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Jet/Intake Interference in Short Take off,
Vertical Landing Aircraft

A.J. Saddington* and K. Knowles'
Cranfield University, RMCS, Shrivenham, Wiltshire SN6 8LA, United Kingdom

An experimental programme was conducted to investigate the aerodynamic interference effects between the jet-
and intake-induced flows and the lifting surfaces of a generic jet-lift short take-off and vertical landing aircraft
in transitional flight, out of ground effect. The tests were carried out in an open-jet wind tunnel, and the model
was equipped with a single, variable position, vectored lift-jet and powered intakes. Static pressure measurements
were made on the wing and intake lips from which airloads were inferred. The effect of jet to intake mass flow ratio
on jet/intake aerodynamic interactions was investigated. The experiments conclude that a mutual interference
exists between the jet and intake flows, which generates nonlinearly additive loads on the airframe. The combined
jet- and intake-induced interference on the wing increased with increasing jet to intake mass flow ratio. Ignoring
jet/intake interference effects gave a consistently lower overall wing root lift loss, which was equivalent to up to

0.75 deg of incidence.
Nomenclature
A, = throat area of one intake [0.002], m?
C, = sectional lift coefficient, {{ /g c}
C = intake normal force coefficient,
{ Pt }
oo
c, = pressure coefficient {(p — Puo)/qoo}
c = wing chord, m
d;, = equivalentintake diameter /(4 A; /)
d, = nozzle diameter [0.0254], m
/ = sectional lift, N
M = Mach number
P = total pressure, Pa
p = static pressure, Pa
q = dynamic pressure, Pa
14 = velocity, ms™!
V, = effective velocity ratio {(Mo/M;) /(P /P;)}
ACl(rool) = {Cl(rool)/cl(rool) (datum)} -1
0 = density, kgm™3
Subscripts
a = atmospheric (outside working section)
c = settling chamber
Jj = jet
root = wing root
) = freestream (crossflow)

Introduction

HORT take off, vertical landing (STOVL) aircraft introduce
many aerodynamic characteristics unique to their operation.
The flow fields surrounding such aircraft during transition from
hover to wingborne flight are of particularimportance. Transitional
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flightis dominated by the phenomenonof the jetin cross-flow, which
has, consequently,received considerable attentionin the literature.!
The jet in crossflow is, however, only one element of the flowfield
surrounding a STOVL aircraft during transition. It is essential to
determine the overall performance of STOVL designs during this
criticalflightregime and accountfor the interferenceeffectsbetween
the airframe and the entire propulsion system.

During wind-tunnel testing of jet-lift STOVL aircraft, it is usual
to simulate the jet efflux but not the intake flows. The intakes, which
are commonly faired over or are unpowered, are generally tested in
separate wind-tunnelexperiments. This procedure,however,ignores
any mutual interferences that might exist between jets, intakes, and
wings, but is adopted because of the complexity and expense of
building a fullypowered, fully metric STOVL wind tunnel model.
The forces acting on the wind tunnel model are deduced by the
linear addition of the forces measured from the two separate tests.
There is some doubt as to the validity of this approach, particularly
for STOVL aircraft with their close-coupledlift systems.2

Some research has been done in the pastin an attempt to ascertain
the significance of jet/intake interference effects on a wind-tunnel
model. These studies, however, have suffered from unrepresenta-
tively low intake mass flow rates relative to the jets® or low Reynolds
number and Mach number jet flows.* Other works®® have only pre-
sented total forces and moments or surface pressures, and little at-
tempt has been made to isolate and identify any possible jet/intake
interference effects.

More recently, we have carried out an experiment at the Royal
Military College of Science (RMCS) to measure jet/intake inter-
ference effects on a generic STOVL jet-lift aircraft under constant
jet/intake mass flow ratio conditions.” Both jetand intake flows were
simulated at realistic conditions, and measurements were made of
wing and intake pressures from which airloads were inferred. The
results concluded that a mutual jet/intake interference effect did in-
deed occur for the STOVL configuration tested confirming the con-
cerns Harris et al.2 had regarding the superposition of separate jet
and intake force measurements. With both intakes powered and jet
blowing, the resultant effect on the wing lift was not the numerical
sum of the two in isolation.” Mutual interferenceeffects were found
to be generally insensitive to nozzle pressure ratio (NPR) {P./P,}
at constantjet to intake mass flow ratio.” Nozzle position (forward
of the intake plane) also had little influence on the interference
effect.’

The work presented here extends that described earlier by ex-
amining the effect of varying jet to intake mass flow ratio on the
jet/intake interference effects.
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Fig. 1 Schematic layout of the wind-tunnel model.

Fig. 2 Jet nozzle used in the tests.

Wind-Tunnel Model
To maintain consistency with previous work, the same wind-
tunnel model was used for these experiments (Fig. 1). It was a
tailless generic STOVL aircraft with a shoulder-mounted wing of
approximately 1-m span and rectangular side-mounted intakes.

Jet Simulation

A single convergentjet nozzle (Fig. 2) of 25.4 mm exit diameter
was provided, representingthe forward lift jet, vectored aft 60 deg to

Fig. 3 Starboard wing showing the flap and pressure tappings.

the horizontal. The nozzle was of a simple convergentdesign® The
nozzle convergencehad a length equal to one-quarter of the exit di-
ameter and a half angle of 10 deg. The nozzle could be locatedin one
of threedifferentpositionsrelativeto the wing and intakes: 90 mm aft
of the intake plane (approximatelyin line with the wing rootleading
edge), in the same plane as the intake, or 90 mm ahead of the intake
plane. The jet was powered by compressed air at ambient tempera-
ture and fed to the nozzle via a settling chamber situated in the fuse-
lage (Fig. 1). Nozzle mass flow rate was varied by changingthe NPR.

Wing

The wing had a NACA 1408 section with a moderately swept and
tapered planform (Fig. 3). A plain flap was included with a hinge
line at 75% chord. The flap extended from 30 to 70% semispan and
could be deflected up to 50 deg. For these tests, a flap setting of
45 deg was used. A total of 33 static pressure tappings, at spacings
of approximately 5% chord, were set into the starboard wing upper
and lower surfaces at 25% semispan. The pressure tappings were
0.5 mm in diameter.

Intakes

The intakes were rectangularin section with a 2:1 aspectratio and
parallel sides. The lip section was elliptical with a 3:1 aspect ratio.
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Fig. 4 Side view of the model in the RMCS 1.5 X 1.1 m open-jet wind
tunnel.

Fig. 5 Support struts and compressed air supply to the model.

The intakes were ducted along the sides of the fuselage and then
combined to form a single circular exit at the rear of the model. A
total of 46 static pressuretappings,of 0.5 mm diameter, were located
on the starboard intake nacelle centerline, around the lip area, and
extended aft to approximately one equivalentintake diameter d;, on
the inner and outer surfaces of the upper and lower intake walls. The
intake airflow was provided by a large centrifugal fan connected to
the model via 65-mm-diam duct work, which included two 90 deg
bends and diffused to 225 mm diameter before the fan (Fig. 4).

Test Facilities

Tests were carried out in an open-jet wind tunnel at RMCS. The
tunnel nozzle is elliptical with dimensions of 1.5 m wide by 1.1 m
high, and the working section is 2 m long. Dynamic pressure was
measured using a method suggested by Kuenstner et al.” The wind-
tunnel control system was adapted so that the fan could be computer
controlled by a 286-based personal computer. Working section dy-
namic pressure was held to a tolerance of £0.25% using this system.

The model was located centrally in the working section and sup-
ported on five adjustable struts enabling pitch, roll, and yaw adjust-
ment (Fig. 5). For the current tests no pitch, roll, or yaw angles were
set, the wing being at 0 deg angle of attack. Note, however, that the
wing was lifting due to the 1% wing camber and the 45 deg flap
setting.

Compressed air was supplied to the fuselage settling chamber
through a 63.5-mm-diam semi-flexible hose to the top of the model
(Fig. 5). Two screw-type Howden compressors were available to
supply up to 0.9 kgs™! at 7 bar gauge, running in series, or 1.8 kgs™'
at 4 bar gauge, running in parallel. This permitted tests to be run
continuously. NPR was also computer controlled to a tolerance of
£0.25% using the same system that controlled the wind tunnel but
running on a separate 486-based personal computer.

Table1 Mass flows and ratios
for the tests

NPR Jet i, kgs™! Mass flow ratio

1.0 N/A 0.0

1.586 0.189 0.440
2.0 0.244 0.567
3.0 0.367 0.853
4.0 0.489 1.137

Experimental Procedure

The compressor driving the intake suction was not speed con-
trolled and so the intake mass flow rate was held constant at
0.43 kgs™'. The total intake area 2A; was 0.004 m?, which gave
a mean intake throat Mach number of approximately 0.3. For a
nominal intake Mach number of 0.3, the capture area ratio A,/ A;
was 10.2,5.1,and 3.4 at crossflow velocitiesof 10,20, and 30 ms™!,
respectively.The jet mass flow rate was variedby changingthe NPR.
Theoretical jet mass flow rates and jet/intake mass flow ratios are
given in Table 1.

Tests were carried out under the following conditions:

1) NPRs of 1.586,2.0, 3.0, and 4.0;

2) three differentnozzle positions (forward, center and rearward);

3) crossflow velocitiesof 10,20, and 30 ms™! (nominal velocity);
and

4) out of ground effect (the model was 1.5 m, or approximately
60 nozzle diameters, from the laboratory floor).

Four model configurations were tested:

configuration A, intakes faired, jet off;

configuration B, intakes faired, jet on;

configuration C, intakes powered, jet off; and

configuration D, intakes powered, jet on.

When the jet was off, the nozzle was replaced by a blank, leaving
the lower surface of the fuselage flush. By comparison, the nozzle
protruded slightly below the fuselage, as can be seen from Figs. 1
and 4.

Results and Discussion

Results are categorized as follows.

1) Configuration A providedthe datum wing pressuredistribution
case.

2) Configuration B, when compared with configuration A, shows
the effect of the jet flowfield on the wing C,, distribution.

3) Configuration C, when compared with configuration A, shows
the effect of the intake flowfield on the wing C,, distribution.

4) Configuration D, when compared with configuration A, shows
the simultaneous effect of the jet and intake flows on the wing C,
distribution.

Finally, the important comparison will be made between the two
methods of determining the total interference effect of the jet and
intakes on the wing: 1) the linear addition of configuration B and C
results and 2) the configuration D results.

To enable the calculation of Cjtooy, a C, value of 0.0 at
x/chord=1.0 was added to the recorded data. Although this fig-
ure may be incorrect, its inclusion permits comparisonsto be made.
The parametric effects observed were considered more important at
this stage than the exact numerical values. The measured wing root
static pressures were integrated along the chord to give the sectional
lift coefficient Cjoory. Only linear variations between data points
were used for this integration. Although this undoubtedly leads to
some errors, particularly in the leading-edge region, they were not
felt to be significant for comparative purposes.

Fluctuationsin wind-tunneldynamic pressure have a directinflu-
ence on the measured static pressures on the model. The tolerance
on the wind tunnel control software was set to +0.25%. The man-
ufacturer’s quoted error for the pressure transducer measuring the
static pressuresis 1% of reading. Errors due to temperature driftand
fluctuations in NPR were estimated to account for a further 0.25%
error in the static pressure readings. Jet operation was found to have
no measurable effect on model incidence, which was attributed to
the rigid support structure. The theoretical error in static pressure
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Fig. 6 Wing upper surface pressure distribution, intakes faired, for-
ward nozzle position, g, =61.3 Pa.
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Fig. 7 Main jet-induced interference effects on the wing.

measurement was, therefore, taken to be £1.5%. When integrated,
the C, distributions would also contain an error of +1.5%. The
combination of C,, distributions to obtain force coefficients would
compound this error to £3% for Coory and 6% for C,;. The es-
timated errors are shown as vertical bars in the appropriate graphs.
This does not include additional, unquantified errors due to the spa-
tial resolution of the pressure tappings as discussed earlier.

Effect of the Jet on the Wing

Figure 6 shows a typical wing upper surface pressure distribution
for the five different NPRs at a freestream velocity of 10 ms™!. The
effect of the jet was to reduce the suction pressures on the forward
section of the wing up to about the 50% chord point, although for
an NPR of 4.0, the wing pressure distribution was changed all of the
way back to the rearmost pressure tapping. There were also rela-
tively large changes in the leading-edge static pressures, indicating
a significant shift in the forward stagnation point. The observed jet-
inducedinterferenceeffect was due to the vertical component of the
jet entrainment flowfield (Fig. 7).

From the graph it is clear that as nozzle mass flow rate was
increased the jet-induced interference on the pressure distribution
increased also. This was attributed to the stronger downwash gen-
erated as the mass flow rate of the jet was increased. A computa-
tional fluid dynamics (CFD) simulation was developed to provide
additional insightinto the downwash flowfield generated by the jet.
The simulation consisted of a simple round turbulent jet inclined at
30 deg to a flat plate, simulating the conditions on the underside of
the wind-tunnel model. A Reynolds-averaged Navier-Stokes code
(the commercial PHOENICS code) employing the k-¢ turbulence
model was run with a structured hexahedral mesh of approximately
125,000 cells. The CFD simulation showed that there was a distinct
differencein the downwash velocity (Fig. 8) at differentnozzle mass
flow rates up to a freestream distance of about 104, (Ref. 10).

On the lower surface of the wing (Fig. 9) there was the usual
jet-induced suckdown effect present. The effect of varying nozzle
mass flow rate can also be seen in Fig. 9. Increasing mass flow
rate increased the suction pressures forward of the 75% chord point
reducing the overall lift on the wing. As with the upper surface, the
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Fig. 8 CFD-predicted downwash for a round jet vectored 60 deg, 5d,,
below nozzle exit, g, =61.3 Pa.
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Fig. 9 Wing lower surface pressure distribution, intakes faired, for-

ward nozzle position, g, =61.3 Pa.

higher the mass flow rate, the greater the jet-induced interference.
Upper and lower surface pressure distributions were integrated to
give the wing root sectional lift coefficient C;o0r). The jet-induced
lift loss was given by the difference of the jet off (configuration A)
and jet on cases (configuration B).

In all cases, the jet operation was detrimental to the aerody-
namic performance of the wing and resulted in wing root sec-
tional lift losses A Co0p Of between —0.042 (—17.5%) and —0.234
(—89.4%). The three-dimensionallift curve slope for the wing was
calculatedto be 3.764/rad (Ref. 11). The observed changein Cj oo
was equivalent, therefore, to a reduction in wing root incidence of
between 0.6 and 3.6 deg. This agrees quite well with Mineck and
Margason’s® aircraft for which jet-induced lift loss resulted in a
reduction in wing incidence of 0.4 deg at V, =0.1.

Increasing nozzle mass flow rate increased the jet-induced in-
terference effect on the wing. Effective velocity ratio also had a
strong influence on the jet-induced interference. The lower V, is,
the greater the interference. Nozzle position, however, did not have
a strong influence on the interference effect. Table 2 summarizes
the effect of the jet on Cj,0y) for the center nozzle position.

Effect of the Intake on the Wing

Figure 10 shows the wing upper surface pressure distribution
with the intakes faired and with the intakes powered for 10-ms™!
crossflow velocity. The intake flow reduced the suction pressures on
the upper surface of the wing, forward of the 50% chord point. The
overall effect was that the wing upper surface lift was reduced. The
reason for the change was the presence of the intake flow. With the
intakes faired, the airflow over the upper surface of the wing was
relatively unobstructed by any part of the airframe.

With the intakes powered, however, the intake capture streamtube
deflected the flow ahead of the wing, which changed the local flow
direction of the freestream air flowing over the wing upper surface.
This resulted in the observed changes (Fig. 11).
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Table 2  Effect of the jet on Cy(,,,)
(center nozzle position)

NPR Ve Cl(mm) ACl(mm)
1.0 00 0.261 N/A
1.586 0.035 0.185 —0.077
2.0 0.029 0.148 —0.113
3.0 0.023 0.096 —0.165
4.0 0.020 0.045 —0.216
1.586 0.070 0.194 —0.061
2.0 0.057 0.175 —0.079
3.0 0.047 0.176 —0.078
4.0 0.040 0.174 —0.080
1.586 0.105 0.198 —0.043
2.0 0.086 0.182 —0.059
3.0 0.070 0.171 —0.070
4.0 0.061 0.159 —0.082
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Fig. 10 Wing upper surface pressure distribution, jet off, g, =
61.3 Pa.
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Fig. 11 Observed intake/wing interference effects.

Table 3 Effect of the intake on the wing

goo, Pa Intakes
(Vao, ms™1) powered Ci(root) ACiroo
61.3(10) No 0.261 N/A
61.3(10) Yes 0.317 0.056
245 (20) No 0.254 N/A
245 (20) Yes 0.277 0.022
511(30) No 0.241 N/A
511 (30) Yes 0.251 0.010
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Fig. 12 Winglower surface pressure distribution, jet off,q., =61.3Pa.

Visualizationof the flow around the intake and wing leading edge,
using a tuft probe, indicated that the intake introduced a downward
velocity componentinto the freestreamahead of and above the wing
leading edge. At a freestreamdynamic pressure of 61.3 Pa (10-ms™!
nominal crossflow velocity), the capture area ratio of the intake was
approximately 10, and so this effect was quite noticeable. As the
freestreamdynamic pressure was increased, the capture arearatio of
the intake decreased,becoming 5 at 245 Pa (20-ms™! nominal cross-
flow velocity) and 3 at 551 Pa (30-ms™' nominal crossflow velocity).
This resulted in a smaller change in flow direction into the intake.
Hence, the intake-inducedinterference reduced with increasing dy-
namic pressure.

On the lower surface of the wing (Fig. 12), the effect of the intake
flow was more marked than on the wing upper surface. With the
intakespowered, the suctionpressuresovermost of the lower surface
of the wing were more positive,increasing the lift on the wing. With
the intakes faired, the freestream air was accelerated by the fairing
before passing under the wing lower surface.

With the fairing removed, this acceleration was no longer present.
Most of the air that would be diverted around the intake and over
the wing was now being sucked into it (Fig. 11). As a result, the air
flowing under the wing was of a lower velocity. This is thought to
be the main reason for the difference between the two cases. There
will also be a capture streamtube deflection effect similar to that on
the upper surface. As with the upper surface, increasing freestream
dynamic pressure reduced the intake-induced interference effect.
Integrating the upper and lower surface pressure distributionsto ob-
tain Cjo0r) Showed that with the intakes powered the upper surface
lift contribution was reduced at all freestream dynamic pressures.
The percentage reduction was highest at the lowest freestream dy-
namic pressure.On the lower surface, the intakes powered condition
gave a lift enhancement that was greater than the reduction on the
upper surface. The net effect was that the wing generated more aero-
dynamic lift with the intakes powered than with the intakes faired
(Table 3).

Atafreestreamdynamicpressureof 61.3 Pa, the effectiveincrease
in wing incidence due to intake suction was approximately 0.5 deg,
reducing to 0.2 deg at 245 Pa and 0.1 deg at 551 Pa. Mineck and
Schwendemann® determined from force and moment data that the
effect of intake plugs on their model was effectively to reduce the
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angle of attack of the wing by 1-2 deg. When it is consideredthat the
intakes on their model were proportionatelylarger than on the one
presented here, the 0.5 deg increase in wing root incidence would
seem reasonable. Note that both these experiments used a model
with a high-mounted wing. A mid- or low-mounted wing would
undoubtedly give different results.

Effect of the Jet on Intake Flow

To determine the extent to which the jet altered the intake flow,
the pressure distributions around the intake lips were examined. In
general, the jet entrainment introduced a localized velocity compo-
nent into the freestream that deflected the intake capture streamtube
(Fig. 13).

Figure 14 shows a typical intake lower outer surface pressure dis-
tribution for the center nozzle position. In this case the freestream
dynamic pressure is 551 Pa. With the jet off, the C,, values on the
majority of the lower outer surface of the intake were zero. This
is typical of the pressure distribution on a flat surface at 0 deg in-
cidence to the freestream. Nearer the intake lip, the static pressure
increases until the stagnation point is reached which, although not
clearly captured on the graph, is nevertheless on the outer surface
of the intake. This indicates that even at the highest freestream dy-
namic pressure, the intake is operating at a high level of suction,
consistent with a STOVL aircraft operating at high power levels
and low forward speed.

With the jet blowing, the C), values on the lower outer surface of
the intake were substantially more negative than with the jet off, of
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Fig. 13 Jet-induced interference effects on the intake.
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Fig. 14 Intake lower outer surface pressure distribution, intakes pow-
ered, center nozzle position, g, =551 Pa.

Table 4 Effect of the jet on the intakes,
center nozzle position

NPR v, Coi AC,;

1.0 00 —3.343 N/A

1.586 0.035 —4.472 —1.129
2.0 0.029 —4.922 —1.579
3.0 0.023 —5.837 —2.494
4.0 0.020 —6.215 —2.873
1.0 00 —0.934 N/A

1.586 0.070 —1.402 —0.467
2.0 0.057 —1.508 —0.574
3.0 0.047 —1.619 —0.684
4.0 0.040 —1.649 —0.715
1.0 00 —0.539 N/A

1.586 0.105 —0.757 —0.218
2.0 0.086 —0.825 —0.286
3.0 0.070 —0.831 —0.292
4.0 0.061 —0.885 —0.346
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Fig. 15 Intake upper outer surface pressure distribution,intakes pow-
ered, forward nozzle position, g, =551 Pa.

the order of —0.25C,,. The lower pressure coefficients were caused
by a combination of the action of the jet entraining ambient air,
increasing the local air velocity over the intake lower surface, and
a change in the local flow direction. Increasing jet to intake mass
flow ratio increased the interference effect observed.

On the lower and upper intake surfaces, the main effect of the jet
was to change the suction pressures around the intake lip, reducing
them on the lower inner surface and increasing them on the upper
inner surface.

On the upper outer surface of the intake (Fig. 15), there was
a small jet-induced interference. The effect of the jet was to de-
crease the positive pressures on the surface of the intake. The higher
the nozzle mass flow rate, the greater the jet-induced interference.
The interference effect was much smaller than for the lower outer
surface due to the greater distance between the upper surface of the
intake and the jet. The data agree quite well with those of Mineck
and Margason’

The pressure distributions were integrated to give an intake nor-
mal force coefficient C,; (negative indicating a downward force).
This provided an indication of the changes in airload seen by the
intake due to jet operation. Table 4 summarizes the variationin C,;
with jet operation for the center nozzle position.

Figure 16 shows the variationin C,,; with NPR for the three nozzle
positions and a freestream dynamic pressure of 245 Pa. Increasing
jet to intake mass flow ratio increased the downward force on the
intake. This is due to the higher downwash velocity, which has been
shown to exist in the flowfield.

Jet/Intake Mutual Interference

To determine the overall performance of the aircraft with both the
jet and intakes operational, the usual practice is to take the linear



930 SADDINGTON AND KNOWLES

O_
e S
3
e
-1 T ﬁ
g o
-3 1 Estimated error
—0o—— Forward
—2—— Centre
—O—— Rearward
-4 T T T
2 3 4
NPR

Fig. 16 Variation in C,; with NPR for three nozzle positions, g, =
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Fig. 17 Wing upper surface pressure distribution, intakes powered,
forward nozzle position, g, =61.3 Pa.
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Fig. 18 Wing lower surface pressure distribution, intakes powered,
forward nozzle position, g, =61.3 Pa.

sum of the jet-induced interferenceand intake-inducedinterference
on the wing.

With both the jet blowing and the intakes powered, the expecta-
tion might be that the wing upper and lower surface pressure dis-
tributions would be some combination of the isolated jet and intake
configurations (tests B and C) described earlier, and this was indeed
the case. In general, the wing showed less negative C,, values on the
upper (Fig. 17) and lower (Fig. 18) surfaces of the wing than with
just the jet blowing.

Analysis of the data from simultaneous jet/intake testing shows
that the numerical sum of the interference effects on the C;g o0
values generated by the jet and intake tested separately was not

Table 5 Comparison of testing jet and intakes
separately and simultaneously, center nozzle position

ACl(mm) ACl(mm) ACl(mm)
NPR Ve (separate)  (together) (% difference)
1.586  0.035 —0.021 —0.067 —17.68
2.0 0.029 —0.057 —0.054 1.00
3.0 0.023 —0.109 —0.178 —26.50
4.0 0.020 —0.160 —0.242 —31.55
1.586  0.070 —0.038 —0.053 -5.79
2.0 0.057 —0.057 —0.066 —3.81
3.0 0.047 —0.056 —0.071 —6.05
4.0 0.040 —0.058 —0.064 —2.53
1.586 0.105 —0.033 —0.048 —6.28
2.0 0.086 —0.048 —0.062 —5.83
3.0 0.070 —0.060 —0.072 —4.96
4.0 0.061 —0.072 —0.081 —3.85
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Fig. 19 Effect of separate jet and intake testing on AC (gor)> CeNtEr
nozzle position, g, =245 Pa.

the same as with the jet and intakes in operation together. The
discrepancy was the jet/intake mutual interference, in particu-
lar the effect of the jet on the intake flow. It has already been
demonstrated that this is the case for constant jet/intake mass flow
ratios.”

Figure 19 shows the effect of varying jet/intake mass flow ratio
with a freestream dynamic pressure of 245 Pa and a center nozzle
position. As mass flow ratio is increased, the lift loss on the wing
(jet-only cases) increases. This has already been described. The
combined effect of separate jet and intake testing is to shift the
wing root interference lift loss, caused by the jet, a fixed amount,
which was determined by the configuration C tests. This method
of determining the wing lift loss only takes into account the effect
of freestream dynamic pressure on the results and not the effect of
NPR or nozzle position.

With the jet and intakes operating simultaneously, the wing lift
loss falls between the two and follows the same NPR trend as the
effect of the jet on the wing, and so, whether taken separately or
together, the trend with NPR is generally the same.

Table 5 compares the ACj o0 Values for separate and simultane-
ous jet and intake testing. It is clear that for this particular STOVL
configuration the simultaneous jet and intake testing gave consis-
tently more wing root lift loss than is obtained from separate jet and
intake testing. Increasing jet/intake mass flow ratio increased the
ACjo0y values for both the separate and simultaneous testing, and
so this parameter does not appear to influence the magnitude of the
error obtained from separate jet and intake testing, which was up to
—0.08 AC)o0r (0.75 deg incidence).

Conclusions

In general, the jet entrainment appeared to introduce a local-
ized velocity component into the crossflow that altered the wing
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upper and lower surface pressure distributions. The jet-induced lift
loss varied between —0.042C 001y and —0.234C) o0 . The latter is
equivalentto a reductionin wing rootincidenceof over 3.5 deg. The
changes were found to be strongly influenced by nozzle mass flow
rate and effective velocity ratio V,.

The effect of the intakes on the wing was to create a lift enhance-
ment. This was due to the intake flow altering the local velocity
and direction of the freestream ahead of the wing. At the lowest
freestream dynamic pressure tested (61.3 Pa), the lift enhancement
was equivalentto a 0.5 degincreasein wing incidence. As freestream
dynamic pressure was increased, the lift enhancing effect reduced
becoming 0.2 deg at 245 Pa and 0.1 deg at 551 Pa.

Jet-induced interference introduced a velocity component into
the freestream, which affected the intake flow as well as the airflow
over the wing. This created a download on the intakes, which was
determined from the intake static pressure distributions. Increasing
jet/fintake mass flow ratio increased AC,;, particularly at the lowest
freestream dynamic pressure.

In general, there was a discrepancy between the ACj o0 Values
obtained from separate and simultaneousjet and intake testing. The
discrepancy between the two methods varied between —0.08 and
0.0AC) o0y depending on the model configuration and test param-
eters. This is equivalent to nearly 0.75 deg in wing root incidence.
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