
C.P. No. 798 

MINISTRY OF AVIATION 

AERONAUTICAL RESEARCH COUNCIL 

CURRENT PAPERS 

Wind Tunnel Tests at 
Mach Numbers up to 1.8 on a 

Model with 1136 Scale Wings and 
Nacelles of a Twin-Engined 

Supersonic Aircraft (Bristol 188) 
bY 

E. P. Sutton, P. G. Hutton and L. C. Squire 

LONDON: HER MAJESTY’S STATIONERY OFFICE 

I965 

PRICE 12s 6d NET 





u.D.C. No. 533.6.011.35/5 Brisf;ol 488 

C.P. No. 798 

February, 1958 

WIND TUNRBL TESTS AT MACH IYUMEQ3RS UP TO I. 8 ON A FIODEL 
WITH j/36 SCALE WINGS AND NACELLES OF A TWIN-ENGINE SUPERSONIC 

AIRCRAFT (BRISTOL 188) 

E.P. Sutton, P.G. Hutton, and L.C. Squire 

Tests have been made in the R.A.E. Dedfsrd 3 foot tunnel on a model 
representing the exposed wing and nacelles of the Bristol 188 aircraft, 
mounted on an ogive-cylinder body. The wing wa s unswept inboard but had a 
swept-back leading cdgc outboard of the nacelles. Lift, drag, and pitching 
mcment, and rolling moment due to aileron deflection, wcrc measured at Mach 
numbers betvcen 0.7 and 1.02 and between 1.4 and 1.8 at a Reynolds nuniber 
of 1.7 x +iO d based on mean aerodynamic chord. 

At high subsonic speeds separations on the unswept inner wing dorninatc 
the characteristics cf the model at incidence. Fitting leading edge vortex 
generators delays the effects of leading edge separation. The horn-balanced 
ailerons are effective throughout the test range. 

The surface oil-flow technique was used as an aid to interpretation cf 
the measurements. 
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1 INTRODUCTION 

In order to obtain preliminary data on the aero@namic characteristics 
of the wing of the Bristol 188 supersonic research aircraft a simple model 
has been tested. The aircraft design has two engines in long nacelles on 
the wing, which is unswept inboard .of the nacelles and has a swept-b%k 
leading edge ou%board of the nacelles. The fuselage is long and slender. 
The wing planform was designed to give a smaller and smoother transonic shift 
of aerodynamic centre than that of a simple unswept tapered wing of similar 
aspect ratio. 

The model consisted of the exposed wing to l/36 scale mounted on a body 
of about twice the scale diameter of the aircraft fuselage, in order to allow 
an existing strain gauge balance to be utilised for the tests. The effect of 
the large body on the results is discussed briefly in the Appendix. 

The tests ccnsisted mainly of measurements of lift, drag and pitching 
moment at high subsonic, transonic and supersonic speeds, including brief 
investigations of the contribution of the nacelles* and of the effect of 
adding leading edge vortex generators, which have been proposed as means of 
increasing the maximum usuable lift coefficient at low speeds. Measurements 
of the effectiveness of the horn-balanced aileron were also made. 

Further tests on mo.lels of the Bristol 138 in the 3 foot tunnel, to be 
reported, include measurements of lift, pitching moment, side force, yawing 
moment and rolling moment cn a oomplete model, exploratory measurements of 
downlvash at the tailplane position, and measurements of aileron hinge moment 

i on a partial model, 

2 DETAILS OF TKE TESTS 

2.1 Description of the model 

The general arrangement of the model is shown in Figure 1, and some 
dimensions cf the model are listed in Table I, and wing section data are given 
in Table 2. 

The model was made of steel, with a very high standard of surface 
finish. The wing was mounted symmetrically** on an ogive-cylinder body, with 
long nacelles attached near mid-semispan and horn-balanced ailerons outboard 
of them. 

The centre section of the wing, inboard of the nacelles, was unswept 
and untapered. Outboard of the nacelles, the leading edge was swept-back at 
en angle of 38’ as far as the nose of the aileron horn (see below}, and at 
64' over the horn. The trailing edge was swept forward 3’ outboard of the 
nacelles. 

The wing section (Table 2) was a symmetrical 4% thick biconvex circular 
arc section inboard of the aileron horn, changing smoothly to a section with 
a rounded leading edge over the span of the horn; the trailing edge had a 
finite thiclmess of about O.O&,, chord throughout the span. 

* These tests included some with the nacelles blocked; they were made to 
find the possible effect of spillage on the wing flow, and also to investigate 
the technique of testing models with the nacelle entry shape correct but the 
nacelles blocked just inside the inlet, 

** The wings of the aircraft design are set at 2' to the body. 
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The ailerons were integral v"ith the wing, and were deflected by bending 
along grooves machined in the wings as shown in Figure 2. The gaps between 
the inboard end of the aileron and the wing and between the horn and the wing 
were cut 0,012 inch v&de, whereas the scale width would have been 0.003 inch. 
The ailerons were not cut until the tests on the basic model had been 
completed. In later tests, with ailerons undeflected, the aileron hinge 
grooves and gaps were sealed rigidly with Araldite; in the aileron tests the 
hinge grooves only were faired with ylasticene. 

For some tests leading edge vortex generators, shown in Figure 2, were 
fitted in the corners between the inner wing leading edge and the body and 
nacelles. They were made of 0.002 inch thick metal sheet attached in the 
wing chord plane, and were faired to the wing y:Irith Araldite. 

The nacelles were cylindrical over the greater part of their length, 
mounted in a mid-wing position at an angle of 2O, nose-down relative to the 
chord plane. They had centre-b&y intakes with sharp lips. Figure 2 shows 
the shap cf the ducts and the distribution of cross section area along them, 
The nacelles could be removed for tests of the plain wing and body combination. 

2.2 technique Experimental 

The tests were carried cut in the R.A.E. (Bedford) 3 ft tunnel, using 
the supersonic xzorking section' 
slotted side liners2. 

and the transonic working section with 
The model was mounted on a sting. A five-component 

internal strain gauge balance was used to measure normal force, pitching 
moment, rclling moment, yawing moment and side force, or, alternatively, a 
three-omponent balance to measure normal fcrce, pitching moment, and axial 
f orcee The latter balance was limited by strength to use over an incidence 
range up to about IO0 and in so,ne eases the five-component balance was used 
to extend the measurements of normal force and pitching moment to higher 
incidences. 

Base pressure was measured by means of a pressure lead to a point inside 
the model. No measurements were made of the flow through the nacelles. 

To ensure that the boundary layer was turbulent, the leading edge of 
the wing was roughened by the application of a mixture of fine oarborundum 
pavder in aluminium paint, back to 1% chord on both surfaces. 

For the transonic tests the roughness band had a base of paint about 
0.001 inch thick from which the carbcrundum grains formed projections about 
0.0015 inch high. A coarser powder was used for the supersonic tests, making 
the height of the projections about 0.0025 inch. A similar rcughness band 
0.5 inch wide was applied to each nacelle 1.5 inches aft of the lip, and a 
wire of diameter 0.005 inch was attached to the body 2.5 inches from the nose. 

Some observations were made cf the flow cf oil on the wing using the 
technique described in Reference 3 and further discussed and illustrated in 
References 1~ and 5. 

2.3 Rae of the tests 

The Mach numbers at which tests were 3one were 
0.98, 1.02, 1.42, 1.61 and 1.82. 

0.70, 0.80, 
0.94, 

0.85, 0.90, 

dynemic mean chord was 1.7 x 106. 
The Reynolds number based on aero- 

In general, normal force, axial force and pitching moment were 
measured on the complete model at angles cf incidence up to beti7een go and 
14O. Some of these measurements were repeated with the nacelle flow blocked 
and with the naoelles removed. 
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For the aileron tests the ailerons were bent to combinations of alqroxi- 
mately 0, 5O, and IO0 down on the port wing with 0, 501 and IO0 up on the 
starboard wing. The actual angles and combinations are listed in Table 3. 
Measurements of normal force, pitching moment, rolling moment, yavtig moment 
and side force were made with the ailerons deflected, at several subsonic 
and supersonic Mach numbers, at angles of incidence up to 7O. 

Observations of surface oil flow were made at various angles of 
incidence at Each numbers of 0.80, 0.90, and 1.61. 

2,4 Corrections applied and reduction of results 

The angle of incidence was corrected for balance and sting deflections 
throughout, but no correction was made for changes in aileron angle due to 
aerodynamic loading, except in the derivation of the curves of rolling moment 
due to constant aileron deflection against Mach number (Figure 29). The 
deflection of the aileron as calculated from estimated hinge moments and 
the known flexibility of the spring centre hinges did not exceed O.-lfi'. 

The measurements of axial force were corrected to a body base pressure 
equal to free stream static, but no corrections were made for the internal 
drag of the nacelles. 

No tunnel interference correcticns have been ai>plied, In the supersonic 
tests at Mach numbers of 1.42, 1.6-i and 1.82 the reflection of the modelbow- 
wave from the tunnel walls always passed behind the model. For the transonic 
and subsonic tests small corrections may be needed to Mach number and incidence, 
but insufficient data is available to m&e reliable corrections. 

The balance measurements have been reduced to coefficient form in the 
usual way. The reference dimensians were those of the basic gross wing, 
neglecting the leading edge vortex generators when present. The pitching 
moment coefficients were referred to the aerodynamic mean chord g and a 
moment centre at the mean quarter chord point. 

Whenever possible normal force snd axial force measurements have been 
resolved to lift and drag coefficients. Axial force measurements with the 
three component balance were extrapolated to enable some of the normal force 
measurements with the five component balance at the higher incidence9 to be 
reduced to lift coefficients. The accuracy of determining CL is not greatly 
impaired by the extrapolation, since the contributicn of axial force to lift 
did not exceed 2$. 

h5 kcuracy 

Apart from the possible effects of tunnel interference mentioned above, 
the experimental accuracy is estimated to have been:- 

lift coefficient t 0.005 
pitching moment ccefficient 2 0.002 
drag coefficient ;t 0.001 
rolling moment coefficient ?1 0.001 
side force ccefficient 2 0.001 
yawing moment coefficient 2 0.001 
incidence t O.1° 
aileron deflection 2 0.08O 
&ch number i 0.005 
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3 RESULTS AND DISCUXXOTT 

3.1 Lift, pitching moment and drap of the basic model 

The lift, pitching moment and drag of the basic model (witin nacelles) 
are tabulated in Table 4. ,and plotted in Figures .3, 4 and ?I. 

3.1.1 Lift and pitching moment _ 

Figure 3 shows the variation cf lift coefficient with incidence and 
Figure 16 the variation of pitching moment coefficient with lift coefficient 
for the basic wing, body and nacelle combinaticn over the Mach nuniber range. 

The results at subsonic and transonic speeds will be considered first, 
and the main features of the lift and pitching moment curves summarised. 

At zero incidence there is a small negative lift, due tu the asynnletric 
setting of the nacelles on the wing. Except at I% = 1.02, the lift curve 
slope increases at an angle of incidence of about 2*. At Mach numbers 0.70 to 
0.85 a decrease in lift curve slope occurs at an angle of incidence 5' to 7’ 
<CL = about 0.4 or 0.5), above which the slope remains roughly ccnstant at 
about two thirds of its value at zero incidence. At Mach numbers 0.90 to 1.02 
a decrease in lift curve slope be ins at an incidence vfhich fells from 5O 

@L = about 0.4) at M G 0.90 to 2 8 (CL = abcut 0.2) at H z 1.02, This is 
followed by a sharp loss of lift (or stall) at M = 0.90 at an incidence of yc 
(CL = 0.7) and at M = O.y& at an inc/dence of IO0 (CL = 0.85), beyond which 
there is a substantial recovery to a lift c-e slope of the order of three 
quarters of its initial value. There is a hysteresis effect at the stall; 
lower values of CL were recorded when the angle of incidence was being 
decreased from above the stall than when the incidence was being increased 
from below, At Mach numbers of 0.98 and 1.02 there is no stall within the 
incidence range, but there is a gradual decrease in lift curve slope at the 
higher incidences. 

At Mach numbers of 0.70 to 0.85, Figure 4,shows a reerward movement of 
ac 

the aerodynamic centre (decrease in the slope -$ ), beginning at a low 
(3 M 

lift coefficient of about 0.15, followed by a more rapid rearward movement 
at lift coefficients of about 0.4 to 0,5. Above a lift coefficient between 
0.5 and 0.6 the aerodynamic centre moves ferward again. At Xach nui,&ers O,YO 

/acm' 
to 0.98, there is a well defined reduction in r 

LIJ 
at a lift coefficient 

M 
somewhat belcw that at which a decrease in lift curve slope was noted - 
cL = 0.35 at M r 0.90, falling to CL = 0.2 at M = 0.98. The magnitude of 

the rearward aerodynamic centre movement increases with increasing Mach nur&er. 
A smaller and more gradual rearward shift begins at a lift coefficient of about 
0.2 at a Mach nuMber of 1.02. There is a large nose-down change in pitching 
mcment at the stall at Mach nurribers of O,yO and 0.94; after the stall the aero- 
dynamic centre position is further back thsn before. At M = 0.98 and 1.02 the 
stability remains roughly constant at the higher lift coefficients. 

The re ults at Mach numbers up tc 0.85 resemble these of the low speed 
tunnel tests % ~7; this suggests that leading edge separations of the long 
bubble type occur at incidence in this Mach nurriber range, as in the low speed 
tests. This was verified by observations of surface cil flog on the model at 
a Mach number of 0.8. Photographs of upper surface oil flow patterns obtained 
are reproduced in Figure 5. Figure 5(b) sh ows attached chordwise flow over 
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the inner wing at an incidence of 2.1’. As incidence is increased, the 
appcarancc and growth of a region of undisturbed oil behind the roughness 
band at the leading edge of the innor wing show that a leading edge 
separation bubble begins to grow rapidly here at an incidence of about k", 
ext;ends to near mid-chord at an incidence of 5.4', and does not close 
on the wing at all at an incidence of 8.50. 
wing at 6,4O in Figure 5(d) 

{The oil pattern on the inner 
is imperfectly developed,) At 8,5', the oil lines 

near the trailing edge of the inner wing indicate forward flow, The oil flow 
lines on the side of the nacelle give some indication of the growth of the 
bubble. Leading edge separation oc urs 

8 
&LSO on the outer wing, but develops 

in a way more typical of swept wings . In Figure 5(c) at an incidence of 4.3O 
a region of spenwise oil flow near the leading edge, outboard of the nacelle 
but inboard of the horn, is taken as evidence of leading edge separation; 
over the horn, spiral lines in the surface pattern of flow, typical Of a 
leading edge vortex separation can be seen. By 6.4O incidence (Figure 5(d)) 
a single spiral vortex sheet appears to be formed by separation from the 
leading edge of the whole of the outer wing; a dividing line between s~anwise 
surfaue flow under the vortex sheet and chordwise surface flow dsvJnSixfmlI Of 

it extends from the junction of leading edge and nacelles. As the incidence 
is further increased, the region of strongest influence of the vortex sheet 
on the surface flow swings inboard, and the area of undisturbed oil at the 
tip grows; the oil flow pattern at the tip is not fully developed, but 
suggests a rear or secondary separation line under the vortex sheet moving 
inboard with increasing incidence. 

A probable explanation of the lift and pitching moment characteristics 
at a Mach number of 0.8 and, in view of the similarity of the curves, at 0.70 
and 0.85 also, is as follows. The increase in lift curve slope at low 
incidence and the beginning of the rearward movement of the aerodynamic centre 
are due mainly to the develomnt of the leading edge separation vortex sheet 
over the outer wing, first at the tips and then in towards the nacelles, The 
acceleration of the rearward movement of the aerodynamic centre and the 
reduction in lift curve slope occur as the separaticn bubble on the inner 
wing spreads towards the trailing edge, until re-attachment no longer takes 
place and the inner wing stalls9. At higher incidences, the outer wing 
supplies an increasing fraction of the lift, and the gradual reduction in 
stability that is observed is du, 0 to loss of lift at the tip as the core of 
the leading edge separation vortex sheet moves inboard&. 

A few oil observations that were made at a Mach number of 0.90, but not 
photographed, showed that a shock-induced separation occurs on the inner wing 
before the leading edge separation as incidence is increased, as on the wing 
of Reference 5. The flow pattern over the outer wing is broadly similar to 
that at M z 0.8 in Figure 5. For example, at 7O incidence (OL = 0.6) shock- 
induced separation occurs at about 25% chord, with reattachment at 4-276 chord. 
Following Scott-Wilson's snalysis5, it may reasonably be supposed that the 
reduction in lift curve slope and the increase in stability observed at 
progressively lower angles of incidence at Mach numbers of 0.90 to 0.98 are 
due to the onset of shock-induced separation on the inner wing, and that the 
sudder + stall at higher incidences, accompanied by a nose-down change of 
pitching moment, are due to a sudden forward movement of the separation point 
to the leading edge. The hysteresis effect at the stall is probably assooiated 
with differences in the transition between shock-induced separation and 
leading edge separation as incidence is increased and the change back to 
shock-induced separation as incidence is decreased. The relatively greater 
lift ourve slope after the stall than that of the unswept tapered wing of 
Reference 5 is unduubtedly due to the maintenance of lift over the outer wing 
after the stall on the inner wing. It is not clear, without further evidence, 
whether shock-induced separation occurs at a Mach number of 1.02 or not. 
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Thus it may be said that the aerodynemic characteristics of the model 
at incidence at high subsonic speeds are dominated to some extent by those 
of the straight inner wing, on which a long bubble type of leading edge 
separation ocours first, at Mach numbers of up to 0.80 at least, and shock 
induced separation further aft occurs before leading edge separation at &ch 
numbers of 0.90 and above. To illustrate this, some comparisons are shown in 
Figure 6 between the lift and pitching moment of the present model and of the 
tapered unswept wing of Reference 5, on which wing flow patterns of this type 
are known to occur. 

At supersonic speeds the curves of lift coefficient against incidence 
are almost linear, but reductions in stability occur at lift coefficients 
above about 0.4 at M = 1.42 and 0.3 at M = 1.82. At the latter Msch nusiber, 
the aerodynamic centre moves forward by abcut 2% chord between CL = 0 end 0.5 
and by a further 2% chord between CL = 0.5 end 0.8. Similar changes in 
stability, thought to be due to relatively smaJ.1 areas of shock-induced 
separation near the trail- edge, 10 are observed on the tapered straight wing 
referred to above and on a delta wing with attached flow at the leading edge8 
at supersonic speeds. The reason why there is no loss of stability at 1.61 
is not fully understood. 

Figure 7 shows curves of variation of lift coefficient at constant 
angles of incidence of O", 3O and 6' over the Mach number range. The lift 
coefficient at zero incidence varies between -0.02 and -0.032, and the angle 
cf incidence for zero lift between 0.3' at high subsonic speed and 0.55O at 
M = 1.8. The variation of lift curve slope (averaged between -2O and +2' 
incidence) with Mach nwiber is shown in FiLrure 8. For the complete model 
the lift curve slope increases from 0.071 per degree at M = 0.70 to 0.101 at 
M= 1.02. At M = 1.42 it has fallen to 0.071 again, and at M = 1.82 it is 
0.059 per degree. 

The lift curve slope for the body alone is also included in Figure 8 
and is almost constant throughout the Mach number range. 

Curves of the pitching moment coefficient at lift coefficients of 0 
end 0.3 against Mach number are given in Figure 9. The value of Cm at zero 

lift varies between -0.003 end -0.009. The variation of aerodynamic centre 
position at zero incidence (again averaged between -2' and +2O) is shown in 
Figure IO for the complete model. There is a gradual rearward shift from s 
to 9% aerodynamic mean chord between M = 0.70 and 0.94, followed by a more 
rapid shift to 21% chord at M = 1.02, At a Mach nunioer of 1.42 the aero- 
dynamic centre of the model is at the mean querter-chord point of the wing, 
and there is a further small rearward movement to about 27% aerodynamic mean 
chord between M = 1.42 and 1.82. Thus the total rearward shift of the 
aerodynamic centre over the Mach number range of the tests is 22% aerodynamic 
mean chord. 

acL Values of - "rn 
and dCL - for the basic model, end for all the other 

da 
tested configurations, are tabulated in Tables 9 and IO. 

3.1.2 Drag 

Figure II shows the drag coefficient plotted against lift coefficient, 
CL, and Figure 12 the drag coefficient plotted against CL" over the Mach 

nuniber range of the tests. 
% At subsonic a.nd transonic speeds the slope - 
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begins to increase at about the same lift coefficient as that at which there 
is a marked inc;;ase in stability (Figure 4). Like the increase in stability, 

D the changes in - 2 are probably due to flow separations at the leading edge, 

aCL 
as descri3ed in the previous section. 

The variation of CD 
0 

with Mach number is plotted in Figure 13, and 
0 

the variation of CD at CL = 0, 0.2 and 0.4 with Mach number in Figure 14. 

0 
CD is tabulated in Table 11 for all the configurations tested. 

0 

For the complete model the zero-lift drag coefficient remains almost 
constant at 0,Ojl up to M 
0.032 at &I = 0.94. 

= 0.90, after which it increases gradually to 
Beyond this the drag coefficient rises sharply to O.&l 

at M = 1.02. At supersonic speeds the drag coefficient for the ccmplete 
model is greater than at M = 1.0, being 0.C4.7 at M = 1.4 and falling to 
0.042 at M = 1.8, 

In Figure 15 the induced drag factor at zero lift, , and a 

F mean induced drag factor for the range of lift coefficient from 0 to 0.3, 

are plotted against Mach number. This figure 

also shows the induced drag factor (1.0) for a wing with elliptic loading and 

full leading edge suction at subsonic speeds and nA 
i 

acL r , which would be the 

induced dxag factor for the measured lift curve slcpe in the absence of 
leading edge suction. It will be seen from the figure that below M = 0.95 
the measured induced drag factor lies abcut half way between these two values, 
but that between M = 0.97 and 1.02 it rapidly approaches the case with no 
leading edge suction. At supersonic speeds the measured value is again close 
to the no-leading-edge-suction value. 

The variation of CD 
0 

due to the body alone is also plotted in Figure 13. 
0 

3.2 Contribution of the nacelles to lift, pitching moment and drag 

3.2.1 Results of tests on the model without nacelles 
. 

Values of lift coefficient, pitching moment coefficient, and drag 
coefficient for the body and wing without nacelles, at Mach numbers of 0.80, 
0.90, 1.02, and 1.61, are presented in Table 5, and in Figures 16, 17 and I8 
they are compared with those for the complete model. 

Without the nacelles, the model was nominally symmetrical and the small 
positive lift and negative pitching moment recorded must be due to accidental 
asymmetries of the model or the flow. It will be seen that in general the 
nacelles contribute a small negative lift and a reduction in stability. Their 
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effect on the lift curve slope at low incidences is small, except at a Mach 
nusiber cf 1.02, (see Table 9). The lift curve slope of the complete model 
varies rapidly with Mach nuxiber near M = 1.02, as was seen above, and the 
difference in lift curve slope could be due to a relatively small increase 
in local Mach nurriber at the wings when the nacelles are added. The reduction 
in stability at low incidences due to adding the nacelles corresponds to a 
forward movement of the aerodyne&c centre by about % of the aerodynamic 
mean chord, except at M = 1.02, where again the change in local Mach number 
due to adding the nacelles may account for the inconsistency. 

The effects of the nacelles on lift and stability at the higher 
incidences at subsonic speeds correspond to earlier occurrence or development 
of leading edge separation on the inner wing in the presence of the nacelles. 
Thus at a Mach nuxriber of 0.80 the rapid rearward movement of the aerodynamic 
centre, associated above with the growth of the separation bubble on the 
inner wing towards and beyond the trailing edge, begins at an incidence of 
abcut 5' for the complete model but 70 for the model without nacelles. At 
a Mach number of 0.90 the complete model stalls, when separation OCCU?+ at 
the leading edge, at about 9' incidence, while the model without nacelles 
has not stalled at an incidence of 9.6O (the highest at which it was tested 
at this Mach number). These differences are presumed to be caused nkinly by 
the increase in upwash angle at the leading edge of the inner wing due to the 
flow about the nacelles at incidence. At a Mach number of 1.02, on the other 
hand, the differences between the shapes of the lift and pitching moment 
curves with and without nacelles appear to be due principally to the effect 
of the nacelles on the local Mach number at the wing, for the increase in the 
lift curve slope and stability of the model without nacelles at a lift 
coefficient of about 0.2 resemble those of the complete model at a Mach number 
of 0.98 (Figure 4). It is interesting to see that at M = 1.61 a decrease in 
stability occurs at a lift coefficient of 0.35, similar to those observed on 
the complete model at Mach nuaibers of I.42 and 1.82 but not 1.61, and 
attributed above to shock-induced separation near the trailing edge. , 

The increment in drag coefficient due to the nacelles is relatively 
constant over the whole range of the tests (Figure 18). It amounts to nearly 
a half of the drag coefficient at zero lift at a Mach nuniber of 0.80 and one 
third at a Mach nuder of 1.61. A large part of this increment is likely to 
be the internal drag of the flow through the nacelles. 

3.2.2 Results of tests on the model with no flow through the nacelles 

The results of tests with the nacelle ducts blocked, at Mach numbers of 
0.80, 0.90, 1.02 and I. 61 are tabulated in Table 6 and compared with the 
results of tests on the model with the nacelle ducts open in Figures 19 to 21. 

The differences in lift and pitching moment are small, except at lift 
coefficients above 0.5 at M = 1.02 where the stability of the model is 
increasing with flow through the nacelles, but decreasing without flow 
through (Figure 20). The drag of the model (Figure 21) is almost the same 
at subsonic speeds with and without internal flow, but at a Mach number of 
1.61 blocking the nacelles increases the drag coefficient by 0.014, more than 
a third of the drag coefficient at zero lift of the model with internal flow 
through the nacelles. Expressed in terms of the combined inlet area of the 
two nacelles, the incremental drag coefficient at this Mach number is 0.9. 

From the testing-technique point of view these results suggest that 
flew through the nacelles in configurations of this type is not essential 
for accuracy of lift and pitching moment measurement% 



3.3 Lift, pitching moment, and drap of the model with leading edge vortex 
penerators 

In Table 7 and Figures 22 to U, the results of lift and pitching moment 
measurements over the whole Mach number range with and without leading edge 
vortex generators on the inner wing are compared. 

The effects of the vortex generators on lift and pitching moment at low 
angles of incidence barely exceed the limits of experimental error, but they 
produce a small forward movement of the aerodynamic centre of about 1% chord. 
Their chief influence is at higher incidences at subsonic speeds. Thus at 
&ch numbers of 0.7 to 0.85 they reduce the loss in lift curve slope and 
rearward shift of aerodynamic centre at lift coefficients above O.,!+. In this 
Mach number range, as at low speeds6, vortices shed from the highly swept 
edges of the vortex generators and passing downstream above the upper surface 
of the inner v&ng retard the growth of the long bubble separation from the 
leading edge; this was confirmed by surface oil flow observations, At a 
Mach number of 0.90, the vortex generators delay the sudden stall associated 
with leading edge separation from an incidence of 9' to at least 9,7’, the 
highest incidence at which they were tested. They have no significant effect 
on the resrward shift of aerodynsmic centre with increasing incidence at lower 
lift coefficients at Mach numbers of 0.90 to 0.98, attributed in section 3.1.1 
to the onset of shock-induced separation on the inner wing. Surface oil flow 
observations appear to show that no separation occurs at the shock at a lift 
coefficient as high as 0.77 at M = 0.90 with the vortex generators on, however, 
while in the absence of vortex generators the occurrence of shock-induced 
separation has been confirmed at a lift coefficient of 0.6, Some similar 
results have been found by Pearcey in some unpublished work at the National 
Physical Laboratory. It is believed that they era due to the fact that the 
shock may be stronger, and followed by an expansion, when vortex generators 
have led to unseparated flow, The pressure distribution is then qualitatively 
similar to that on the wing with separation, and the overall forces will also 
be similar. 

At supersonic speeds the main effect of the vortex generators on lift 
and pitching moment is the small fcrward movement of aerodynamic centre 
referred to above. In addition, a somewhat sharper reduction in stability 
at M = 1.82 near CL = 0.3 is observed with vortex generators present thsn 
without them, 

The effect on drag coefficient, shown in Figure 24, is small, except 
where at the higher angles of incidence at Mach numbers between 0,8 and 0.9 
they increase the lift coefficient and reduce the drag due to lift. 

It may be expected that the vortex generators will give an increase in 
the maximum usable lift coefficients at subsonic Mach nwnbers up to 0.85 at 
least, without having any adverse effect on performance or stability at 
subsonic or supersonic speeds. 

3.4 Effect of the aileron edge gaps on lift and pitching moment 

Ueasurements were made, at Mach numbers of 0.80, 0.90, 0.98, 1.42, and 
1.82 of the lift and pitching moment on the model with the ailerons undeflected 
but with the chordwise gaps at the inboard end of the aileron and at the in- 
board edge of the aileron horn unsealed, The results are included in Table 8, 
and are compared with the results obtained with the gaps sealed in Figures 
25 and 26. 

The effect of the aileron gaps is very small throughout. It should be 
borne in mind however that the Reynolds number based on gap width is very 
small, so that quite different effects might be obtained in full scale 
conditions. 

- 14. - 



3.5 Results of aileron tests 

Rolling mcment, normal force and pitching moment, and side force and 
yawing moment were measured for each of five ail;ron settings, listed in 
Table 3, over a range of incidence at Mach numbers of 0.80, 0.90, O,98, 1.42 
and 1.82. The results are tabulated in Table 8. Curves of rolling moment 
coefficient are presented in Figures 27(a) and (b), and curves of incremental 
normal force and pitching moment coefficients due to aileron deflection in 
Figures 30 and 31. Thesa results are discussed in sections 3.5.jand 3.5.2, 
The side force and yawing moment due to aileron deflection were small through- 
out, and are not discussed further. 

3.5.1 Rolling moment due to aileron deflection 

Aa the aileron tests were carried out at steps of approximately so in 
aileron deflection angle, and as the results were not linear with this 
deflection it is not possible to give accurate curves of aileron effectiveness, 
% 
Tip Instead, curves of C, at constant aileron angles are plotted; these 

curves give the average aileron effectiveness. However, the variation of the 
rolling moment coefficient with incidence at fixed Mach number (Figures 27(a) 
and 27(b)) is considered first, At high subsonic speeds the rolling moment 
varies slightly throughout the incidence range but some general trends can be 
distinguished. There is a smell increase in the rolling moment due to upward 
aileron deflection as the incidence is increased above 3O or 4O, and a slightly 
earlier increase in the rolling moment due to downward aileron deflection, 
followed by a steady rise as the incidence is further increased. At supersonic 
speeds the rolling moment is almost independent of wing incidence. 

Figures 28(a) and 28(b) show the variation with Mach number of the 
rolling moment due to approximately equal, and opposite, aileron deflections. 
These curves were obtained by varying the Mach number in smsll steps with the 
model at 4’ and 7’ incidence, Owing to sting deflections the actual angles 
of incidence varied between 4.2' and 4.4’ and between 7.4' and 7.7' 
respectively, 

The aileron effectiveness falls by more than half between subsonic and 
supersonic speeds and there is a further fall between M = 1.4 and M = 1.8. 
At 7' incidence there is a sharp reduction in rolling moment at Mach numbers 
between 0.9 and 0.94, followed by a partial recovery before the decline to 
the supersonic value continues, This temporary reduction is presumably due 
to shcok-induoed separations on the aileron. 

In Figure 29 interpolated curves are presented showing the variation 
with Mach number of the rolling moment due to constant deflection of one 
aileron; these curves, as mentioned earlier, are a measure of the average 
aileron effectiveness. The curves are given for constant values of normal 
force coefficient, CN, before aileron deflection. They show the relative 
effectiveness of the upward and downward deflected aileron but there are in- 
sufficient points to show up the loss of rolling moment at 0.94 referred to 
above. 

3.5.2 Normal force and -Ditching moment due to aileron deflections 

In Figures 30 and 31 the increments of normal force and pitching moment 
due to differential aileron settings of 55' and +lO* (nominal), and also due 
to set-t&g one aileron about 5’ up, are plotted against incidence for three 
Mach nunibers. These results show that the differential aileron settings 
have a very small effect on normal force and pitching moment. From the 
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increments due to deflection of one aileron it is cslculated that the normal 
force increment acts about 1% g ahead of the hinge line. Interpolated 
curves of ACm due to one aileron deflection are plotted in Figure 32. 

The lateral position of the normal force increment due to ailercn 
deflection has been obtained by dividing this increment into the corraspond- 
ing increment in rolling moment. The centre of pressure so obtained lies 
well inboard on the aileron at subsonic speeds; in some cases it aplxars to 
be inboard of the inner aileron edge. This result is also true at low speeds 
as shown by integration of pressure distributions obtained by the Bristol 
Aeroplane Oompany in low speed tunnel tests. At supersonic speeds the normal 
force increment acts closer to the aileron centre of area. 

4 CONCLUSIONS 

A model with wings and nacelles similar to those of the Bristol 188 
aircraft to l/36 scale, but with a larger body, has been tested in the R.A.E. 
(Bedford) 3 foot tunnel at Mach ntiers between 0.70 and 1.02 and at 1.42, 
d.61 and 1.82. 

The lift curve slope of the model near zero incidence increases from 
0.072 per degree at M = 0.70 to 0.109 per degree at M = 1,02, and falls to 
0.071 at M = 1.42 and 0.059 at M = 1.82, The aerodynamio centre position 
moves baok from 5% aerodynemio mean chord at M = 0.7 to 9% at M = 0.94, 21.5% 
at M =: 1.02, and 26.5% at M = 1.82. 

The aerodynamic characteristics of the wing at incidence at subsonio 
speeds are dominated by those of the unswept inner wing, on which a long 
bubble type of leading edge separation occurs at Mach numbers up to 0.80 or 
0.85, and shock induced separation aft of the leading edge at higher Mach 
numbers, Slight reductions in stability with increasing incidence, possibly 
due to separaticns near the trailing edge, are observed at lift coeffioients 
of 0.4 at M =I I.42 SIXI 0.3 at M = 1.82. 

Leading edge vortex generators fitted to the inner wing delay the 
development of the leading edge separation at Mach nurkers up to 0.85 as they 
do at low speeds, and are likely to increase the maximum usable lift co- 
efficient in this range. It is not clear from the results whether or not 
they delay shock-induced separation on the inner wing at higher subsonic 
speeds. Their effects on lift, drag, and stability at low lift coefficients 
are small, and they have no adverse effects within the range of the tests. 

The horn balanced ailerons are effective throughout-the range of the 
tests. The effects of aileron deflection on longitudinal stability are small. 
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NOTE ONl!3FEGTS OFMOIJRJ!INGTHE'WINGONANO~~ ATIVEBODX 

The tests desoribed in this note were made to provide information about 
the aerodynamic characteristias of the Bristol 188 aircraft, which, as stated 
in the Introduction, will have exposed wings similar to those of the model 
tested, mounted on a more slender body. The body length of the aircraft 
design is about the same, but its cross-section in the neighbourhood of the 
v&ng is roughly elliptical, with scaled height 1.63 inoh and width I.23 inch, 
while the present model is of circular section with diameter 2.50 inches 
(see Jfi@;urc 33). No attempt will be made here to correct the results for the 
dif'ference in body shape, but some of the more important consequenoes of the 
difference will be considered briefly. 

Near zero incidence, the lift on the body alone acts almost entirely 
ahead of the wing positicn, and can be considered as 'body nose lift", The 
larger body will have more nose Xft, whioh will make a bigger oontribution 

aom to lift curve slope and a bigger nose--up (positive) oontribution to - aq at 

low incidence throughout the Mach nxmiber rqe. To enable these to beU 
ac: ac 

assessed, values of aa --hmd -mat zero incidence for antienticalbody 
a% 

alone, from unpublished 3 foot tunnel tests, sre given in Table 12. The 

ooefficients are based on the wing referenoe dzimensions. aCL Values of a for 

the body alone are plotted together with those for the complete model in 
Figure 8, 

i*D indication of the aerodynamic oentre movement attributable to tne 
couplets model minus the body alone is given by the ratio of the inorements 

acm 
Of Ba This ratio is given by: 

complete 
model 

complete 
model 

alone 

alone 

and neglecting 

beoomes: 

since this is shown to be smsll in Figure 8, it 

alone 

complete 
model 

(2) 
complete 

model 

This ratio is plotted in Figure IO (labelled "mcdel - body alon#). It will 
be seen that the ahange in asru?ynami:: oentre position due to the body is 
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Appendix1 

large, and varies between 10% mean chord at M = 0.8, 7% at M z 1.0, and 17% 
at M = 1.6. (The reason why this is so, although the pitching moment slope 
of the body is relatively independent of Mach number, is to be seen in the 
second term of (2), for the lift curve slope of the complete model varies 
rapidly with Mach number, particularly near M = 1). 

The change in loading on the wing due to the presence of the body and 
on the body due to the presence of the wing have not so far been considered. 
The reduction in the total rearward movement of the aerodynamic centre over 
the Mach number range due to the contribution of the body nose lift will be 
partly offset by a rearward shift of the centre of the loading induced on 
the body by the wing at transonic and supersonic speeds, It must be concluded 
that the trensonic and supersonic movement of the aerodynamic centre depends 
on the body shape. 

The body makes a large direct contribution to the drag of the model. 
The drag at zero incidence of the body alone is given in Table12, and a curve 
of drag at zero lift ooefficient for the body alone at zero incidence has 
been plotted in Figure 13. The body contributes about a third of the drag 
at subsonic speeds and a little over a half of the drag rise to supersonic 
speeds. Since the body used in the tests was cylindrical and the fuselage 
of the aircraft design not far from the sac cylindrical shape in the 
neighbourhood of the wing root, no large error will be made if it is assumed 
that, except perhaps near M = I, the curve of the difference between the 
complete model drag snd the body &Lone drag is applicable to the exposed 
wings and nacelles of the aircraft design. (Near M = 1 the difference is 
very sensitive to the accuracy with which the shape of the steeply rising 
part of the drag curve is located, and tunnel interference may have a dis- 
proportionately large effect). 

A seoond way in which the change in body shape may have an important 
effect on the aerodynsmic characteristics of the Viking tested is by changing 
the angle of upwash at the wing leading edge at incidence. It has been shown 
that at subsonic speeds flow separation from the leading edge of the inner 
Wing plays en important part in the behaviour of the wing at incidence. The 
angle of upwash will be greater at a given wing incidenoe on the model, and 
leading edge separation will develop at a slightly lower incidence, because 
of its greater body diameter and also because its axis lies in the wing chord 
plane while the fuselage of the aircraft design is set at 2' nose down to the 
chord plane. The lift coefficient at which a separation bubble begins to 
grow rapidly from the leading edge of the inner wing without vortex generators 
is estimated to be 0.05 to 0.1 higher with a scale fuselage than with the 
fuselage used in the tests. 

The use of a body which is broader than the scale body increases the 
span, area, aspect ratio and mean chord of the gross wing. It slso increases 
the moment arm of the aileron. If it is assumed that the lift incremnt due 
to deflection of an aileron acts near the aileron centre of area, it is 
found that a reduction of about 5% in the rolling moment coefficient due to 
aileron deflection is required to correct the results obtained to apply them 
to the scale aircraft shape. (The correction to C, is only so small because 
the span changes as well as the moment amn). However, as was pointed out in 
section 3.5.1, the centre of lift due to aileron deflection appears to be 
inboard of these ailerons at subsonic and transonic speeds, and the correction 
required may be of the order of 1%. Apart from this, the results of the 
aileron tests should be little affected. 

The change in body shape will not invalidate the comparisons made 
between results with and without nacelles, vortex generators, aileron edge 
gaps, etc. 



TABLE1 

Principal Dimensions of the Model 

sl?= 
Gross area (excluding vortex generators) 
Aerodynamic mean chord 
Aspect ratio 
Chord of unswept pert of wing inboard of the nacelles 
Chord immediately outboard of nacelle 
Chord at inboard edge of aileron horn 
Tip chord 
Sweepback of le,ading edge between nacelle and aileron horn 
Sweepback of aileron horn Leading edge 
Sweepforward of trailing edge outboard of the nacelle 
Dihedral 
Twist 

Wing, excluding part enclosed by b- 

span 
Area (excluding vortex generators) 
Aerodynamic mean chord 
Aspect ratio 

Ailerons 

Span; each side 
Area aft of hinge line; each side 
Aileron chord: wing chord, at inboard end of hinge 
Aileron chord: ting chord, at outboard end of hinge 
Distance of inboard edge of aileron horn from model 

centre line 

Nacelles 

Length, from lip of centre body to exit 
Length, from lip to exit 
Lip diameter 
&&mum diameter 
l&it diameter 
Distance of nacelle centre line frombody centre 
Distance of lip ahead of inner wing leading edge 
Nacelle-wing chord angle (nacelle nose down) 

line 

Body 

Length 
Diameter of cylindrical part 
Length of tangent circular arc ogival nose 
Radius of nose tip 
Distance of the base behind the inner wing leading edge 

13.03 ins 
48.35 sq dxx~ 

3.992 ins 
3.51 
l+J&. fins 
lc.12 ins 
2.50 ins 
0.67 ins 

38.1° 

IO.53 ins 

3;'~ sq ins 
2:98 

LllS 

2.82 ins 

2.07 sq i.1~3 

0.192 
0.284 

5.65 ins 

10.29 ins 
9.92 ins 
0.77 ins 
1.22 ins 
0.90 ins 
3808 ins 
3*59 ins 
2O 

25 ii-is 
2.5 ins 
y ins 
0.063 ins 

12.49 ins 

Further details of the wing planform, ailerons, vortex generators and the 
nacelles are given in Figure 2. Details of the wing sections are given in 
Table 2. 
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TABLE 2 

Wing Sections 

Pram the root to inner edge of aileron horn 

Biconvex circular sro section, symmetrical, 4% thick, shortened for 
finite trailing edge thickness. 

At the tip 

Se&ion formed by fairing part of 8%RAE 103 section, used over first 
24% chord to above biconvex section used over rear !@$chord (table of 
ordinates below). 

Over the aileron horn 

Sections defined by straight lines joining points of equal slope at 
the tip and the inboard. edge of the horn. 

Root chord 
Chord at iriboard 

edge of aileron 
horn 

Tip chord 

Chord length 4.44$ ins 2.500 ins 0.667 ins 
Max. thickness 0.178 ins = 4.01% 0.101 ins = 4.Q!g% 0.052 ins = 7.8% 
Position of 
max. thickness 51.3% chord 51.3% chord jl+..% chord 

Trailing edge 0,017 ins = 0.39% 0.010 ins = 0.39% 0,007 ins = 1.08% 
thickness chord chord chord 

Leading edge 
radius 0.001 inch 0.001 inch 0.0035 ins 

Ordinates of tip chord 

E 0 0 0.005 0.025 0.075 o. 160 0.200 0.240 

2 0 0.0139 0.0322 
0 

0.0063 0.0234 0.0348 0.0367 

5 0.266 0.290 0.300 0.314 0.342 0.378 0.396 

5 0.0378 0.0384 0.0387 0.0388 0.0390 0.0387 0.0386 

5 0.413 0.446 0.478 

$ 0.0381 0.0373 0.0361 
Faired curve. 

RAEI 103 
8% 

. 

31 Outer wing l+$bi.c;onvex contimred, 



Port 
(-4 

0 

0 

599O 

5.Y0 

10.1° 

I I / 
! 

TABLE 3 

Measured Aileron Deflection Angles 

Starbomd 
(up> 

0 

5.a" 

5.8O 

Y.YO 

9.Y0 

Subsonic 

Nominal 

NW) 
GM) 
(5,5) 

(5,N 

wb-10) 

Part 
(dawn) 

0 

0 

5.1° 

5.1° 

10.1° 

Sixtfboard 
(up> 

0 

4.6' 

4*6O 

9.Y0 

9.Y0 

Supersonic I 

- 25 I-r( 



r 
M 

0.70 

0.80 

0.85 

0.90 

TABLE& 

Aercdynamio Coefficients of the Basic Model 

a0 

-2.14 
-1.08 
-0.02 
+I.& 
+2.11 
+3.17 

22 

t-% 
4147 
+9.51 
-2rl7 
-1.09 
-0.56 
-0.02 
a.52 
+I.05 
+2,13 
+I+.28 
+5.36 
A.43 
+7.47 
a.50 
-l-Y.% 

-0.177 
-0.096 
-0.020 
a.055 
iu.131 
dI.213 
d.295 
a.379 
~I.466 

s?iz 
+0:663 

-0.183 -0.100 
-0.061 
-0.019 
+a022 
a061 
+0.142 
+0.345 
a.407 
+0.488 
-ta 548 

ZzE . 

lo.j89 
4.022 
+0.146 
+0.327 
+0.414 
a.505 

~-~ 
a:631 

-0.198 
-0.108 
4064 
-0.020 
4.026 
+0.069 
a.156 
"IQ.350 
a.454 
+0.552 
4.631 
+0.707 
d.618 
+0.653 

a deoreasing 

-2.18 
-0.02 
+2*13 
&30 
+5.38 
A45 
+7.48 
+8.51 
+9.55 
-2.20 
4.11 
-Q57 
-0.02 
AL52 
+1.06 
+2‘15 

$if: 
+6:52 
+7.59 
+8.66 
+9.06 
e9.59 

3 Component Balance 

%l 

-0.038 
-0.02!+ 
-0,007 
+o,ooY 
4.023 
+0.039 
4.053 
i-o.066 
a073 
+a070 
4.057 
-l-o.050 
-0.042 
-0.026 
lo.018 
-0.010 
-0,001 
a007 
i-O.022 
4.053 
+0.066 
dI.063 
d.048 
Acrc3 
-a043 
-0.&2 
-.o.ooy 
dJ.023 
daO% 
+o.Olo 
+0.062 
+0.043 
-la039 
a.038 

-0.043 
-0.027 
-0.019 
-0,010 
-0.003 
+0.005 
+0.020 
+0*055 
4.067 
4.073 
+0.077 
+0.080 
a.033 
4J.029 

iO.032 
+0.035 
43.0% 
*o.oT+ 

a0355 
a.032 
+0.031 
eo.0315 
4.0335 
4.0375 
44.65 
40. q33 
d-0735 
+0.092 
+-O.-l135 
4,133 

a.037 
i-O.0325 
a0315 
a031 
+0.0315 
-to.0315 
+a@&. 
+0.%75 
+0.0605 
4.0765 
+a096 
+0.1135 
+0.1335 
+0.0365 
+0.031 
to.034 

zEiz5 
i-o:079 
+a0965 
&II5 
a.135 
-to.037 
d-033 
AI.032 
a031 
+a0315 
-10.032 
to.0345 
+0.0495 
-10.064 
A083 
+0.-U&. 
+0.128 
+0*129 
+0.142 

-iallY 
iO.1085 
+o. 100 
uo.094 

5 ComponentBalame 

a0 

d1.58 
+13.66 

+ 9*55 
+10-g 
+-II.62 
+12.68 
+13.89 

- I -  9.59 
+1o,65 
+11,7A 
+12.76 
+13.83 

+0.651 

::Ei 
a.835 
-KL 897 

(4-n 

+0-W+ 
da@49 

to.039 
44Lo4.0 
-a.042 
+o.a+z 
+a.053 

to.030 
iQ.028 
+Q.ou, 
4.025 
4032 

1 



TABU t, (Co&d) 

M 

0.94 

0.98 

I,02 

1.42 

a cz cm a, 

w2.21 
-1.12 
-0.02 
+A.07 
.t2.16 
+3.26 

$*dZ 

$56: 
-18172 
+9.79 
-2.23 
-1.f3 
lo.03 
+I.07 
+2.16 
+3.27 
t4.38 
+5.48 
+6.57 
*7.66 
+8.75 
+Y-84. 

-0.207 
-0,112 
-0.047 
a.073 
co.166 
+0.268 

l%$ 
+0:576 
4.668 

s*g!t . 
-0,231 
-O.lZ!.!+. 
-0.025 
A072 
+o.l70 
+0.282 
+0.398 
i-0.509 
io.610 
+O.708 
a.808 
+0.896 

-0.044 
-0.027 
-0.012 
Jo.002 
+0.017 
+o.o3l+ 
+O.CI+-1 
iQ.04.3 
+0.@46 
4.045 
4.04.3 
+0.043 
-0.030 
-0.020 
-0.010 

0 
+0.011 
+0.017 
+0.013 
+0.008 
-a005 
+0-w 
4.003 
-0.w 

a.038 
a.0335 
Jo.032 
+0.0325 
+0.0355 
+o.O415 
d-o.053 
+o.o70 
+0.0895 
t0.1135 
-co.141 
i&l695 
-1-0.0465 
+o.ol#+l 
4-o.Q.o 
a.0395 
-Go43 
+a0495 
+0.063 
+o, 080 
+0.1015 
-i&l27 

2 :zz . 

-2.25 
-1.14 
-0.Q. 
+I,08 
&.I8 
+3.29 
&39 
+5.48 
+6.57 
+7.66 
d3.75 
+9.134 

-0.253 
--Or 144 
-0.033 
-to.085 
A-193 
-l-0.301 
-co.405 
4.502 
+0.595 
a690 
+0.792 
4.868 

-0.017 
-0.013 
-0,008 
-0,005 
4-0.001 
+aooL, 
+0.006 
+O.OC3 
-t&o08 
+a006 
AL005 
+O.oO5 

4.0525 
+0*0445 
+O.Ol+.Z 
+a0415 

z$:5 
+0:069 
4.085 
to.105 
+a129 
a1555 
@*l&5 

-2.39 -0.1yy -0.007 +0.056 
-1.34 -0.127 -0.008 +0*0505 
-0.27 404.9 -0.007 4.0475 
*o*79 a.025 -0.006 t-o.047 
+1.85 +0.102 -0.007 +o.Q%95 
+2.90 a.174 -0.006 
+3.96 

40. oJf!l+ 
+0.243 -0.006 +0.062 

+5.02 K'.321 -0.007 dI.072 

3 Component Balance 5 Uomponent Balance 1 
a 

+ 9.80 
+lO. 74 
+11.80 
+12.88 
+13.96 

adecre 
+ 9.70 
+ 8.74 

-I- 9.86 4.897 
+10.94 a.979 
+12*01 +l.Oy+ 
+I&08 +I.128 

-I- 9.86 ~-0.878 
+10.94 -a 950 
+12.01 +I.023 
+13.08 +I.095 

- 2.34 -0‘202 -0.008 
- 1.25 -0.124. -0.008 
- 0.17 -0.047 -0.007 
+ 0.91 tO.027 -0.007 
+ 1.99 &IO5 -0.007 
+ 3.07 +o.l& -0.007 
+4.15 a.262 -0.008 
+ 5.23 +a337 -0.009 
+ 6.32 +O.418 -0.009 
+ 7.40 to.491 -0.00; 
+ 8.48 a.563 -0.004 

0, 

4.843 
+0.782 
a.%5 

2% . sing 
a.744 
4.776 
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TAT3LiEi 4 (Contd) 

1.61 

1.82 

a 

-2.58 -0,190 -0.002 
-0.48 -0.054. -0.004 
+l.63 a.075 -0.004 
+3.73 +0,208 -0,006 
45.84 a.342 -0.007 
+7.95 +0.475 -0.008 
*Y.Ol a.545 -0.008 

-2.25 
-0.16 
+I.93 
+$*Ol 
+6.10 
43.49 

+10.27 

3 Component Balance 
- 

or 

-0.162 0 
-0.040 -0.001 
+0.083 -0.004 
iQ.202 -0.007 
4.323 -0.008 
+0.&2 -0.008 
+0*559 -0.008 

G-l %I 

+0.055 
to.0465 
a.0475 
4.0575 
a.078 
+0.1075 
+O.l265 

+a%9 
+0.042 
4-o. cl+& 
+o.oy+ 
+0.0735 
tO.1015 
+0.1375 

5 Component Balance 

a 0, 

-2.52 -0.189 -0.001 
-I*45 --0.119 -0.002 
-0.38 -0.052 -0.003 
+0.69 +O.Olr, -0.002 
+I.77 +0,082 -0.003 
+2.& t-o.150 -0.oa6 
+3.92 +0.222 -0.005 
44499 +0.289 -0.006 
+6.06 a.358 -0.005 
+7.14 +0,427 -0.006 
+8.21 a499 -0.006 
+9.29 a.565 -0.008 

+10.36 a.631 -0.008 
+ll.l&. +0.702 -0.011 
+12.50 a761 -0.010 

-2.17 -0.159 43.00-l 
-1.11 -0.096 -0.001 
-0.05 -0.036 -0.001 
+I.00 +o. 024 -0.003 
+2.06 -co.086 -o*ocq 
+3.12 4.148 -0.005 
&. -18 -IQ.211 -0.007 
+5.u, 4I.272 lo.008 
+6.30 4.335 -0.010 
+7.36 +0.398 -0.009 
+8.42 +0.460 -0.010 
+9.48 a.523 -0.011 

elO..l& +0.582 -0,ooy 
+11.60 4-O. 64.1 -0.008 
+12.66 iO.700 -0.006 
+13.73 a.762 -0.003 
+14.79 4.817 0 

1 
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M 

0,8C 

0.90 

5 TABLE 

Aerodynamic Coefficients of' Model with the Nacelles removed 

3 ComponcntBal.ance 

a 
0 

-2.d3 
-1.06 
+O*Ol 
+I.08 
+%I5 
-t3.22 
a.29 
+5.37 
+6.44 
+7.49 
d.53 
+9*55 

-2.15 
-1.07 
+o. 01 
+I.09 
+2.17 
i3.26 
tG.36 
+5+45 
+6.53 
+7.60 
+8.63 
-by.68 

T 
f 

1 ! 
I 
/ 

-0.149 
-0.069 
-f-o.01 1 
+o.OYl 
+0.170 
+a256 
-to.342 
a.425 
4.511 
+0.586 
+0.641 
a.676 

-0.167 
-0.077 
+0.012 
+0.097 
4.186 
40.283 
eO.388 
+0.490 
4.5% 
+0.666 
+0.705 
-co.757 

Cm 

-0.020 
-0.010 

0 
io.010 
d-O.020 
4.031 
+o.o4i 
+0.051 
-t-o. 054. 
i-O.051 
-l-o.031 
-t-o.019 

-0.020 
-0.009 

0 
+o.OlO 
d-O.021 
f0.031 
-co.043 
+0.046 
+0.cq.6 
+0.045 
-to*040 
io.034. 

+0.0225 
-l-0.0195 
+O.OlY 
i4I.0205 
Co.0235 
-10.0295 
+0,038 
+0.051 
+0.068 
a.087 
-lo. 109 
d-O.129 

-to.023 
a.020 
io*019 
+o. 020 
a.0235 
+0*0305 
-a.a!+.l 
+0,0565 
+0.0775 
-la0995 
J-o.121 
+o.I45 

M 

I*02 

1.61 

---F 

-2.17 
e-1,08 
a.01 
il.10 
+2.19 
+3.29 
+4.39 
+5.48 
+6.57 
+7.66 
4.74 
+9.82 

-2*54 
-1.50 
-0.45 
+0.60 
+I& 
+2.69 
+3.74 
6.78 
t-5.83 
4.88 
+7.93 
a.98 

cm 

-0.177 
-0.083 
a.012 
4.106 
+0.200 
a.308 
-co.415 

22;; 
+0:709 
+0.798 
a.880 

-0.005 +0.0355 
-0.002 +0*0315 
-0.001 +0.0305 

0 uO.032 
eo.005 +0.036 
+0.002 +0.0445 
-0.005 +0*0575 
d-Lo14 -co90745 
-0.020 +0.094 
-0.026 +%I18 
-0,027 4,145 
-0.030 4,174 

-0.1553 +O.Oll 
-0.089 -i-o.006 
-0,027 +a002 
a.036 -0. ocq. 
40.094 -0.007 
+0.160 -0.013 
+0.223 -0.018 
4.285 -0.023 
a.350 -0.028 
-to,412 -0.030 
+0.472 -0,033 
to.535 -0.036 

a.0365 
a.032 
4.0305 
+0.0305 
io.033 
+0.038 
a.0445 
+0.05$ 
do655 
a.0795 
a.0955 
+o.,il4 
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TABLE 6 

Aer~ia Coefficients of Model with no 
Flow through the Naaelles 

3 Component Balanae 

M 1 a CL Cm C$ M a CL Cm CD 

0.80 -2.16 GA77 -0.041 0.0375 1.02 -2.31 -0.264 -0.012 0.053 
-1.09 -0.097 -o.ou, 0.0335 -1.15 -0.148 -0.010 o.c~+6 
-0.02 -0.017 -0.oog 0.0315 -0.04 -O.O& -0.007 0.0425 
+1.05 , a.062 +0.006 0.032 +I.07 +a079 4oa.k 0.0435 
+2.12 AL141 +0.021 0.0% +2.18 +0.190 -0.003 0.0485 
a.28 a.312 tO.052 0.0485 +3.29 -a.305 -0.002 0.0575 
+5.35 -to.396 -co.063 0.0605 , i4.39 0 0.070 
+6.43 -to.@1 +0.066 0.079 

+0.410 
+5.&g to.518 =-O.OOl 0.089 

+7.48 4.564 Co.053 0.0995 +6.5g a.619 a002 0.111 
+8.52 +0.620 +O.CY+5 0.121 +7.68 +0.712 +0.006 0.1365 
+%fi6 4.670 +0.042 0,142 a.77 +0.801 -to.011 0.1645 

4.85 +0.8.77, +0.014 0.194 

0.90 -2.19 -0.194 -0.043 0.0375 
-0.02 -0.017 -0.011 0.031 1.61 -2.58 -0.180 -0.003 0.0685 
+2,15 d-o.155 a020 0.0% -0.48 -0.055 -0.002 0.0605 
4.33 +0.345 a.052 0.049 +1.63 a.075 -0,002 0.0615 
~6.52 +0.547 a.072 0.0845 +3.73 a.205 -0.004 0.0715 
+7.05 +0.591 itLOT+ 0.096 +5.& a.335 -0.004 0.091 
+7.59 +0.628 +0.076 0.107 +i'.g5 +0.465 -0.005 0.122 
+8.13 a.669 a.078 0.119 +T.OO 
+8.60 

a.530 
+o.659 

-0.005 0.1405 
to.&0 0.130 

+%I2 +0.683 4.037 0.1405 
e.65 4.717 a.033 0.1545 
a decreasing 

A60 a.656 +O.Oi+O 0.129 
+8.07 +0.627 +O.O$!+ 0.117 
+7.56 +o.6o5 -a061 0.1055 
+7.05 +0.585 +0.075 0.095 

I 
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7 TABLE 

AerN&c Coefficients of Model with Vortex Generators 

0.7 

0.8 

0.8: 

a 

-2.14 
-I.@ 
-0.02 
+l*Q4 
+2.lC 
+3* Ii 
+&-.a 
e.30 
+6.36 
+7.4: 
+8.48 
+9.53 

-2.17 
-1.10 
-0.03 

1.05 
2.12 
3.20 
4.28 
5.35 
6.4.2 
7.49 
B-55 
9.60 

-2.19 
-1.10 
GO3 

1.05 
2.13 
3.21 

';';i 
6:45 
7.53 
8.59 
9.63 

-2.20 
-1.11 
-0.03 
+I .05 
+2.14 
+3.23 
+4*33 
t5.42 
A52 
+7.58 
.c8.65 
t9.72 

-0.175 
-0.093 
-0.023 
a052 
43.127 
40.207 
4-O. 29: 
a37: 
a.452 
+0*53c 
.to,6oc 
+0*666 

-0.183 
-0.106 
-0.02e 
+0.053 
+0.131 
+0.221 
ta 309 
to. 395 
+0.474 
+a 553 
a.622 
a.680 

-0.195 
4.109 
-0.027 
+a056 
+o.t37 
to.230 
43.322 
to.408 
to.487 
to.576 
fQ.645 
+0*701 

*0.203 
-0.114 
-0.029 
10.060 
%I45 
FO. 2l&0 
to. 3&o 
kO*439 

cxi$ 
d 692 
i-O.766 

I 

-t i 
I 
i 
, 
r 

I 

i 

i i 

I/ ) 

4 
1 i 

Orn 
-O.Ol+.l 
-0.025 
~0.009 
l-o.oo9 
+0.025 
AI.040 
4,055 
a070 
-1.0.082 
-to.090 
+a098 
+0,096 
-- 

-0.042 
~0*02?+ 
-0.009 
~0,008 
+o. 024 
+0.039 
+Q.o55 
+0,069 
40.081 
+o, 088 
-lo.oyo 
+0.088 

-0, @!+l+ 
-0.026 
-0.010 
+0.007 
+o.o2l+ 
-to* q.0 
a056 
a.072 
-to.080 
4.086 
4.085 
-r-o.082 

-0,045 
-0.028 
-0.011 
to.005 
+0.022 
+0.039 
to.056 
+0.068 
+0.071 
a.076 
to.080 
to. 081 

3 Component Balm-me 

-10.036 
+0.032 
+0.030 
+0.030? 
dI.032; 
+0*037: 
+0.046 
+0.057; 
+0,071 
+o.OYO 
+0,108 
+0.130: 

+o.o36: 
+0.032 
+0*0305 
+O,Ojl 
-l-0.033: 
+0.0385 
-a0475 
+0.0595 
to.075 
+a0935 
+0.114 
to.136 

to.037 
i-o.0325 
to.0305 
tO.031 
a.0335 
so.039 
tO.O&8 
to.061 
+0.0765 
to.097 
tO.1185 
to.141 

to.037 
to. 033 
to.0315 
~0.031 
to.o3+ 
bO.040 
i-o.049 
Co.063 
1-0.083 
1-0.103 
a.1265 
co.153 

-: 

-.2.22 
-1.13 
-0.03 

1,06 
2.15 
3.25 
4.36 
5.45 
6*55 
7.63 
8.71 

/ Ye79 
, 

0.981 -2d24. 
/ -1.13 

1.42 

L 

a 

;A; 
7:66 
8.74 
9.83 

-2.26 
-1.15 
-0.60 
-0.04 
43.51 

1.06 
2.17 
4.39 
6.57 
8.74 
9.83 

-4*51 
-3.45 
-2.39 
-1.33 
-0.27 
i-O.79 
+I.85 
+2.91 
+3.97 
+5.04 

-0.21E 
-0.121 
-0.02: 
-to.064 
+0.157 
tO.25: 
iO.367 
+0.47c 

Z*T 9 
A747 
+0.82S 

c 
i 

I 

4 24.1 
-0.131 
-0.085 
-0.036 
a013 
a060 
i-o.157 
d.273 
+a390 

$2:: 
to: 699 

$?;i: l 

-0.263 
-0.153 
-0.099 
-0.043 
+0.015 
-a.068 
co.179 
a399 
+0.588 
-a770 
4.858 

-0.34I 
-0.266 
-al85 
-0.114 
-O.or,l 
a.033 
+0.108 
-co.l& 
+0.260 
a338 

Orn 

-0.045 
-0.027 
-0.012 
&Loo3 
+0.018 
40.037 
a043 
eO.048 
4.04.5 
&046 
+Q*w 
+0.045 

-0.030 
-0.020 
-0.014 
-0.008 
-0,003 
a003 
+a013 
+0.021 
+0,017 
+0.013 
+O.Ol I 
co.007 
+0.005 
+0.002 

-0,017 
-0.013 
-0.009 
-0.005 
-0.005 
~0,001 
+o.oojj 
+O.OOY 
4‘0.011 
+o.OOY 
-t.o,006 

-0.011 
-0.010 
-0.010 
-0.008 
-0.008 
-0.007 
-0.007 
-0.006 
-0.006 
-0.005 

?D 
-10.0385 
40.0335 
+0.0305 
+0.0315 
+0.035 
i4Lo4.1 
+o*o525 
+0.068 
-i-O. 089 
+0.112 
+0.138 
+0.166 

dw465 
-fac!+l 
i-o.@40 
-r-Q. 039 
-ho.039 
+0.039 
+0.0425 
4-o. 054. 
da.0655 
+0,0805 
ta 101 
+0.125 

2 :g5 . 

4,053 
co.046 
@A@435 
to.042 
a.042 
to*043 
to.047 
to, 069 

s?:$-; 
to:1835 

kO.074 
t.o.063 
+0*0545 
bO.049 
a.0465 
~0.01+65 
ta 049 
tQ.o5l+ 
bo.0615 
1Q.072 



TABLE 7 (Contd) 

3 Component Bdance 

M i a 

1.61 ~-4.69 
-2.58 
wj.53 
-0.47 
4.58 
~63 
+3.74 
+5.85 1 +7.96 1 +9.02 

1 
I 

cL I %I 
-0.315 -0.003 
-0.182 -o.ool+. 
-0.115 -o.ooi+ 
-0.051 -o.oo!+ 
a013 -o.oc& 
AL078 -0,003 
+0.214 ,-0.003 
+0.351 -o.oc4+ 
da.488 -o.oa!+ 
+0.556 -0.003 

CD I Mj a 

0.0705 1.82' -2.25 
o"z5 

/ 
I I -0.16 -1.20 

o*orcb5 I 
0.040 1 

-t&89 
+I.93 

0.045 I -&.Ol 
0.056 I 

I 

+5.06 
0,076 +6.10 
0.107 ( +7.15 
0.126 43.19 

99.24 
~0.28 

-0.158 
-0.097 
-0.035 
+0,023 
4.083 
AI.204 
AL263 
+0.3uc 
4.386 
a446 
+0,506 
+0.567 

%I I CD 

-0.002 +0,047 
-0.002 +0.0&5 
-0.002 +a042 
-0.002 &c&.2 
-0.002 .acx& 
-o.oo& +0.0545 
-O.OC& dI.063 
-0.003 KJ.0735 
-0.003 4.087 
-0.003 da102 
-0,005 +0.1195 
-0.005 AI.139 

1 
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8(a) Tp;BLF: 

Aerodynamic Coefficients of the Model with Ailerms Represented 
(Nominal settings Port O", Starboard 0') 

M a cN %l OY (3-l % 

0.80 -1.09 -0,103 -0.026 +o.OOl +o*Ga -or 0005 
-0.02 -0.024 -0.010 +O.OOl +o. 001 -0.0005 
+I*05 +o. 058 +o. 006 +%ool +O.OOl 0 
+2.12 +o, 141 +0,022 +O.OOl 40.001 0 
+3.19 +o. 225 4.038 4-O. 001 +O.OOl 0 
+4.28 a.319 co, 051 +o.ool -l-O*001 0 
+5.35 +o*408 a.063 +o. 001 443.001 0 
di.2 4,499 +O. 065 +O.OOl -co. 001 0 
+7.47 a.567 +o* cq.7 +o. 002 +O*OOl 0 

0. go -I,11 -0.113 -0.027 co.002 +0.001 -0.0005 
-0.03 -0.026 -0.011 4-0.002 0 -0.0005 
+1,06 a.062 +o* 005 +a 002 0 -0eooo5 
-&I4 +0.1.52 +0.021 uo.002 0 0 
+3.23 a 246 +O. 038 AI.002 0 0 
t4.33 

:*zz 
+o.oy, +0.002 0 0 

+5.42 
+o: 563 

a 064 +0.002 0 0 
+6.52 +a. 068 io.002 0 0 
+7.59 4.648 -a 073 to.002 0 0 

0.98 -I*11 -0.128 -0.021 40.002 +o. 001 -o.ooo5 
-0.03 -0.032 -o.oog +0.002 0 -0.0005 
+I.05 +o. 063 0 40.002 0 -0.0005 
+2.14 a165 +0.012 4x002 0 -0.0005 
+3.23 +O. 278 +0.017 4002 0 -0.0005 
a.33 d-404 +0.013 +0.002 0 0 
+5.4-2 

2' 2:'; 
+o. 009 a.002 0 0 

+6*51 
+7.59 +O:718 / 

+o, 005 +0.002 0 
-l-o. 005 +O.m2 +t 001 0 

M a 
ON %l OY an % 

I.42 -2.33 -0.197 400% 4-0.001 0 4 0005 
-0.17 -04 a43 -0,008 +o.ool 0 +o, 0005 
+I*99 +o. 104 -0.007 0 0 +o. 0005 
4.15 +o* 259 -0,006 0 0 +o, 0005 
+6.31 a.416 -0.006 0 0 +o. ooo5 
+&47 -a. 565 -0.003 +O.OOl 0 +o. ooo5 

1.82 -2.17 -0.161 +0.002 i.001 0 0 
-0.05 -0.035 0 0 0 
+2.06 +O. 082 -0.003 +O.OQl 0 0 

1 2:; . +o. +O. 326 205 -0.006 -0.005 +O.OOl io.001 0 0 0 0 

Actual settings Port 0'; Starboard 0’. 



8(b) TAEGE 

Aerodynamic Ooefficients of the Model with Ailerons Represented 
(Nominal. settings Port 0, Starboard 5.0' up) 

, 
M I a GN % 'Y ' 'n Oe 

0.80 :;*;i -0.156 -0.010 0 +0.002 +0.0125 
+1:02 -0.073 +0,006 +o, 001 +0.002 +0.012 

43,009 4I.021 +a001 +o,ool +0.012 
+2.09 +0.091 a.038 +o. 001 +o.OOl a.012 
43.16 +0,172 r a053 +0,002 +O.OOl 

+0.002 t 
+0,0125 

-&*a -19.260 a.070 +o.ool +0,013 
+5.31 A351 10.080 +0,002 +O.OOl +0.014 
439 4,450 +0,081 +0.003 40.001 a.014 
+7.44 a.516 +o.o& io.003 +o.ool -tOeOl25 

0.90 -1.15 -0.169 -0.007 to.001 +0.002 +a013 
-0.06 -0.079 iu.009 +o,OOl ‘to.002 +0.0125 
+I.02 +0.009 +o.ou, SO.002 to.001 +0,0125 
+2.40 +o* 099 4.041 +O.OOl +&cm +0.0135 
+3* 19 4,187 tO.058 40.002 +o.OOl +0.014 

Ig:: 
a.287 a.073 +0*003 +o.ool +0.0145 

h-:47 4,502 a.396 4.087 +0.092 a.003 +o.ool& 43.001 43,001 +0*0155 +0.0145 
+7*54 +0.583 a096 -lo.005 +o.OOl to.0165 

0.98 -1.16 -0.170 4.002 0 a.002 +0.013 
-0.06 -0. o6g &Oil &ool a002 +0.0125 
+I.03 +0.026 +0.020 +O.OOl AI.002 +0,012 
+2.13 4,927 4.032 -IO.002 +0.002 +0.012 
+3.24 +0.2&o io.039 +0.002 +o.ool a.013 
+4.35 4.364 a.036 +0.004 +o.OOl +a0135 
+5.45 +0.474 a.032 +0.004 +o.ool io.0135 
+6*55 +0*583 i-o.029 +0.005 +O*OOl a.0135 
+7& 4.686 a.027 I +0.005 0 d-o.013 

M a cN % cY 'n % 

1.42 -2.34 -0.212 0.003 -0.001 0.001 0.0055 
Ah.18 -0.057 0.004 0 0.001 0.0055 

1.97 i-O.088 0.004 0 0 0*0055 
4.14 0.243 0.005 +o. 001 0 0.006 
6.30 0.400 0.007 +0.002 0 0.006 
8.42 0.550 0.010 +0,002 0 0.006 

1.82 -2.17 -0.164. 0.009 -0.001 0.001 0.0035 
-0.06 -0.Q.2 0,006 0 0.001 0.0035 

2.05 +0.076 0. 004 0 0 0.0035 

k” :; 
8:tl 

0.197 0.323 0.002 0.001 0.001 0.002 0 ::E$ 
0.451 0.001 0.002 &01 0. oo!+ 

9.46 0.515 0.001 0.003 ~0.001 0.004. 

Aotual settings M = 0.8,0.9,0.98 
M= 1.42,1,82 

Port Oi Starboard 5.8' up. 
Port0 j Starboard 4.6' up. 
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8(c) TABLE 

Aerodynamio Coefficients of the Model with Ailerons Represented 
(Nominal settings Port 5O down, Starboard 5’ up) 

a 
cN 

-1.09 -0.103 
-0.02 -0.021 
+1,06 +a 069 
+2.13 +o. 149 
$3.20 +O. 234 
+4.23 -tOa 323 
+5.35 +o.412 
4.43 +o. 505 
+7.47 +o. 567 

7- 

I I 
-0.028 
-0.012 
+o, 001 
4.017 
*o. 033 
+O.O48 
+0.061 
i-o.061 
+Q*QJ+ 

-1.11 d.113 -0.029 
-0.02 -0.021 -0.014 
+1.06 +o. o6g +o.ool 
+2.15 +a 161 +o.o16 
+3.uc -to- 257 +o*o33 
+4.33 d-O.357 +o. 051 
+5.42 +0.451 41.062 
+6.51 to.554 4-O. 066 
+7* 57 +o. 623 +xo75 

-1.13 -0.128 
-0.03 -0.029 
+1.06 +a 073 
+2.16 -t-o. I 76 
+3.27 -a 294 
i4.38 4.409 
+5.48 4.522 
+6,57 +O. 626 
+7.59 4.727 

-0.022 
-0.014 
lo.005 
+o. 005 
+o.OlO 
+o.oog 
-to. 006 
-lo. 003 
4.002 

% 

4-o. 025 
+O, 025 

IEit5 
+o: 027 
-I-O. 0275 
+O. 027 
d.027 
+O. 0255 

+o. 026 
+o. 026 
41.026 
4.028 
+0*0295 
4-O. 029 
+O. 028 
i-O.025 
+O. 025 

4024.5 
+o*OuC5 
40.025 
40,026 
-to. 026 
+O. 026 
-10.0255 
-a 0245 
-I-O. 023 

+0.002 
+0.002 
4-0.001 
+O*OOl 
0 
0 

-0.001 
-0,001 
-0.001 

-0.002 
-0.001 
+o. 002 
+O.oOl 
+0.002 
+0.=4 
to.006 
+o.o06 
+o. 006 

-~ ~~~ 

+0.002 
eo.002 
+O.OOl 
+o.ool 

0 
0 

-0.001 
-0.001 
4,001 

-0.002 
-0.001 

0 
-to. 001 
+o.oo3 
+o.oot, 
a006 
&Loo7 
a.008 

+0.002 
+0.002 
4-O. 001 
+O.OOl 

0 
-0.001 
~0.001 
-0.002 
-0.002 

%l 
-0.010 
-0.010 
-0.009 
-0.007 
-0.007 
a003 

cN cY 

-0.192 -0,002 d-0.002 
-0.041 -0.001 +O.OOl 

0.107 0 0.001 
0.263 0.001 0 
0.419 0.002 -0.001 
0.568 0.W -0.002 

-0.1.5?+ -0.002 +o.OOl 
-0.031 4.001 0.001 

0.089 0 0 
0.211 -a 001 4.001 
o* 337 -co,002 -0.001 
0.464 +o.ooL, -0.002 
o. 526 0.004 -‘O,OQ2 

-0.001 
-0.003 
-0.005 
-0,008 
-0.008 
-o.oog 
-o.oog 

0. go 

0.98 

M 
% 

0.0115 
0.011 
0.0115 
0.012 
0.012 
0.012 

0.008 
0.008 
0.008 
0.008 
0.008 
0,008 
0.008 

M = 0.8, 0.9, 0.98 Port 5,g" down; Starboard 5.8’ up 
M= l&2,1.82 Port 5.1° down; Starboard 4.6“ up 

a 

1.42 -2.33 
-0.17 

1.99 

2*;2 
8:47 

1.32 ~2.18 
-0.05 

2.06 

%*$ 
8142 
9.47 

Actual settings 
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M 

0.80 

Or 90 

TAIXE 8(d) 

Aerodynamic Coefficients of the Model with Ailerons Represented 
(Nornina3. settings Port 5' down, Skrboard IO0 up) 

0.98 

M 

1.42 

r 

1.82 

a 

-1.12 
-0.05 
+I.03 
+2.10 
+3.18 
&.26 
+5*33 
+6.41 
i-7.46 

-- 

-1.13 
-0.05 
+I.& 
+2.13 
+3.22 
i4.31 
+5*4o 
+6.49 
+7*56 

-1.15 
-0.06 
+I.04 
+2.14 
+3*25 
+4.36 
+5.46 
+6.56 
+7.65 

d.137 
4.054. 
+0.032 
4116 
+0.202 
43.291 
+O.380 
+odt73 
+0*!%5 

-0~42 
-0.052 
tao4.2 
a137 
+0.228 
+0.326 
+0.427 
+o*5u, 
+o.610 

-0.159 
-0.063 
a.039 
+0.147 
a.262 
+0.384 
a.495 
+0.598 
+O.702 

1 n a “N 

-2.34. lo.213 0.005 -0.003 
-0.18 -0.060 0.003 -0.001 

1.98 +o.oyo 0.003 0 
4.14 0*244- 0. ocq +0.002 
6.30 0.401 0.005 0.003 
8.46 0.550 0.010 0.005 

-2. q7 
-0.06 
+2.06 

:*:; 
8141 
9.47 

-0.166 0.008 -0.003 
-0. cl+& 0.005 -0.001 
+o.O& 0.003 0 

0.201 0.000 +o. 002 
0,324 0.001 0,003 
o*4!% 0.001 o.oc&. 
0.516 0.001 0.006 

L 

0, 

-0.015 
+o.ooo 
+o.oq4 
40.029 
+o.ql+ 
+0,060 
-co.077 
+0.072 
+o.o57 

-0.016 
-0,ooq 
+0.012 
4.026 
+o.o42 
+0.060 
+o*o73 
d-0.080 
+0,082 

-0.005 
+o.oq 
+0.012 
+o. 022 
+0.027 
4.026 
43.021 
+o.OlY 
4-0.018 

L 

-0.003 
-0.001 

0 
+o. 002 
+o.oo3 
+0*003 
+o.oq. 

zii%ii . 

-0.003 
-0.002 

0 
+0.002 
+o.oo3 
+0*004 
-to.006 
+0.007 
4.008 

-0.003 
-0.002 

0 
+0.002 
+o. 003 
+0.005 
+o. 007 
+o. 009 
+o.OlO 

Actual settings M = 0.8, 0.9, 0.98 Port 5.9' down 
&I = l.QJ.82 Port 5.1’ down 

-jb- 

'n 

co.m+. 
+0.003 
4-0.002 
44I.002 
+O.OOl 
+O.ool 
0 
0 
0 

+o. a& 
+o.oo3 
a002 
+0.002 
+O.OOl 
+o.ool 
0 

-0.001 
0 

+o. oolj. 
+o.oo3 
4-0.002 
40.002 
+o.ool 
0 

-0.001 
-0.001 
-0.002 

'n 

+o.o03 
+0.002 

0.001 
0 

-0.001 
-0.002 

a003 
0.002 
0 

-0.001 
-0,002 
-0.002 
-0.003 

a.0345 
+o. 034 
+o. 0% 
2:;: 
+0:0365 
+0.0365 
+0.036 
+o.o355 

+o.o345 
4-o. 034. 
+o. 034 
+o.o35 
+a036 
+o*o355 
+o.o355 
a.033 
+o.o30 

+o*o345 
a.0345 
+a034 
+o*o35 
+0.035 
+o.o35 
+o.o345 
-co*0335 
+O.O32 

0.018 
0.0175 
0.0175 
0.018 
0.018 
0.018 

o.o-l2 
0.012 
0.0125 
0.0125 
0.0125 
0.013 
0.0135 

Starboard 9.9’ up 
Starboard 9.9’ up 



TA3iX 8(e) 

Aerodyn.amia,Ooefficients of the Model with Ailerons Represented 
(Nominal settings Port IO0 down, Starboard IO0 up) 

a cN cY 
-1.09 -0.102 -0.027 -0.004 
-0.02 -0,020 -0,013 d0.002 
41.05 +0.066 4-0.002 0 
+2.13 a.152 40.016 40.001 
+3.20 4O.235 40,031 4o.003 
44.28 +-a319 40.048 40.003 
*5.35 d-O.407 40.059 40.005 
+6.42 +a499 -to.060 40.006 
+7.47 40,567 40.042 40.007 

4.11 -0.111 
-0.02 -0.023 
41.06 4o.070 
+2.15 40.162 
+3.23 a.253 
i-4.32 +0*346 
"G.41 ta439 
45.50 40.54.2 
+7*57 4O.617 

-0,027 
-0.013 

0 
40.014 
4o.030 

2% 
40:066 
40.076 

-0.004 
-0.002 

0 
+3.001 
40.003 
40.005 
40.006 
40.007 
-10,008 

-1.13 -0,128 -o.ou, -0,005 
-0.03 -0.026 -0.014 -0.003 
+I*07 i-O.077 -0.005 0 
42,,16 40.177 40.004 40,001 
43.28 +o.z.g6 40,010 40,003 
G.38 40.410 40.010 40.006 
+5.48 a*519 +0.008 40.008 
+6,57 4.621 to. 008 to.010 
+7.67 4,727 +o.oQ. 4O.011 

cn 

40.003 
4O.002 
to. 001 

0 
0 

-0.001 
-0.001 
-0,002 
-0.002 

40.003 
40.002 
40.001 

0 
-0.001 
-0.001 
-0.002 
-0.002 
-0.002 

40.003 
40.002 
4G.001 
0 

-:,001 
-0.002 
-0.003 
~0.003 

I .42 -2v33 -0,200 -0.008 400.5 
-0.17 -0,045 -0.008 -0.003 
+I*99 

2’ :z 
-0.009 -0.001 

3.:; 

+a:47 
+a:415 

-0.005 40.001 
4o.005 4o.003 

4O.568 -0.001 40.005 

4 

1.82 -2.16 -0.152 0 -0. oc& 40.003 40.016 
-0.05 -0.032 -0.003 -0.002 40.001 40.016 
42.06 4o.og1 -0.006 0 0 
4.18 

+0,016 
4O.213 0 +0.002 -0.002 +0.016 

a043 
40.0425 
40.0425 
40.0435 
4O.045 
40.0435 
40.0435 
40.043 
40.042 

4O.041 
40.0415 
40*0415 
40.042 
40.043 
1-0.0415 
+o. 039 
40.0385 
40.0345 

40.0435 
40,044 
-iac&!+ 
40*a435 
4O.a3 
40,043 
40.0&l 

:s5 . 

+0.023 
40.0235 
4O.0235 
40.0235 
4O.023 
to.023 

Actual settings: All &oh numbers Port 10.1° dovm, Starboard 9.9' up. 
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1 
1 Mach No. 

I 
0.70 0.80 
0.85 
0.90 
0.94 
0.96 
Oe 98 
1.00 
1.02 

0.072 
0.075 
0.078 
0.081 
0.085 

0.091 0.088 

0.101 0.088 0.101 

1.42 0.071 
l.Cl 0,063 
1.82 0.059 

dCL 

VazLues of TO ( > for the tested Configurations 

Basic 
hbdel 

With With With With 
Nacelles Nacelles Aileron Vortex 

Off Stopped Gaps Generators 

0.075 0.074. 0.074 

0,081 0.081 0.081 

0.060 0.061 
0.069 

0.0% 

TABI. IO 

for the tested Configurations 

0.70 
0.80 ’ 
0.85 
0.90 
0.94 
0.96 
0.98 
1.00 
1‘02 

1.42 0 
1.61 -0.005 
1.82 -0.015 

0.20 
0.19 
O.-l8 
0.16 

0.10 

0.035 0.025 0.025 

0,125 

0.115 

-0.075 

I 

With 
Nacelles 
stoppea 

a-t95 

0.170 

0 

0.072 
0.074 
0.077 
0.080 
Ez 
0:089 
0.094 
0.099 

0.069 
0,062 
0.057 

With 
Aileron 

Gaps 

0.20 

0.185 

0.12 

With 
vortex 

Generators 

0.22 
0.21 
0.20 
0.19 
0,165 
0,145 
0.11 
0.44 
0.045 

-0.005 0.01 
0.005 

-0.02 0 
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N.B. No drag measurements were made for the case of aileron gaps unsealed. 

Tdi.BI.8 11 

Values of CD 
0 

for the tested ConQurations 
0 

Mach No. 

0.70 
0.80 
0.85 
0. go 
0.94 
0. g6 
0.98 
1.00 
1.02 

0.031 
0.031 
0.031 
0.031 
0.032 

0.0395 

0.0415 

1.42 0.047 
1.61 0.046 
1.82 0,042 

Basic 
Model 

With With With 
Nacelles Nacelles Vortex 

Off stoppea Generators 

0,019 

0.019 

0.0305 

0.030 

0.0315 

0.031 

0.042 

0.0605 

0.030 
0.030 
0.0305 
0.0305 
0.0305 
0.0345 
0.039 
0.Q.0 
0.042 

0.0465 
0.W 
o.c42 

TABLE12 

Values of z: (-)o, (a0 and (CD)o for the BoaY Alone 

Mach No. 

0.70 
0.80 
0.85 
0.90 
0.94 
9.98 
1202 

1.42 
1.61 
1.82 

o.ool+ 
0.004 
0.004 
0.W 
0.004 
0.W 
0-W 

0.004 
0.004. 
0.W 

"rn (3 ace 

1.95 0.010 
2.00 0.010 
2.00 0.010 
1.95 0.011 
1.80 0.0105 
1.63 0.0105 
1.58 0.014 

2.35 
2.45 
2.15 

0.019 
0.0185 
0.0165 

0 cD 0 
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VORTEX 
GENERATORS 

SECTION “Bd ENLARGED 

B- 
- 

t 

TRIPOD/ SPACERS 
/ 

SUPPORTING CENTRE 
BODY. 

SECTION h A” 

INTERSECTION 
OF NACELLE $ 
AND WING 
CHORD PLANE 

D I 2 3 4 5 
I I I I I 

SCALE IN INCHES 

IO 

59 IN. 
PER 

NACELLE 
05- - 

WBDVE WING 

BELOW WING 

INTERNAL CROSS-YCTIDN AREA DISTRIBUTION OF NACELLE DUCT 

. 

FIG. 2. DETAILS OF THE WING AND NACELLE. 
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FIG. 3. VARIATION OF THE LlFT COEFFICIENT 
WITH INCIDENCE FOR THE BASIC MODEL. 
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FIG. 4. VARIATION OF PITCHING MOMENT 
COEFFICIENT WITH LIFT COEFFICIENT 

FOR THE BASIC MODEL. 



(a> a = 0: CL = =-0.02 b) a = 2.10: CL = 0.14 

5. = 0.32 (6 a = 5.45 cL = 0.41 

(e> a = 6.4y CL = 0,49 
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0 VARIATION OF LIFT COEFFICIENT WITH INCIDENCE. 
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CD) VARIATlON OF PITCHING MOMENT COEFFICIENT 
WITH LIFT COEFFICIENT. 

FIG. 6(a 6 b). COMPARISON OF THE LIFT AND 
PITCHING MOMENT OF THE BASIC MODEL WITH 

THOSE OF THE WING OF REFERENCE 5. 
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FIG. 7. VARIATION 6F LIFT COEFFICIENT WITH 
MACH NUMBER AT CONSTANT INCIDENCE b 

FOR THE BASIC MODEL. 1 
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FIG. 8. VARIATION OF THE LIFT CURVE 
SLOPE &j WITH MACH NUMBER. 
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FIG. 9 . VARIATION OF PITCHIIUG MOMENT 
COEFFICIENT WITH MACH NUMBER 
ATCONSTANT LIFT COEFFICIENT 

FOR THE BASIC MODEL. 
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FIG.1 I . VARIATION OF DRAG COEFFICIENT 
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BASIC MODEL. 
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WITH Cz, FOR THE BASIC MODEL. - 
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FIG. 16. VARIATION OF LIFT COEFFICIENT 
WITH INCIDENCE FOR THE MODEL 
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FIG. 17. VARIATION OF PITCHING MOMENT 
COEFFICIENT WITH LIFT COEFFICIENT FOR 

MODEL WITH AND WITHOUT NACELLES. 



FIG. 18. VARIATION OF THE DRAG 
COEFFICIENT WITH LIFT COEFFICIENT FOR 
THE MODEL WITH AND WITHOUT NACELLES. 



FIG. 19. VARIATION OF LIFT COEFFICIENT WITH 
INCIDENCE FOR THE MODEL WITH AND WITHOUT 

FLOW THROUGH THE NACELLES 
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FIG. 20. VARIATION OF PITCHING MOMENT 
COEFFICIENT WITH LIFT COEFFICIENT 
FOR THE MODEL WITH AND WITHOUT 

FLOW THROUGH THE NACELLES. 
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FIG. 21. VARIATION OF DRAG COEFFICIENT 
WITH LIFT COEFFICIENT FOR THE MODEL 

WITH AND WITHOUT FLOW THROUGH 
THE NACELLES. 
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FIG. 22. EFFECT ON LIFT COEFFICIENT OF 
ADDING LEADING EDGE VORTEX GENERATORS. 
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FIG. 23. EFFECT ON PITCHING MOMENT OF 
ADDING LEADING EDGE VORTEX GENERATORS. 
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FIG. 25. EFFECT OF AILERON EDGE 
GAPS ON LIFT COEFFICIENT. 
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0. Ok 

ct 

0.02 

0 

lir n PORT 0 
h 8 ” v 

STBD. 5.8 UP 

0 6 0 &O 

STBD 9.9 UP 
PORT 5*I”DOWN 
STBD. 9.9 UP 

0 
-2 0 2 4 6 

FIG. 27(b). VARIATION OF ROLLING MOMENT 
COEFFICIENT WITH INCIDENCE AT CONSTANT 

MACH NUMBER FOR VARIOUS AILERON SETTINGS, 



PORT 10*IoDOWN 

0 a . AT APPROXIMATELY 4’ lNCl DENCE . 

l-6 M l-8 

(b) .A1 APPROXIMATELY 7O INCIDENCE. 

FIG.28(aaby/ARIATION OF ROLLING MOMENT 
COEFFICIENT AT APPROXIMATELY CONSTANT 
I NCI DENCE FOR VARIOUS AILERON SETTINGS . 



o-o i 

Ce 

0.01 

J- 

I- 

)- C 

0.02 

CC 

o-01 

0 

0 UP AILERON 
X DOWN AILERON INTERPOLATED POiNTS 

1 I r 
CN = 0 (BEFORE AILERON DFFLECTIObl i 

O-8 IO I 

I I I 

CN 
I 

= 0.2 (BEFORE AILERON DEFLECTION) 

I I I 
C,,, = 0.4 (BEFORE AILERON OEFLECTION) I 

FIG. 29°8”ARIAI;;ON &hi t$b=i &M&t 
l-8 

OF’ THE ROLLING MOMENT DUE TO 
CONSTANT DEFLECTION OF 

ONE AILERON. 



0 0 n 0 n ,PORT O” w ” STBD. Sd UP 

I 
0 
-’ 

PORT 0 
STBD. 5*8hP 

0 2 4 6 8 u” 

STBD. 4*6O UP 
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FIG. 33.COMPARlSON OF BODY SIZES OF THE 
SCALE AIRCRAFT AND THE TESTED MODEL. 
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A.R.0, C.P. NI. 38 533.6.011.35/5 Bristol 188 

WIND TUNNEL TESTS AT MACH NUMBERS UP TO 1.8 ON A MODEL WITH l/36 
SCALE WINGS AND NACELLES OF A TWIN-ENGINED SUPERSONIC AIRCRAFT 
(BRISTOL 188). Sutton, E-P., Hutton, P.G. and Squire, L.C. 
February 1958. 

Tests have been made in the R.A.E. Bedford 3 foot tunnel on a model 
representing the exposed wing and nacelles of the Bristol 188 afrcraft, 
mounted on an ogfve-cylinder body. The wing was unswept inboard but had a 
swept-back leading edge outboard of the nacelles. Lift, drag, and pftchfng 
moment, end rolling moment due to aileron deflection, were measured at Mach 
numbers bet en 0.7 and 1.02 and between 1.4 and 1.8 at a Reynolds number 
of 1.7 x k? 10 based on mean aerodynamic chord. 

At high subsonic speeds separations on the unswept inner wing dominate 
the characteristics of the model at incidence. Fitting leading edge vortex 
generators delays the effects of leadfng edge separation. The honrbalanced 
ailerons are effective throughout the test range. 

The surface oil-flow technique was used as an aid to interpretation of 
the measurements. 

L.R.C. c,r. NO. 793 533.6.011.35/5 Bristol 188 
I 

WIND TUNNEL TESTS AT MACH NUMBERS UP TO 1.8 ON A MODEL WITH l/36 
SCALE WINGS AND NACELLES OF A TWIN-ENGINED SUPERSONIC AIRCRAFT 
(BRISTOL 1881. Sutton, E.P., 
February 1958. 

Hutton, P.G. and Sclufre, L.C. 

Tests have been made in the R.A.E. Bedford 3 foot tunnel on a model 
representing the exposed wing and nacelles of the Bristol 188 aircraft, 
mounted on an ogive-cylfnder body. The wing was unswept inboard but had a 
swept-back leading edge outboard of the nacelles. Lift, dreg, and pitching 
moment, and rolling moment due to aileron deflection, were measured at Mach 
numbers bet en 0.7 and 1.02 and between 1.4 end 1.8 at a Reynolds number 
of 1.7 x 10 r” based on mean aerodynamic chord. 

At high subsonic speeds separations on the unswept inner wing dominate 
the characteristics of the model at incidence. Fitting leading edge vortex 
generators delays the effects of leading edge separation. The horn-balanced 
ailerons are effective throughout the test range. 

The surface oil-flow technique was used as an aid to interpretation of 
the measurements. 
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WIND TUNNEL TESTS AT MACH NUMBERS UP To 1.8 ON A MODEL WITH l/j6 
SCALE WINGS AND NACELLES OF A TWIN-ENGINED SUPERSONIC AIRCRAFT 
CBRIST~L 188). Sutton, E.P., Hutton, P .G. and Squire, L.C. 
February 1958. 

Tests have beermmade in the R.A.E. Bedford 3 foot tunnel on a model 
representing the exposed wing and nacelles of the Bristol 188 aircraft, 
mounted on an oglve-cylinder body. The wing was unswept inboard, but had a 
swept-back leading edge outboard of the nacelles. Lfft, drag, and pitching 
moment, and rolling moment due to aileron deflection, were measured at Mach 
numbers bet een 0.7 and 1.02 and between 1.4 and 1.8 at a Reynolds number 
of 1.7 x 10 t? based on mean aerodynamic chord. 

At high subsonic speeds separations on the unswept inner wing dominate 
the characteristics of the model at incidence. Fitting leading edge vortex 
generators delays the effects of leading edge separation. The horn-balanced 
aflerons are effective throughout the test range. 

The surface oil-flow technique 1 8:,-s used as an aid-to interpretation of 
the measurements. 
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