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SUMMARY

Low-speed wind-tunnel tests have been made on a body with a vertical

Jet efflux to investigate the interference loads arising from the interaction
between the mainstream and the efflux. As the ratio of free-stream velocity
to jet efflux velocity 1s increased from zero, the 1ift increment due to the
Jet 1s reduced by the interference and a nose-up pitching moment increment

1s produced. Forward movement of the jet exat increases the lift loss, If
a wing 1is fitted, an appreciable alleviation of the 1ift loss arises from

the circulation lift carried on the wang, but the nose~up pirtching moments

are larger,

Replaces R.AVE. Tech.Note No. Aero.2882 - A.R.C. 24,898,
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1 INTRODUGTION

During the past few years, considerable effort has been devoted to the
development of V/STOL schemes for aircraft including the possible use of
multiple 1ifti1g engines mounted in nacelles, Wyattl has made comprehensive

wind-tunnel tests of a simple installation containing two ducted fans mounted
in & nacelle to which wings can be attached in either a high or a low position.
The results of these tests showed that the effect of increasing mainstreanm
speed s to produce large 1lift losses, together with nose-up pitching moments
which are much large than can be explained by simple considerations of the
effect of intake momentum drag. This 1ift reduction 1s largest when only ocne
ducted fan is operated, and a marked deteraoration 1s observed when the fan is
moved to a more forward station. It would appear that the 1ift loss is caused
by a low pressure region on the undersidc of the body behind the duct exit.

Since these experaments were made with both the intake and the exat
represented, it was not possible to isolate their respective effects. HMHeasurc-
ments have therefore now been made on a similar (but smaller) blowing model tn
determine the interference between the mainstream and the jet efflux alone,
1.e, wvithout an upper surface intake.

2 DETAILS OF MODEL AND TESTS

Tests were made in the No.1 114 ft x 8% ft wind-tunnel at R.4, L.
Farnborougk . on the model illustrated in Fiz.2, vhich 1s a
0.7 soale version of the one tested by Wyatt1 in the 13 ft x 9 £t wind-‘Sunnel
at R.n.Z, Bedford. The body could either be tested in isolation or wita an
unswept high waing of gross aspect-ratio 1.8. The wing mid-chord point was
lecated halfway along the body. A special dural pressure-box (Fig.3) could b
fatted into the body with its centre at either 0.4 or 0.59 of the body lengto.
The model was hung on a pair ¢of struts from the overhead balance. For
convenience, the pivot poant was slightly above half depth at the fore-and-afi
position of the centre of the jet exit, but the results have beea corrected to
give moments about the geometric centre of the body and, alternatively, the
centre of the jet exat.

The external air-feed system, illustrated schematically in Fig.1, 1s
samilar to that used in Ref.2, where it 1s described in greater detail,
Compressed air is passed through a 3 inch diameter rang main into eight equally
spaced flexible tubes and hence into the base of the strut leading to the
pressure-box (Fig.3) insade the model. The original strut was made of brass but,
because of 1ts weight and length, small errors in incadence produced quate large
changes in the zero resdings on the pitching-moment balance, Hencge, for the
present tosts, a new strut was made from glass cloth and araldite, the strut
werght being thereby reduced from 45 1b to 9 1b, so that no difficulty was
experienced in repeating pitching-moment, zeros. A strut guard, extending from
the floor of the tunnel to a point about 6 inches from the upper surface of the
model, was used to protect most of the strut from external aerodynamic forces.
The small part of the strut exposed to the mainstream had an elliptic cross
section but, waithin the strut guard, the scotion quickly changed to a circle
with its diameter equal to the major axis of' the ellipse. Inside the body, the
top of the pressure-box could be changed (Fig.3) so that the strut could hang
vertically at model aincidence angles -10°, O and +10°,
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To ensure good accuracy in the repeatability of incidence measurements, a
beam of light was reflected from a concave mirror on the model to a ground glass
screcn 1in the tunnel roof. The calibration of this screen provided about 2 inch
movement per degree, so that the incidence angle could be maintained to 0,02
degrees aven with an allowance for model vibrations at relatively high malnstream
speed. The absolute angle of incidence was measured with an inclinometer at
zeroe mainstream speed.

Measurements were made of the lift, drag and patching moment of the model,
both with and without wings, over a range of mainstream specd from O to 80 ft/sec
at angles of incidence of C° and *109,

The mass-flow rate of the compressed air was measured with the ai1d of a
4 1inch diameter orifice plate in a 6 inch daameter supply pape. The jget efflux
velocity (Vj) was detcrmined from the mass flow, as the mean velocity through

the exat which had an area of 0,200 sgq ft; fortunately, mainstream flow had no
cffect on the jet velocity for e given supply pressure., Static pressurc mecasure-
ments were also made at the base of the strut and inside the pressure-bex.

3 TXPERTIENTAL RESULTS

Nen-dimensional increments in 1ift and paitching moment due to the jot can
conveniently be plotted against the ratio of mainstrecam speed to jet efflux
velecity. There is progressive reduction in the 1ift increment due to the jet
as the mainstream speed 1s increased (Fig.l4), accompanied by a tendency for this
deficiency to become greater as the incidence becomes more positave. 4s
expected, the reduction in lift 1s greater when the efflux emerges from the
forvard duct, because there 1s then a larger lower surface area aft of the jct
to carry the suctions created by the interaction of the mainstream oand the Jot
ef'flux. TVhen the mainstrcam speed rcaches about onc~third of the jot efflux
velocaity, there i1s some decrcase in the rate of reduction of 1:ft ancrement with
nainstream specd.

On the isolated body, a further inercase ain the mainstream specd to half
of the jet offlux veloecity results in a further steepenaing of the rate of loss
of lift with mainstream speed, to such an cxtent that about half of the installced
1ift is lost, There 1s very little effect on 1lift when wings arc added to the
model with a forward jet (Fig.7) but the wings have a significant favourablc
effecect with the jJet in the aft position., Moreover, with the aft jet on the
winged model (Fig.4b), the 11ft increment even begins to recover again at the
high mainstream speed. This amplies that the circulation induced about the wing
by the get efflux ancreases as the latter 1s moved closer fto the waing trailing
edge, as might reasonably be expected.

V1th moments taken about the body centre, the forward jet produces a large
nosc~up moment at zero mainstream speed, whilst the aft jet gives an cqgually large
nose-dovn moment (Fig.5), as would be expected from the geometry. HMainstrcam
specds of up to one-third of the efflux velocaty have lattle effect on the moment
contrabution from the forward jet, but with the aft jet there 1s a rapid ro-
duction an the nose-down moment as the mainstream speed 1s increased, at least
above a speed ratio of one-tenth. Wath further increases in mainstream speed,
the moment contributions become more nosc-up, even with the forward jet.
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For the fundamental consideration of the mainstream anterference effects,
it is more helpful to discuss moments taken about the centres of the respecetive
Jet cxits, as in Fig.6. There is then a stcady increase in nose-up moment due
to interfercnce as the mainstream speed 1s increased, in ell cases the rate of
incrcase being greater on the winged model (Fig.6b). On the isolated body thore
is a tendency for a larger nose-up moment contribution from the forwerd jot than
from the aft jet as would be expected from the greater 1ift loss, Such moment
increases can, of course, arise from sither movement of the centre of the aintcr-
fercnce load behind the jet exat, changes in the magnitude of the downward load,
or both, On the winged model, the greater nose-up moments are in contrast
associated with the aft jet because substantial jet induced circulation 1ift is
then cerricd on the wing.

In Fig.8, the posaition of the centres of action of the interference load
1s plotted egainst tho ratio of mainstream speed to efflux velocity. The down-
ward interferonce load on the body alone moves rapidly rearwvards as the mein-
stream specd 1s increased to about one-fifth of the efflux velocity. Further
increase 1n malnstream spced moves the interfercnce load slightly forward but,
with a mainstream speed excceding a third of the efflux velocity, the load centre
again moves aft, With wings fitted and the aft jet, the extra upwerd inter-
feronce load duec to jet induced circulation round the wing acts near the wing
lcadang edge. The cxtra load due to wing circulation induced by the forward
Jot 1s so small (Fig.7) that 1t 1s not possible to make o realistic appraisal
of the position at which the load acts.

4 CONCLUSIONS

The effcct of the interaction between a uniform strecam and a Jét efflux
emerging perpendicularly from a body 1s to reduce the 1lift incremont duc to the
Jet. The negoetaive inteorference 1ift thus produced acts behind the jet exzt,
giving a nose-up moment contribution. Forward movement of the jot exit increases
the size of the intertercnce. On a winged model, the 1ift losses are not as hagh
as on an 1sclated body because the efflux induces favourable wing circulation
11ft, but this extra 1aft 1s accompanied by greatcr nosc-up moments,

From forthcoming experimental results on a geometracally similar model -mith
a ducted fan instead of a pure jet, 1t should be possible to derive the effocts
due to the addition of an upper surface intake,
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L length of body

d exit diameter of jet

distance of centre of action of interfercnce load from centre
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v mainstream velocity

VJ Jet efflux velocity

T installed thrust

AL  1ift increment due to the jet
AD  drag increment due to the jet

AM  moment increment due to the jet

a angle of incidence
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b) BODY ON HIGH WING
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b) BODY ON HIGH WING
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b) BODY ON HIGH WING
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