION OF CL WITH d AT 
CONSTANT MACH NUMBER : 7=-14’1 
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-4 0 4 8 I2 16 2f 

d (DEGREES) 

c,=O FOR 4 
M = 2.00 

CL= 0 FOR 

M = Ia80 

CL= 0 FOR 

M = I*60 

CL= 0 FOR 

M = I-40 

3 

FIG.10. VARIATION OF CL WITH d AT CONSTANT 
MACH NUMBER : TAILPLANE AND FIN OFF, 



SYMBOL TAIL SETTlNq. 
h - 14O 
x - IO0 
0 

I 

- 4” 
0 TAILPLANE ANO _ p 

FIN OFF, 

CL 

-A- ‘o-O* 2 \0*4 0.8 

0 a ~=2-00. 

SYMBOL TAIL SETTING 

A - 14” 
X - IO0 
0 - 4O 
Q TAILPLANE AN0 

FIN OFF: 

(b) M =1*80. 

FIG. I I. VARIATION OF Cm WITH CL 
AT CONSTANT MACH NUMBER. 



SYMBOL TAIL SETTING 

43 - I 4O 
x -IO0 

Q -4O 
Q TAILPLANE AND 

FIN OFF. 

(c) M= I*60 

1 

. 0.6 

cm 

SYMBOL TAIL SETTING 
h -I 4O 

X -IO0 

0 -4” 
Q TAILPLANE AND 

FIN OFF: 

(d) M= I-40 

FIG.1 I. (CONTa VARIATION OF CmWlTH 6, 
AT CONSTANT MACH NUMBER. 



I* 4 I* 6 I.8 M 2.0 

FlG.12.VARIATlON ac,l&C AT ZEF 
INCIDENCE WITH MACH NUMBE 

10 
R. 

KEY TO FIGS. I2 AND 13. 
A ” TAILPLANE - 4’ 

--- -x- - - - ,I -10’ 
6, -14’ 

- TAIL AND FIN OFF 

I*4 1.8 M 2-o 

FIG. 13. VARIATION OF - aC, /aQ AT 
ZERO LIFT WITH MACH NUMBER. 
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(a) TAILPLANE -40 
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CL 

I-0 

-0-Z 0 

(b> I-AI LPLANE - I 0”. 

OS= C‘ I-0 

FIG. 14. VARIATION OF - ac,/,,L WITH CL . 
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@) TAILPLANE - 14: 

- 

(6 TAIL AND FIN OFF. 

FIG. 14 (COM-.). VARIATION OF -aCm/X, WITH q 



A M=Z*oO 

FIG. 15. VARIATION OF TAILPLANE 
POWER WITH MODEL INCIDENCE. 

8 

FIG. 16.VARIATlON OF DOWNWASH AT POSITION 
OF TAILPLANE WITH MODEL INCIDENCE. 





. 
= I. 







d 
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FIG. 21. ESTIMATED VARIATION OF FLIGHT 
INCIDENCE WITH MACH NUMBER FOR 
UNDISTORTED FULL-SCALE AIRCRAFT. 

\6 

1 A.U.W. 32,000 LB. 

I2 

-3 
(DEGREES) 

0 

4 

#---- 
/’ 

0 + 60,OOOFT 

/ 
/ 

0 
I - “9’ 

--- - 2’9’ 

-----e. 

r. 

0 
l-8 M 2 0 

FIG, 22, , ESTIMATED VARIATION OF TAILPLANE 
ANGLE TO TRIM WITH MACH NUMBER FOR 

UNDISTORTED FULL-SCALE AIRCRAFT, 

.,OOOLB. 
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FIG. 23. VARIATION OF Cy WITH p AT 
CONSTANT MACH NUMBER:? =-4‘&=t4: 
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FIG.24. VARIATION OF C, WITH p AT 
CONSTANT MACH NUMBER: 72 5-4’; ok= +4: 
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C&=0 FOR 

M = l-60 

l 
C4=0 FOR 

M= I-40 

FIG.25. VARIATION OF Ce WITH p AT 
CONSTANT MACH NUMBER: q= -4’; CL= +4: 
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d 
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h 

M= I.60 

---‘A- 
- -0.2 ’ 
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-4 0 4 0 12 16 
I 
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0 

M- l.Arr I I 1 I 

FIG.26. VARIATION OF yu WITH INCIDENCE . 
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0 4 0 I2 
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FIG.27 VARIATION 0F n, WITH INCIDENCE. 
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FIG.28. VARIATION OF & WITH INCIDENCE. 
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Al RCRAF’T 
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4 6 
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e 

FIG. 29. VARIATION OF n, WITH INCIDENCE 
FOR TRIMMED CONFIGURATION. 
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FIG. 30. VARIATl& OF C WITH C AT 
CONSTANT MACH NlJhiBER&i? 
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CD= 0 FOR 
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FIG. 31. VARIiT;Oii OO’F C OW61TH “c” AT 
l-0 h/l= I*40 

CONSTANT MACH NUMiER:3 = -;op 
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FIG. 33 VARIATION OF Cb WITH CL 
AT CONSTANT MACH NUMBER J TAILPLANE 
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FIG. 34 VARIATION OF MINIMUM DRAG 
COEFFICIENT WITH MACH NUMBER. 
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FIG. 35 VARIATION OF INDUCED DRAG 
FACTOR WITH MACH NUMBER. 
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FIG. 36 VARIATION OF YAWING MOMEIUT 
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FIG. 37 VARIATION OF SIDE-FORCE DUE 
TO RUDDER WITH INCIDENCE. 
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FIG. 38. VARIATION OF AILERON POWER 
WITH INCIDENCE. 

FIG. 39. VARIATION OF AILERON POWER 

WITH MACH NUMBER. 
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FlG.40. VARIATION OF C, WITH d: AT ZERO 
SIDESLIP FOR VARIOUS AILERON SETTINGS. 
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FIG. 41. VARIATION OF C,, WITH Oc AT ZERO 
SIDESLIP FOR VARIOUS AILERON SETTINGS. 
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MOMENT INDUCED BY -20’ AILERONS 
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FIG.46. EFFECT OF AIRBRAKES ON 
INDUCED DRAG FACTOR : 7 = -4? 
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FIG.47. EFFECT OF AIRBRAKES ON 
LONGITUDINAL STABILITY : 7 = -4? 
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I INTRODUCTION 

This paper describes further tests in the 8 ft x 8 f-t high speed wind 
tunnel at R.A.E., Bedford, on a -1/12th scale model of the Bristol Type 188. 
Part 4 of this paper 1 described tests and presented results for %ch numbers 
of 1.40, l&O, 1.80 alla 2.00. In the present 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,OO to provide continuity with thti earlier tests: the results 
for this repeat case agreed with those of Part I within the limits of the 
experimental errors. In general the progr,axmc of tests was the same as that 
for the earlier tests, though some changes were made as a consequence of 
results obtained at the lower Btach numbers, (these changes are detailed in 
Section 3 below). 

. 

. 

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

2 THE MODEL 

I The model has been fully described in Part I . The general arrangement 
is shown here &I-I Fig.1 and a photograph of the model mounted in the wind 
tunnel in Fig.2. The principal dimensions of the mo3elwith other essential 
model details are listed in Table I. 

For the purpose of the present series of tests, the balance was com- 
pletely recalibrated. Six-component force measurements were derived from the 
two four-component balances mounted in the naocllesl and were fully corrected 
for bal,ance interactions. 

3 DETAILS OF TIE TESTS 

The tests were made in the 8 ft x 8 ft high speed wind tunnel at R.A.E., 
Bedford, at Mach numbers of 2.00, 2.20, 2.4.0 <and 2.70. The Reyno ds number, 
based on standard mean chord, was maintained constant at 2.5 x IO k 
IV1 

,6except at 
= 2.70 where tunnel power limited the Reynolds number to 2.1 x IO . 

The configurations of the model tested are listed in Table 2. This 
list is not identical to that of PLart 'il. Tests with open spill vents were 
not continued since the spill vents were found to have negligible effects: 
likewise a test with a rudder setting of -2.51~ anrl. a tailplane setting of 
-14O was not mCk3, since rudder power was found not to be significant1 
affected by tailplane setting. Some additions to the progrrunmc were I a so 
thought desirable. These included a test with the fin on and the tailplane 
removed, to investigate the contribution of the tailplane to the fin 
effectiveness. A test with the ailerons deflected and the tailplane and fin 
off was made to assist analysis of the side forces and yawing moments induced 
by aileron movement. Finally, a test with airbrakes open and a tailplane 
setting of - IO0 was included to examine possible effects of the airbrakes 
on tailplane power. 

The results refer to stability Laxes with their origin (i.e. moment 
reference point) at lS$ of the star&u3 mean chord, in the plane of the 
nacelle centre lines. Incidcnccs measured were those of the nacelle centre 
lines, (the wing-nacelle angle was +2O). Angles of incidence and sideslip 
were computed ush the tangent and sine definitions respectively and were 
oorrected for balance and sting deflections. Pitching moment aoefficients 
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have been based on the wing standard mean chord: force measurements were 
corrected for the differonce between free-stream static pressure and the 
pressure at the balance axial force units. Allcwance was also made for 
the internal drag of the nacelle ducts. 

The mass flow through each nacelle was calculated, using pitot and 
static pressure measurements near the exit, and expressed as the cross- 
sectional area (A ) of a free-stream tube. This area, in terms of the 
area enclosed by ?hc cowl lip of each nacelle, 1% , is plotted in Fig.3. 

3 
Two cases are shown, for angles of incidence of zero and 14': the zero 
incidence case is compared with the calculated maximum intake mass-flow. 
The fact that the ratio A 

J+J%r 
exceeds unity for the ecro incidence case 

is due to errors in the determination of the effective mass flow area at 
each duct exit measuring station. Fig. 3 shows that maximum mass flow at 
zero incidence is reached at a Mach nwnber of about 2.40. (This con- 
clusion can be roughly verified by comparison of the plan view schliercn 
photographs in Figs.44 to 17, from which it appears that the shock waves 
from the intake centre bodies lie just within the ccwl lips at M = 2.40, 
though the presence of the shock waves from the c,anopy of the model 
introduces a complication.) 

The position of boundary-byer transition on the wind-swept surfaces 
of the model was fixed using distributed roughness bands. These were 
formed by sprinkling grade 100 Carborundum particles on to an araldite 
base: the approximate maximum projection hoi&t of the particles above 
the model surface was 0.008 in. The locations and widths of these bands 
are included in the model details of Table I. The cffcctiveness of the 
roughness b,ands in fixing tr,ansition on the wings was verified at K = 2.70 
and zero incidence and sideslip using the azobenzene technique. 

Prcbablc errors in the coefficients dcrivod Prom the balance measure- 
ments were estimated to be as follows:- 

CL : t 0.003 i O.OOl+ c: L 

cy : t 0.002 t 0.002 cy 

50: f 0.007 L 0.007 q) 

cm : t 0.0005 f 0.003 cm 

Cd : f 0.0007 r!I 0.004 C& 

cn : !: 0.0007 t 0.007 cn 

The first term in each error includes zero errors, resolution orrors# 
balance hystcrcsis errors, and, in the case of drag, uncertaintjr in the 
correction for the internal drag of the engine nacelles. The second 
term in each error is based on balance calibration errors. 

Angles of incidence and sidcslip arc accurnto to t 0.01" in 
resolution, but tunnel fl? deflections at the position of the model may 
have been as large as 0.2 . Control plate d&lections u&r load were 
less than 17; of the nominal setting for the rudder and 2,$ of the noti1 

0 setting for the ailerons. 
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4 lYRGSENTATION AND DISCUSSION 03' TIZ RESULTS 

Results of the tests are presented graphically in Figs.4 to 54. 
Included in the results are some estimates of flight conditions for the 
full-scale aircraft, based on the assumption that the aircmft does not 
suffer any aeroelastic distortions. 

&I Lift and pitching moment 

The model was tested with tailpl,uc settings of -4', -IO0 and -I&', 
relative to the nacelle centre-lines. Tests wore also made with the tailplano 
and fin off, and, except at lJ = 2.00, with the tailplano off and the fin on. 
Differences in lift, pitching moment and drag between the latter two configur- 
ations were small and so only the results for the t,ailplane and fin off case 
have been plotted. The results for the tailplane off and fin on configuration 
have been used in the analysis to calculate downwash angles, (except at 
M= 2.00 where the tailplane and fin off results have had to be used). 

Lift coefficients are plotted against incidence in Figs.4 to 7 and 
pitching moment oocfficicnts against lift cocfficiont in Fig.8. Lift-curve 
slopes are shown in Fig.9 (mean values for the complctc model have beon plotted 
since the variation with tail setting was very small), and longitudinal 
stability slopes as functions of Xach number and lift coefficient are plotted 
in Figs.10 and II respectively. 
in pitching moment, par degree, 

Tailplane power was calculated as t;hc cl;t~.@ 
between tailplane satting of -4' and -14 and 

values are plotted against incidence in Fig.12. 

Fig.11 shows a pronounced stability t~p~akt~ atU = 2.70 and a lift coeffi- 
cient of about 0.4. This peak falls off as the tailplane angle becomes more 

, negative, while, in the tailplane and fin off case (Fig.?l(d)),thcrc is a small 
but significant stability maximum under the same conditions. Since there is a 
Small, corresponding increase in C L for these configurations (Figs.4 to 7) 
this implies an increase in tailplane lift with a small contribution from the 
rear fuselage. 

D-ash angles at the position crf: the tailplane have becn estimated 
from the absolute values of the pitching moments produced by the tailplane and 
are plotted in Fig,l3. Between model incidences of approximately 4O (CL& Oe2) 
and 12' (CL rr 0.5), there are rapid variations in me,?n downwash angle at 
M = 2./O, which correspond to the stability changes. Smaller, similar cffeots 
are observed at M = 2.4-O Land 31 = 2.20. 

The large variations in downwash are due to the change in position of the 
wing trailing edge shock wave relative to the tailplane of the model as 

w incidence varies. From the schlieren &otographs of Figs.17 and 18 and the 
explanatory diagram of F'ig.19, it is evident that the wing trailing edge shock 
wave at M = 2.70 must lie either behind the tailplane or across it at low 
incidences, and move towards the leading edge of the tailplane as incidence . mcreases. Thus, at low incidences, the tailplane is in the flow field of the 
upper surface of the wing with associated large Flm~ angles, but, at higher 
incidences, it is in the wing wake with much smallor flow angles. Thus the 
fall in doymwash angle, most pronounced at Iv1 = 2.70, is due to the movement of 
the tailplane out of the wing prcssur;: field into the wing wake. This effect 
falls off rapidly with decreasing Xach nuuiber. It nould appear that the wing 
trailing edge shock wave lies upstream of the tailplane at incidences greater 
than those corresponding to the minima of the damwash curves in Fig.13. 

The slopes of plots of pitching moment due to the tailplane.against 
tailplane setting, at&i =. 
values over the range 

2.70, wcrcofound to vary by up to 20$ about the moan 
-4 > 77 > -14 plotted in Fig.12. This variation is 
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loss of nv with increasing incidence over the whole range shown. Scane full- 

scale flight estimates are included in this figure. 

The variations of yv and 4v (Figs.29 and 30) show that, in both cases, 
w 

there is a loss of fin effectiveness with the tailplane removed above ‘about 
2' incidence. As in the case of nv, this loss is alleviated by the presence 

. of the tailplane. The results for 4v show that, although the contribution 

of the fin and tailplane becomes zero at about 12' incidcncc, the complete 
model remains stable in roll as a result of the increase with incidence in 
the roll stability of the rest of the model. 

4.3 Drag 

Variations of drag coefficient wi?$. lift cocfficiont far the model with 
various tail settings ,and with the tailpl3ne and fin off arc shown in Figs.31 
to 34. These results have becn analyscci by assuming the curves to be of the 
form: 

CD 
2 

= CD -I- 2 (c; - CL ) , 
0 0 

where CD is the minimum drag coefficient, CL is the value of the lift 
0 0 

coefficient at which i: D = CD $ A is the aspect ratio of the wing, and K is a 
0 

constant, the induced drag factor. 

The applicability of this equation is illustrated in Pig.35 where CD is 
plotted against (CL - CL )2 for one configuration. CD was found to be a 

linear function cd' (CL -O' CL )2 up to a lift coefficient of approsimately 0.5 
0 

for all Mach numbers. 

CL0 was found to vary little vtith Nach number for each configuration. 

The mean values of CL are given in the following table: 
0 

Tailplanc setting -4O -IO0 -d4O Tailplane ,and 
fin off 

%Jo -0.004 -0,ooy -0.011 +0.006 

Values of CD and K are plotted in Figs.36 and 37 respectively. Tail- 
0 

plane setting was found to have no significant effect on induced drag factor: 
consequently the mean values have been plotted inBig.37. 

It should be noted in connection with the drag results that the 
probable experimental errors were large, being > 0,007. Of this error t4. 0.003 
is ascribed to uncertainty in the correction for the internal drag of the 



ducts which is a oonstant error for the whole series of tests, and exoept 
for a small allowanoe for scatter, the rest of the error is uncertainty 
due to balanoe hysteresis. Neither of these two sources of error affect 
the induced drag factors measured, and, while both apply to CD , only the 

0 

hysteresis and scatter error, i.e. +O.OU$, will apply to the differenoes 
between the CD curves for different configurations. I.n 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 sets of tests illustrates 

0 

the poor accuracy of absolute drag obtainable on this model, 

4.4 Effeot of the rudder 

The model was tested wigh rudder settings of 0, -2.5' and -5', at a 
fixed tailplane setting of -4 . Results for the configuration with a 
rudder setting of -5’ were not obtained for h$ = 2.20. 

Fig.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, 
movement of -5 

&.e. the ohange in yawing moment per degree for a rudder 
, are plotted against incidence in Fig.39. 

Side foroes due to rudder movement were found to be small, correspond- 
ing in magnitude for the -5’ rudder case 
the model of approximately 0.5'. 

to a change in.sideslip angle of 

4.5 Effect of the ailerons 

The model was tested with aileron settings of 0, -IO', and -20' at a 
constant tailplane setting of -4.O. Results for the case of aileron setting 
-IO0 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 0 and 12O. The variations shown 
are non-linear, but with no consistent trends. There is evidently very 
little variation of aileron power with model incidence: this is shown in 
Fig.41, where 4 

F 
has been calculated from the changes in rolling moment 

produced by -20' d.lerrJn 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 

Ukely 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 between the aileron horns and the wings, 
while the yawing moment variations are due mainly to the differential drag 
of the two aikronswhen the wing is at incidence. The latter explanation 
is supported by the fact that the induoed yawing moments are zero at about 
-lo of incidenoe, which almost coincides with the attitude for zero wing 
incidence, viz -20 incidence, when the two ailerons 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 inoidence: it 
may be fortuitous in that, as incidence increases, the fin is moving out of 
the region influenced by the aileronsand that the reduction of side force 
expected for this reason cancels the increase due to the increase of side- 
wash with incidence. As b!ach number increases, so the fin again moves out 
of the region 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 si nificant changes in the lateral 
derivatives nv, yv and .ev, (Figs&+ to 46 F . The vnriations of nv with 
incidence (Fig&) show a reversal of the effect of ailerons with increasing 
Mach number: at M = 2.00 aileron movement results in a loss of nv but by 

b'i = 2.70 aileron movement causes an increase in nvD yv variations (Fig.45) 
are similar, but much smaller in magnitude than those of nvo Generally, 

aileron movement causes loss of -ev (Fig.46), but this effect is irregular. 

The effect of the ailerons on longitudinal stability is shown in 
Fig.47: stability is increased as a result of aileron movement. 

4.6 Effect of the airbrakes 

Tests were made with the airbrakes in the fully-open position and tail- 
plane settings of -4.O and -loo. The results are compared with those for the 
model with the airbrakes closed. 

The effect of the airbrakes on drag is shove in Figs.48 and 4.9. The 
increment in minimum drag due to opening the airbrakes changed i.nsignifioantly 
with tailplane setting and so only the case for a tailplane setting of -k" is 
shown in Fig.48. The mean value of C, over all Nach numbers for the configura- 

tion with open airbrakes and tailplane setting -4.' was found to be +O.OOl. 

The sirbrakes were found to affect both longitudinal and lateral 
stability. The effects of the airbrakes on longitudinal stability are shown 
in Fig.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 
tailplane setting, which is no doubt a result of the complications added by 
the wake from the airbr‘akes 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 -100, are 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 -yv and nv, 
(Figs.53 and 54 respectively). 
were observed. 

No significant effects of airbrakes on dv 

5 CONCLUSIONS 

Results of the tests for Mach numbers of 2.00, 2.20, 2.4-O and 2.70 
described in this report show the following main conolusions:- 
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1 Longitudinal stability changes appreciably with changes in Xach 
number, incidence and tailplane setting at the higher Kach nurribcrs 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 Yawing moment due to sideslip increases with incidence up to 
about 8' due to the influence of the tailplane but falls wigh increasing 
negative tail setting and with increasing incidence above 8 . For the 
trinzned canfiguration nv 

Aileron movement results 
an increase of nv at the 
in a small loss of nv at 

decreases with incidence for all positive incidences. 

in a loss of nv at the lower test Iaach numbers and 
higher liach nuxibers. Cpening the airbrakes results 
all Kach numbers. 

3 Rolling moment due to sideslip is decrcxed by increasing negative 
tail setting, but shows no regular variation u;ith incidence, though the fin 
contribution decreases with incrcasir incidence. Gcncrally, aileron move- 
ment results in a loss of -dv. 

4 Aileron movement produces large 
variations with incidence. 

side force and yawing moment 

The author is grateful to Hr. C, F. lWlard for his work in preparing 
most of the figures for this report. 
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LIST OF SYKEKXS 

Aspect ratio of nominal wing planform 

wing SW 
Standard mean chord of wing 

Gross area of nominal wing planfom,l 

Free-stream dynamic pressure 

Free-stream Mach number , 

Lift coefficient = Lift force/qS 

Side force coefficient = Side forcc;/qS 

Drag coefficient = Drag force/qS 

Pitching moment coefficient = Pitching moment/qSz 

Rolling moment coefficient = Rolling momcnt/qSb 

Yawing moment coefficient = Yawing moment/qSb 
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LIST 03 SXUBOIS (Co&d..) 

Angle of inoiiknoe of nacelle centre lines 

Angle of sideslip 

Tailplane angle relative to nacelle centre lines 

Rudder angle 

Aileron angle 

Downwash angle relative to the free-stream direction 

Side foroe due to sideslip = 4 X$/a@, /3 in radians 

Pawing moment due to sideslip = ayap, p in radians 

Rolling moment due to sic&lip = aC,/ap, 0 in radians 

Yawing moment due to rudder = X I/ IrG, Z in radians 

Rolling moment due to aileron = XJdt& C in radians 

Minimum drag coefficient 

Lift coefficient corresponding to CD = CD 
0 

Induoed drag factor = xA. q-jia(q- CL,' 2 

Cross-sectional area of free-stream tube swallowed by either 
nacelle duct 

Area enclosed by cowl lip of either nacelle 

. 
Ref.No. Author(s) Title, etc. 

1 Taylor, C.R. 
Cook, T.A. 

Supersonic wind tunnel tests on a 
l/d2th scale model of the 
Bristol Type 188 rcsdarch aircraft, 
Fart I, !! = I.4 to 2.0. 
Part I of this Current Paper, 

2 Leathers, J.?'T. Low spesd irird tunnel tests on a l/lOth 
scale model of a twin jot aircraft, Bristol 188. 
~Ey~g'fote No. Aero 2515, ARC 20047 

. 
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Ref'.No. Author 

3 squire, L.C. 

4 Landon, R.H. 

LIST' OF REFETaJaS (Con-M) 

Z.tlc, etc. 

Wind tunnel tests up to I;i = 2.0 on a model of 
the supersonic research aircraft ERl34 
(Bristol 188). 
W Report 30. Aero 2633, ARC 22,064 
December 1959. 

Longitudinal and lateral stability tests 
and effects of controls on a 1/12th soak 
model of the Bristol Type 188. 
Unpublished Aircraft Research Aasocn. Report. 
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Principal details of the model 

Scale : l/l 2th 

Area s (gross) :- 
Span b:- 
Aspect ratio A:- 
Standard mean chords:- 
herodynsunic mean chord g:- 
Distance of leading edge of c 

aft of leading edgo of inboard ming:- 
Dihedral:- 
Ying-body (and wing-nacelle) angle 
Sweep back of leading edge:- 

Inboard of nacelles:- 
Outboard of nacelles:- 
Aileron horn:- 

Sweep forward of trailing edge:- 
Section (excluding aileron horns):- 

Biconvcx, circular arc, with 
sharp 1Gading edge, t/c = 4$; 
maxtixum thickness at 55;[; on 
inboard wing, rind 51;$ outboard. 

Section (aileron horns):- faired from above to 
8,: RAE 104 at tip 

Gap between wing and aileron horn:- 

Fuselage: 

Leng-th:- 

Fin: 

Area:- 
Sweep back of leading edge:- 
Section:- 

Xodified RAE 104 with constant maximum thickness. 
I.& t/c at tip chord 

Tailplane: 
Area:- 
span:- 
Aspect ratio:- 
Root chord:- 
Tip chord:- 
Seotion:- l&Xi circular arc. 
Height of tailplane pivot above nacelle datum lines:- 
Distance of pivot aft of moment refercncc point:- 

Nacelles: 
Distance of nacelle centre-lines outboard of fuselage 

centre-line:- 

Airbrakes: 
Forward brakes: 

Gross area:- 
Open area:- 

2.75 ft2 
2.924 f’t 
3.108 
0.941 ft 
1,025 ft 

0.143 f-t; 
0 
2O 

0 
38O 

%” 
5 

0.008 in. 

5.917 f% 

O&a28 ft2 

0.484 ft2 
1.292 ft 
3.4 
0.5 f-t 
0.25 ft 

0.682 ft 
2.418 ft 

0.625 ft 

2 
3.03 ino2 
0.89 in, 
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TABLE I (CCNTD.) 

Airbrakes (Con&) :- 
Aft brakes: 

gross area:- 
open area:- 

R_oughness bands: 
Wings: band width:- 

position of forward edge:- 

Aileron horns:- band width:- 
position of forward edge:- 

Fuselage: band width:- 
position of forward edge:- 

Fin: band width:- 
position of forward edge:- 

Tailplane: band width:- 
position of forward edge:- 

Nacelle oowls: band width:- 
position of forward edge:- 

Nacelle centre bodies: band width 
position of forward edge:- 

TABLE 2 

List of configurations tested 

3.05 ilL2 
0.79 b-h2 

$ of chord 
2'& of chord 2P 

0.25 in. 
0~25 in. aft of 
leading edge 

0.5 in. 
1.0 in. aft of nose 

0.5 in. 
at leading edge 

0.5 in. 
0.25 in. aft of 
leading edge 

0.5 in. 
0.25 in. aft of lips 

0.5 in. 
0.25 in. aft of apex 

I 
I 

Configuration 
i 

1 

: 
4 

2 
7 
8 
9 

10 
11 
12 

Clean airoraft; 
Clean aircraft; 
Clean aircraft; 
Clean aircraft; 
Clean siroraft; 
Ailerons -10' ; 
Ailerons -20' ; 
Ailerons -20’ ; 
Rudder -2.5O ; 
Rudder -5.0’ l 

Airbrakes open; 
Airbrakes open; 

taXiplane -4O A 
tailplane -IO0 A 
tailplane -l&O E 
tnilplam off A 
tailplane and fin off A 
tailplane 4.t" c 
tailplane -4' C 
tailplane and fin off C 
tailplane -4' c 
tailplane -4' c 
tailulane -4' C 
tailplane -10' C 

- 16 - 



Model attitude ranges 

Lnoidencc Sideslip (degrees) 
(degrees) ' 

Range A Ra.qy?3 Range C 

-4 0, 52 0, 52 0, 52 
-2 0, 22 0, It2 0 

0 0, 9, 22, +4, 4.6 0, fl, 5, +4, +G 0, 21, 22, +Lc, 4-6 
2 0, "2 0, +2 0 
4 0, 21, 22, i-4, +G 0, 51, 52, d-4, -6 0, 21, +2, -1-& +6 
6 0, 52 0, +2 0 
8 0, t1, 52, +4, 4-6 o, 5-1, t2, +~t, +6 0, fl, 22, +4, +6 

IO 0, 52 0, 22 0 
12 3, rt2 0, 52 0, "2 
14 0 0 0 
16 - 0, 52 
18 - 0 
20 - 0, t2 
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d 

FIG. I. GENERAL ARRANGEMENT OF MODEL AND SUPPORT SYSTEM 
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FIG. 3. DUCT MASS FLOW 
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FIG. 4 VARIATION OF CL WITH oc: AT 
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FIG. 5. VARIATION OF CL WITH ec AT 
CONSTANT MACH NUMBER : rl = -IO* 
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FIG. 6. VARIATION OF CL WITH oc AT 
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FIG. 7. VARIATION OF CL WITH c>( AT 
CONSTANT MACH NUMBER: 

TAILPLANE AND FIN OFF 
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(a) M = 2*70 

I 0.4 SYMBOL TAIL SETTING 

Gl A - 14O 
X - IO0 
0 - 4O 
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FIN OFF 

?!!?kAr 

(b) M = 2 -40 

FlG.8. VARIATION OF Cm WITH CL AT 
CONSTANT MACH NUMBER 
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0 TAlLPLANE AND 
FIN OFF. 

(c) M = 2-20 

FIG. 8. (CONCLUDED) 
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FIG. 9. LIFT- CURVE SLOPES AT 
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FIG. l0. LONGITUDINAL STABILITY SLOPES AT 
ZERO LIFT. 
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FIG. I I. VARIATION OF -Km/XL WITH CL 
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FIG. 11. (CONC.) 
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FIG. 12. VARIATION OF MEAN TAILPLANE 
POWER WITH MODEL INCIDENCE. 
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FIG. 13. VARIATION OF MEAN DOWNWASH AT 
POSITION OF TAILPLANE WITH 

MODEL INCIDENCE. 
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TAILPLANE L.E. SHOCKS. 

/ WIN$ T.E. SHOCKS. 

REFLECTION OF NACELLE 
LIP SHOCKS FROM FUSELAGE. 

/ 
FIELD. 

/ 

CANOPY SHOCK AND 

EXPANSION FIELD. 

NACELLE EXIT, FIN 

SHOCKS ETC. 
SHOCKS FROM 
NACELLE LIPS. 

WIN4 L.E. SHOCKS. 

WINGi T.E. EXPANSION, 

FIG. 19. EXPLANATION OF SCHLIEREN 
PHOTOGRAPH OF MODEL AT M=2070 AND a=8? 
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FIG. 21. TAILPLANE ANGLE TO TRIM. 

TRIMMED LIFT COEFFICIENTS. 
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FIG. 22. TAILPLANE ANGLE TO TRIM FOR THE 
FULL-SCALE AIRCRAFT. 
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FIG. 23. INCIDENCE TO TRIM FOR THE 
FULL- SCALE AIRCRAFT. 



FIG. 24. VARIATION OF Cy WITH j3 AT 
CONSTANT MACH NUMBER: ~‘-4’; at=+4: 
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FIG. 25. VARIATION OF Cn WITH p AT 
CONSTANT MACH NUMBER: q=-4O; w--+4? 
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FIG. 26. VARIATION OF CQ WITH j3 AT 
CONSTANT MACH NUMBER: I)=-4’; oc=+4: 
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FIG.27 VARIATION OF n, WITH INCIDENCE 
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FIG, 28. VARIATION OF n, WITH INCIDENCE 
FOR TRIMMED CONFIGURATION. 
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FIG. 29. VARIATION OF yv WITH INCIDENCE. 
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FlG.30. VARIATION OF 4v WITH INCIDENCE 
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FIG. 31. VARIATION OF CD WITH CL AT 
CONSTANT MACH NUMBER :q = - 4’ 



.  

.  

c 

-0*4 
(L 

-0.0 

-0-O 

J 
-+’ 

0 o-2 

c,=o 

M=2 

FOR 

*TO 

Co=OFOR 

M =2*40 

Co=OFOR 

M s 2.20 

Co =O FOR 

o-4 0.6 C, 0.8 M= 2.00 

FIG. 32. VARIATION OF C ,, WITH C, AT 
CONSTANT MACH NUMBER :?)= -IO? 
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FIG.33 VARlATlON OF C, WITH q AT 
=NSTANT MACH NUMBER: q= -14’ 
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FIG.36.VARIATION OF MINIMUM DRAG COEFFICIENT b 
WITH MACH NUMBER. 

TAILPLANE AND 

COMPLETE MOOEL 

PRESENT TESTS 

FlG.37. VARIATION OF INDUCED DRAG FACTOR 

WITH MACH NUMBER. 
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TO RUDDER WITH RUDDER SETTING 
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FIG. 39. VARIATION OF MEAN YAWING 
MOMENT DUE TO RUDDER WITH INCIDENCE. 
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FIG. 41. VARIATION OF MEAN ROLLING MOMENT 
DUE TO AILERONS WITH INCIDENCE. 
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FIG.43. YAWING MOMENT AT ZERO SIDESLIP 
DUE TO -20’ AILERON SETTING 
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