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SUMMARY

A rectangular intake having variable geometry compression surfaces and
designed for supersonic operation has been tested at a Mach number of 0.9 and a
Reynolds number based on intake entry height of approximately 106. Tests have

been made on the intake in isolation and on the side of a fuselage.

Maximum mass flow is less than estimates based on geometric throat size.
The deficit corresponds to an effective reduction in throat area of about 3 per
cent. Critical point pressure recovery is lower than predicted, but the diff-
erence can be related to a 'turning loss' factor as was the case at supérsonic

speeds.

With the compression surfaces of the intake horizontal, performance was
unaffected by angle of incidence within the range 0° to 10°. With the compres=—
sion surfaces vertical however, there was some loss in maximum mass flow and
pressure recovery at critical flow conditions at angles of incidence above about

4°, This was only partly alleviated by removal of the swept endwalls.

The presence of this particular fuselage imposed no obvious effect on the

performance of the intake.

* Replaces RAE Technical Report 73020 - ARC 34702.
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1 INTRODUCTION

An extensive programme of wind-tunnel tests has been carried out at
RAE, Bedford to investigate the internal performance of a particular rectangular

intake both in a uniform flow field and on a fuselage.

Details of the supersonic performance at Mach numbers between 1.6 and 2.5
are contained in Refs.l, 2 and 3. This Report presents the results from tests
made on the same intake at a Mach number of 0.9. Tests have been made on the
intake in isolation and also when installed on the side of a fuselage forebody
with the compression surfaces of the intake both horizontal and vertical. 1In
the case of the vertical intake the effect of removing the swept endwalls was

investigated.

2 DESCRIPTION OF THE TEST RIG

Figs.l and 2 show the intake, duct and forebody assembled on the General
Intake Test Rig used in the 3ft wind tunnel at RAE, Bedford. This rig has been
described in Ref.4. It consists of a sting support, a calibrated mass flow
control and measuring unit, a hydraulic actuator system for moving the intake
compression surface ramps and an instrumented duct with interchangeable exit

plugs for controlling and measuring the intake bleed flow.

3 DETAILS OF THE MODEL

The intake is designed for supersonic operation and the model is that used
in Refs.l, 2 and 3. The ratio of height to width at the entry plane is 1.54 and
the geometry of the compression surface ramps, cowl and bleed are as shown in
Fig.3. The first compression surface has a fixed angle 61 of 10° and the shock
from the leading edge theoretically falls on the cowl lip at a free stream Mach
number of 2.43. The second compression surface is movable and is linked to the
rear ramp. In the configuration in which the intake is mounted on the fuselage
with its leading edge vertical, the two movable surfaces are connected to the
hydraulic actuator system on the intake test rig. However, when the intake is
assembled on the fuselage so that its leading edge is horizontal this arrangement

is not possible and the movable surfaces although still linked together in the

manner shown in Fig.3, are controlled by means of a manually operated lead screw.

The gap between the second and rear ramps forms a slot for bleeding the
boundary layer from the compression surfaces and this slot extends the whole
width of the intake. The bleed air is discharged through a duct into the free
stream. Bleed exit area is varied by means of interchangeable plugs. In
addition to zero bleed, tests were done at constant ratios of bleed exit area to

intake entry area of 0.05, 0.10! and 0.174.



Two different shapes of endwall were used in these tests. One was a full
swept endwall in which the leading edge coincides with the line joining the
leading edge of the intake to the cowl lip. The other is a minimal endwall
which is sufficient to contain the space under the second ramp at maximum 62,
but otherwise has a leading edge which is vertical at the cowl lip. Details of

the two shapes are shown in Fig.4.

The area distribution through the intake and duct for various values of
62 is shown in Fig.5a while Fig.5b shows the area distribution through the
intake alone between the cowl lip and the rear hinge for those values of 52
used in the tests. The ratio of engine face cross—sectional area to maximum
intake capture area is 0.88 and the distance from the cowl lip to the engine

face is 9.89 times the intake height.

The nose and canopy only of the fuselage are represented. Fig.6 shows
details of the forebody including the relationship between the fuselage datum,
the intake datum and the nose cone centre line. The model is mounted in the
tunnel on the intake datum line so that o is the angle of incidence of the

intake relative to the wind-tunnel free stream.

4 DETAILS OF THE TESTS

4.1 Test conditions

The tests were all made in the 3ft wind tunnel at RAE, Bedford, utilising
the working section with top and bottom slotted walls. Tunnel conditions were
such as would give a free stream Mach number of 0.90 in the empty tunnel. The
effect on free stream Mach number of the intake test rig which has the rather
high blockage ratio of about 3 per cent is not known and no corrections for
wall constraint have been applied. The Reynolds number based on entry height

was approximately 106.

4,2 Instrumentation and data reduction

The standard mass-flow control and measuring unit used in these tests is
fitted with a cruciform rake having a total of 24 pitot tubes for measuring
total pressure at the engine face station. The tubes are disposed for area-
weighted averaging and the rake is rotatable to enable pressure surveys to be
made in greater detail. Static pressure at the engine face is measured by using
four holes equally spaced around the circumference. Details of the character-

istics and calibration of this type of airflow meter are to be found in Ref.S5.

The bleed duct contains twelve pitot tubes arranged in three rakes of four

tubes for measuring total pressure and three holes for measuring static pressure.



Pressure recovery is defined as:-

P P, LT
- or ?: = ;I-P—;- ZPj (1)
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where P is the free stream total pressure and Pj is the pitot pressure at

"UIH..

the jth tube in the rake at the engine face station in the case of Pf or in

the rake in the bleed duct in the case of PB; and n 1is in either case the

number of pressure points in the survey.

The ratio of engine face mass flow to maximum capture flow was computed

from:-
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where Mj = local Mach number calculated from Pj and Pes Pg being the

average static pressure at the engine face

Ae = maximum capture area
Af = area at the engine face

. . . . . . 5
Kf = discharge coefficient obtained by calibration™.

Similarly bleed mass flow ratio was computed from:-

= = T (3)

3
(l + O.2Mi>

where Pj now refers to pressures in the bleed duct and Mj is the local Mach

number calculated from Pj and Pys the average static pressure in the bleed
duct. AD is the area of the bleed duct, in this case used without a discharge

coefficient.
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The parameter used to define flow distortion at the engine face is DC6O’

defined as

DC = — (5)

where 560 is the mean total pressure in the worst 60° sector and 9 is the

mean dynamic pressure at the engine face, derived from P_ and Py

f
4.3 Accuracy

Errors in the direct measurement of engine face and bleed duct total
pressure and therefore in pressure recoveries based on free stream total pressure
are thought to be small, not more than 0.1 per cent. Uncertainty associated with
the mean tunnel Mach number and more particularly with the calibration of the
airflow meter probably means that the error in mass flow ratio could be as much

as half a per cent.

5 DISCUSSION OF RESULTS

5.1 Isolated intake

Figs.7, 8 and 9 show the internal performance of the isolated intake at
three different values of bleed exit area, including the case of zero bleed, and
for a range of values of second ramp angle 62. Pitching the intake with its
compression surfaces horizontal had no effect on the pressure recovery - mass

flow characteristics within the range of incidence investigated.

Fig.10 summarises the variation with bleed exit area of maximum total and
maximum engine face mass flow, maximum pressure recovery and critical point
pressure recovery. The effect on performance of internal contraction in the
duct and of the location of the throat in the duct is well illustrated. At
values of second ramp angle 62 above about 5° where the minimum duct area is
in the region of the bleed slot, the bleed becomes inoperative at maximum mass

flow owing to the low internal pressure.



At values of 62 between 2° and 5° it is possible to obtain small amounts
of bleed flow but as bleed exit area is increased the intake soon chokes in the
region of the bleed slot. At values of 8, below 2° the minimum duct area is
at the rear hinge and bleed mass flow increases quite normally with increasing
bleed exit area. For all values of 62 maximum engine face mass flow is

practically independent of bleed exit area. For values of 62 above about 2°
the large bleed exit area (AB/Ae) = 0.10 results in a slight reduction in

maximum mass flow. This is not clearly understood.

The apparent minimum duct area has been derived from measured maximum mass
flow and is shown in Fig.!l, together with the geometric minimum duct area and
the inlet entry area at the cowl lip. The ratio of apparent to geometric minimu

o
duct area is approximately 0.97 except when the throat is at the rear hin

which case the ratio falls to a minimum of 0.955.

Critical point pressure recovery shows a very slight increase with
increasing bleed exit area (Fig.10). This occurs with or without bleed flow
except at 62 equal to 0° where with a large bleed flow pressure recovery falls
off by about 2 per cent. Estimates of skin friction and interference losses
based on the work of Ref.6 indicate that at critical flow conditions there are

*” these

large additional losses. In reports of tests at supersonic speeds
additional losses have been ascribed to the turning of the flow in the duct
downstream of the cowl lip. In Fig.12 the losses in the present case are

plotted against w, the angle of turning between the front and rear movable

ramps. The correlation is again quite good, although the loss at 62 equal

. .
av be contained in
ay be contained 1in

1 Ja4L

Fig.l4. This shows the pressure distribution on the vertical centre line of the
duct obtained from a pitot rake near the rear hinge position as shown in Fig.3.
For each value of 62 and bleed exit area the pressure distribution is shown
for successive points on the pressure recovery-mass flow characteristic, pro-
gressing from a supercritical condition, through critical, to a subcritical
condition. At values of 62 of 5° and above, where the minimum duct area is

in the region of the bleed slot, the pressure distributions indicate that at
supercritical flow conditions the flow at the pitot rake is supersonic. Fig.13
shows a comparison of the pressure recovery indicated by the pitot tubes in the

middle of the duct when the intake is just supercritical, with the pressure



The correspondence is quite good. This expansion over the rear ramp will
inevitably be followed by a normal shock system which in general will be prac-
tically extinguished at the critical point. Most of the additional losses will
be associated with separation occurring on the surface of the rear ramp. How-
ever, at the relatively high 62 of 9°, followed by a rapidly expanding duct
downstream of the throat, there is probably still some significant shock loss

at the critical flow condition.

5.2 Intake mounted on a fuselage with compression surfaces horizontal

Pressure recovery-mass flow characteristics for the intake when installed
on the fuselage with its leading edge horizontal are shown in Fig.15. The data
were obtained at a constant bleed unit area (AB/Ae) equal to 0.10 and for
values of second ramp angle 62 equal to —100, 0° and 5°. As was the case with
the isolated intake varying the angle of incidence had no effect on these

characteristics within the range investigated.

In Figs.l6a and 16b maximum total mass flow and maximum engine face mass
flow are shown plotted against second wedge angle 62 for the intake alone and
for the intake on the fuselage. Estimates of mass flow based on intake internal
geometry have been calculated and are included for comparison. The presence of

the fuselage causes a reduction in maximum total mass flow of about 1.5 per cent.

The difference in approach Mach number between the isolated intake and
the intake on the fuselage is not known; all mass flows have been referred to
nominal free stream Mach number. However, the difference is hardly likely to
be the cause of this reduction in total flow because there is no corresponding
reduction in engine face mass face. The deficit is entirely in the bleed flow
quantity and is more probably caused by a change in bleed exit conditions due

to the presence of the fuselage.

Measured maximum engine face mass flow falls below the quantity estimated
from the intake internal geometry because of the apparent throat size referred
to in section 5.1. The difference between the measured maximum total mass flow
and the estimate based on the inlet area at the cowl lip has one of two origins
depending on the particular value of 62. For values of 52 above about 2°
it is due largely to choking at the bleed inlet and consequent failure of the
bleed to operate. At lower values of 62 it is due simply to insufficient
bleed exit area.

The negligible effect of the fuselage flow field on intake pressure

recovery is illustrated in Figs.l6c and 16d which show the variation with 62



of both critical point and maximum pressure recovery for the isolated intake and
the intake on the fuselage. Estimates of skin friction and interference losses
based on Ref.6 are also shown on this figure to illustrate the large additional

pressure recovery losses referred to in section 5.1.

5.3 Intake mounted on the fuselage with compression surfaces vertical

Figs.17 to 22 show pressure recovery-mass flow characteristics for the
intake when mounted on the fuselage with its leading edge vertical. The intake
was fitted with either two swept endwalls or two unswept endwalls. Details of
the endwall shapes are shown in Fig.4. For each endwall configuration data
are presented for a constant second ramp angle equal to ~100, with bleed exit
areas (AB/Ae) of 0,05, 0.10 and 0,174, and a range of incidence of the intake-

fuselage assembly from zero to 12°,

In Fig.23 the variation of mass flow and pressure recovery with bleed exit
area is summarised for both endwall configurations. Removing the swept end-
walls reduces the large loss in maximum pressure recovery which occurs at an

incidence of 12°,

5.4 Comparison between vertical intake and horizontal intake

The mass flows and pressure recoveries of the various configurations of
the intake when mounted on the fuselage are shown in Fig.24 for a second ramp
angle of ~10° and a bleed exit area (AB/Ae) equal to 0.10. The indications
are that at low angles of incidence (a = 0° to 40) there is little difference
between any of the configurations. However, the intake with its compression
surfaces vertical is affected by incidences above 4°, In particular the
configuration with two swept endwalls suffers a significant loss in maximum

. . o
pressure recovery at an incidence of 12,

5.5 Engine face distortion

Distortion at the engine face expressed as DC60 is shown in Fig.25. The
maximum subcritical value of DC60 is also shown. This is rarely greater than
the value at the critical point and in any case always occurs within 5 per cent
of maximum mass flow. At low angles of incidence, up to about 40, the value of
DC60 is in the region -0.25 to -0.35 for all configurations. However, at angles
of incidence beyond 4° the intake with the vertical leading edge shows some
deterioration in flow uniformity whereas with the leading edge horizontal the

uniformity is apparently unaffected.
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6 CONCLUSIONS

Measurements have been made of the internal performance of a rectangular
intake having variable geometry and designed for supersonic operation. The
measurements were made at a Mach number of 0.9 and a Reynolds number based on
intake entry height of approximately 106. The intake has been tested through a
range of angle of incidence of 0° to 10° in isolation in a uniform flow field

and in the environment generated by a particular shape of fuselage.

Maximum mass flow is slightly less than would be estimated on the basis
of geometric throat size; the deficit corresponds to a reduction in throat size

of about 3 per cent.

Internal contraction, where it is located in the region of the bleed slot,

leads to a failure of bleed operation at maximum mass flow.

Critical point pressure recovery is well below that predicted after taking
into account duct losses. However, as was the case at supersonic speeds, these
additional losses correlate well with the turning angle between the front and

rear movable ramps.

With the compression surfaces of the intake horizontal there was no
deterioration in performance with increase in angle of incidence; nor was the

performance impaired by the presence of this particular fuselage.

With compression surfaces vertical, the intake on the fuselage, suffered
. .. o
some loss in mass flow and pressure recovery at angles of incidence above 4

This was only partly alleviated by removing the swept endwalls.



AT o

L distance from the cowl lip to the rear hinge

M Mach number

P total pressure

PR pitot pressure at the rake station near the rear hinge

q dynamic pressure

P static pressure

X distance downstream of cowl lip

a angle of incidence of intake relative to free stream

61 angle between first compression surface and free stream ahead of intake

62 angle between first and second compression surfaces
angle between front and rear movable ramps

Subscripts

C at critical flow conditions

B in the bleed

e in the intake entry plane

f at the engine face

i at the cowl lip

t at the section of duct minimum area

T total, i.e. engine plus bleed

X at station X

8

NOTATION

bleed exit area
bleed duct cross-sectional area
cross—sectional area at the rake station near the rear hinge

engine face cross-sectional area

discharge coefficient

in the free stream

11
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Fig.2a Fuselage and intake with compression surfaces horizontal
assembled on intake test rig

Fig.2b Intake with compression surfaces vertical assembled on fuselage
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Fig.19 Variation of pressure recovery with
Intake with swept endwalls on fuselage with
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Fig.20 Variation of pressure recovery with mass flow.
Intake with unswept endwalls on fuselage with L E vertical
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Fig.2l Variation of pressure recovery with mass flow.
Intake with swept endwalls on fuselage with LE vertical
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Fig.22 Variation of pressure recovery with mass flow.
Intake with unswept endwalls on fuselage with LE vertical
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