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(57) Abstract

An air inlet (18-20) and
scoop (32) for aircraft auxiliary
power units to provide satisfac-
tory performance thereof under
all operational conditions, in- 52
cluding full capability for in-
flight starting at high altitudes,
whereby operational difficult-
ies caused by thick boundary
layers and adverse pressure
gradients between the inlet and
the tail cone (12) in the vicinity
of the inlet are overcome. The
inlet opening (18) is contoured
along its outer edges to con-
form to the aircraft fuselage
and has a ramp trailing inwar- .
dly into the opening, starting at the fuselage and forming the bottom surface of the inlet. The inlet has generally parallel
side walls (28 and 30) trailing inwardly, the inlet side walls (28 and 30) extending inwardly from the fuselage edges along
the inlet (18) opening. A scoop (32) is hinged adjacent the fuselage at one end of the inlet opening, the aircraft (10) having
means therein to operate the scoop (32) so as to open and close the inlet (18) opening. The scoop (32) has a closing wall
surtace (34) with respect to the inlet opening, which when in the closed position is contoured to conform with the fuselage,
the closing wall (34) surface being continuous in the open and closed positions and generally limited to the extent of the

inlet opening (20).
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AUXILIARY POWER UNIT SCOOP AND INLET

4

Background of the Invention
| Aircraft auxiliary power units have been, for
example, gas turbines located in the aft fuselage. The

05 turbines provide electrical power and compressed air on
the ground, as well as in flight. They drive the air
conditioning packs of the environmental control system,
air driven hydraulic pumps-and the starters for the wing
engines. They also provide pbwer for wing encine starts

10 during flight, up to 14,000 feet. The auxiliary power
unit generators provide electrical power to the airplane
system when the main engine generators are not operating.

Typically, the air supply to the gas turbines enters
through a 20° ramp inlet positioned in the tail cone.

;5 In thé prior art, the inlets were generally of the flush
type and did not provide sufficient pressure recovery to
consistently start and/or operate the auxiliary power
units in £light, such starting being required up to
altitudes as high as 25,000 feet. The inability to

20 start was due to thick boundary layers on the aft
body; the boundary layers vary in thickness from five

to twenty inches, for example. .
Ogee wing defectors have been used to overcome

the prior art problems, but they cause an excessive

25 amount of drag.

Summary of the Invention
It was found that various types of scoops having
side plates dissipated the boundary layer ané substan-

tially eliminated the adverse pressure gradient in the

iy
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vicinity of the inlet between the inlet and the tail
cone. It was also found that scoops without side plates _
did not recover sufficient inlet air to meet the require- 'ﬁ?
ments., '
One type of successful scoop, according to the
invention, is a rectangular box hinged at the forward end
of an inlet. The box is open to have a passage there-
through and when the inlet is closed the box extends
outwardly of the fuselage, the inner wall of the box
forming the inlet closure,
Other types of scoops, according to the invention,
are hinged to the aircraft adjacent the aft end of the
inlet opening. They have a closing wall contoured to the
fuselage and have channel forming side plates contoured
to the side walls of the inlet against which they fit on
closing.
It was found that when the side plates of the scoop
were relatively shallow toward the leading edge of the
scoop, the scoop improved the inlet air recovery because
the open scoop provided side spacing between the edges

of the forward portions of the plates and the fuselage.

Another type of scoop, according to the invention,
has longer or deeper side plates at the leading edge s0
that the side plates extend into slots in the aircraZit
to rigidly support the scoop in its open position.

Accordingly, it is an object of the invention to
provide an improved scoop and inlet combination and
method for in-flight auxiliary power units in which z=he
scoop is adapted to oven and admit sufficient air to
start operation at any altitude up to 25,000 feet and B
operate satisfactorily up to 42,000 feet.

It is another objesct of the invention to provide 3
improved scoops that dissipate relatively thick boundary
layers and eliminate advarse pressure gradients betwsaen
the inlet and the tail cone of an aircraft in the

vicinity of the inlet.

 BAD OR!GNAL‘;; LA N
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It is a further object of the invention to provide
scoops for auxiliary power unit irlets, as described in
the preceding paragraphs, that increase the air pressure
recovery into the inlet in the order of 3 to 5 times
that of the prior art inlets.

Further objects and advantages of the invention may
be brought out in the following part of the specification
wherein small details have been described for the compe-
tence of disclosure, without intending to limit the scope
of the invention which is set forth in the appended

claims.

Brief Description of the Drawings
Referring to the accompanying drawings which are

for illustrative purposes:

Fig. 1 is a partially cross-~sectional view of a
rectangular scoop, according to the invention, which
fits into the inlet in the open position and which
extends along the fuse;age in the closed position;

Fig. 2 is an end view of the scoop taken along the
line 2-2 in Fig. 1;

Fig. 3 is a partially cross-sectional view of a
scoop hinged at its after end to the fuselage in the
inlet and having side plates of varying depths;

Fig. 4 is an end view of the scoop taken along the
lines 4-4 in Fig. 3;

Fig. 5 is a partially cross-sectional view of a
scoop and inlet in which the side plates extend into
slots juxtaposed to :the inlet when the inlet is closed
and to a lesser amount when the inlet is open;

Fig. 6 is a partially cross-sectional end view taken
substantially along the line 6-6 in Fig. 5;

Fig., 7 is a partially crosé—sectional view cf
another embodiment of a scoop and inlet constructzicn;

Fig. 8 is an elevational view of a large aircrai:

fu

bk}

in which scoops and inlets for auxiliary power uzi%s

SR BAD ORIGINAL ' BTN
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illustrated as being in the vicinity of the tail cone;
and i _

Fig. 9 is a schematic end view of a rectangular
box~-type inlet, as shown in Fig. 1, having internal

stiffeners.

Description of the Preferred Embodiments

Referring again to the drawings, there is shown in
Fig. 8 a large aircraft 10 in which auxiliary power units
are typically installed in a tail cone 12 having their
air inlets in positions such as 14 or 16, for example.
In Fig. 1 a portion of a tail cone 16 is shown haviﬁg
an air inlet 18 and an inlet opening 20 in the fuselage,
extending from a forward end at 22 to a rearward ellip-
tical end 24. The inlet has an approximately 20° ramp
along the surface 26 and has typical flat side walls, as
at 28 and 30, Fig.'z, with which a rectangular scoop,‘
generally desigﬁated as 32, is complementary. That is,
the rectangular scoop 32, shown in its open position
in full lines in Fig. 1, extends into the inlet to form
a ramp surface at 34 along its inner wall and to form -~
inner side walls 36 and 38 above the ramp. An outer
wall 40 completas the rectangle, to form a rectangular
Dassage 42 for the air into the inlet 18 for an
auxiliary power unit in the tail cone. )

The inlet scoop 32 is rotated on a forward hinge 46,
siveted—at 48, from a closed positicn, shown in phantom
outline, externally of the fuselage surface with which
the wall 34 is contoured. The wall 24 closes the inlet
opening 29 and when so closed, the scoop provides an air
passace Zrom the leading edge thereof to the trailing
edge along the fuselage surface. THe scoop is open and
closad by means of an actuator 50.

The scoop may normally be open when the alrcraft is

on the ground and may be closed on take-ofZ and orened

at any alzitude up to 25,000 f£s2et. It has been found
—- V ‘ - T
BAD ORIGINAL ST
/¢ ?‘ Y r?::';
Sy ims



WO 82/02181

05

10

15

20

25

35

PCT/US81/01667

~5-

successful to provide inlet pressure recoveries to
properly operate the auxiliary power units in the
aircraft. Scoops, as 32, have been made to be 5 inches
or 2% inches high along the walls 36 and 38 and 1l4% to
17% inches long. In the normal cruise position the
inlet door formed by the wall 34 is closed, and the
scoop 1is parallei to the flow as indicated by the

arrow 52, When the auxiliary power unit is to be
started at any altitude, the scoop 32 is rotated on its
pivot by the actuator 50 to move the door wall 34 onto
the ramp 26 inside the inlet 18, the side walls of the
scoop being juxtaposed to the side walls of the inlet.

In Fig. 9, a schematic view is shown of a scoop 60
of the same type as the scoop 32 but with stiffeners 62
and 64 inserted for additional strength. It was found
that the stiffeners 62 and 64 did not significantly
reduce the air flow through the scoop.

In Figs. 3 and 4, there is an auxiliary power unit
air inlet, generally designated as 70, having a fuselage
opening extending from a leading edge at 72 to a trailing
edge at 74, the latter formed with having elliptical
cross-sectional surface. A ramp 76 has an inclination
of about 20° with the fuselage surface 78. The inlet 70
has generally parallel side walls substantially perpen-—
dicular to a horizontal plane through the inlet opening.
Outer edges of the walls 80 and 82 are flush with the
fuselage and have the same contour. 2 scoop, generally
designated as 86, 1s hinged to flanges 38 extending
laterally outwardly of the inlet, ears 90 on the trailing
end of the scoop being hinged by pivot 92. The scoop nas
an outer closing wall 94 which in the closed position
is in contour with the fuselage. Eétending inwardly from
the wall 94 and generally at right anglss thereto are
channel forming side plates or walls 96 and 98, which zre
juxtaposed to the walls 80 and 82 of the inlet.

. BAD ORIGINAL F0sEaT

At e




WO 82/02181

05

10

20

25

30

35

PCT/US81/01667

-6~

The walls 96 and 98 have a trailing portion terminat-

ing forwardly at a break 100, so that when the scoop i

S

in the closed position the break edge closes substantially

against the ramp surface 76. Forwardly of the break 100,

the side plates have a forwardly tapering inner edge 102

which is adapted to f£it along the ramp surface 76 when

the door 94 is in the closed position.

The scoop 86 is adapted to be opened and closed by

a pair of actuators 106, only one being shown. The

actuators are laterally outwardly of the inlet so as to

not interfere with the flow. Flexible seals are provi
along the gaps, as forwardly of the elliptical at 74,

ded

and along the side wall surfaces to seal the door when

it is closed, and to also provide a seal between the
rear portion of the door around the hinges. The gap
between the fuselage surface 78 and the edges at 102

of the scoop provide additional space to receive inlet

air into the inlet.

The scoop or hinged door 86, for one installation,

is about 17.5 inches long and 7 inches wide, and in the

closed position completely seals off the inlet opening.

The leading edge of the scoop in the open position is
about 10.6 inches above the fuselage so as to provide

sufficient inlet air pressure recovery.

The inlet and scoop in Fig. 7 are similar to that

shown in Fig., 3, except here a scoop 110 has hinge
members 112 extending from both side plates into the
aircraft directly in alignment with the side plates of
the scoop. The parallel hinge plates 112 are secured
the aircrait with a relatively large pin 114 to pivot
t 116, the pivoting occurring by means of a linearly

moving rod 118, pivotally engaged with the pin 116 at

. 120. Thus, as the rod 118 is moved linearly by an

actuator, the pivet at 120 causes the pin 114 to be

rotated to open and close the sccop 110,

BAD ORIGINALT AJ;; SN
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Here again, the scoop in the open position permits
air to enter the inlet from the sides of the pargllel
walls of the scoop.

In Figs. 5 and 6 another embodiment of an inlet,
generally designated as 130, and a scoop, generally
designated as 132, are illustrated. Here, the inlet
has a ramp 134 generally at 20° to the fuselage
surface 136, the inlet having generally parallel side
walls, as 138, trailing inwardly into the aircraft and
extending outwardly to the fuselage edge with which they
are in contour,

The scoop 132 has hinge members 140 trailing into
the aircraft outwardly of the inlet, mounted on a pin
142, secured in the aircraft and on which the scoop
pivots when actuated by a pair of actuators 144, both’
being laterally outside of the scoop side walls 1456
and 148, to be out of the flow path through the inlet.
The scoop has an outer or closing wall 130 which in the
closing position is flush with the fuselage surface and
sealingly engaged with the inlet orening extending from
the ramp at 152 to the convex surface 156 of the inlet.

The channel forming plates 146 and 148 have a
rearward portion having inner edges 158 which terminate
forwardly at a break 15C, and extending forwardly of
the break are downwardly inclined edges 162, terminating
at the leading edge of the scoop. The side plate
portions outwardly of cthe edges 158 fit the contour of
the side walls, as 138, of the inlet opening and th
side plates forwardly of the break 160 fit into slots
166 in the aircraft laterally of the inlet opening.

When the scoop is closed, the side platss rearwardly
of the break 160 are in contour with the side walls of
the inlet and the side plates forwardly of tihe break 160
fit into the slots to form a sealed relationship beiween

the scoop and the opening. Similarly, there is a seal

BAD ORIGINAL = TN
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along the trailing edges of the scoop in the hinge areas.

The effect of the leading edées of the scoop, .
extending into the slots when in the open position, is
to provide support and stability for the scoop. Air -
passage through the scoop in the open position is
between the side plates 146 and 148, the outer wall
150 and the ramp 134.

The invention and its attendant advantages will be
understood from the foregoing description and it will be
apparent that various changes may be made in the form,
construction, and arrangements of-the parts of the
invention without departing from the spirit and scope
thereof or sacrificing its material advantages, the
arrangements hereinbefore described being merely by
way of example. I do not wish to be restricted to the
specific forms shown or uses mentioned except as

defined in the accompanying claims.
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WHAT IS CLAIMED IS:

1. For use on an aircraft, an air inlet and scoop
for an in~flight auxiliary power unit, the scoop being
adapted to open and start operation at altitude and on
the ground, comprising:

an inlet opening contoured along its outer
edges to conform to the aircraft fuselage;

a ramp trailing inwardly into the opening
starting from the fuselage and forming the bottom surface
of the inlet;

the inlet opening having generally parallel
side walls trailing inwardly along opposite edges of the
ramp;

the side walls extending inwardly £from the
fuselage edges along the inlet opening;

a scoop hingedly engaged to said aircraft
adjacent said fuselage and adjacent one end of said
inlet opening; and

means in said aircraft to operate said scoop
from positions in which said scoop opens and closes said
inlet opening;

said scoop having a closing wall with respect
to said inlet opening, said closing wall closing said
opening in the closed position and being ccnioursd to

4

conform with the fuselage surface in the closed positio
said closing wall being continuous in =he ope
and closed positions and generally limited to =he sx=
of said inlet opening.
2. The invention according to claim 1 ia wh:
said closing wall in said open positicnn Zorms
said ramp substantially directly inwardly transversza =o
the rearwardly diraction;
said scoop being hinged to said aircra:z

adjacent the forward ené of said inlet opening.

T . BAD OR!G’NAL ‘_/“f“""':—:m e
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3. The invention according to claim 2 in which:
said scoop is externally -of said aircraft in .
the closed position; .
- said scoop having a cross section complemen=
tary to said inlet to f£it therein in the open position;
said scoop having a passage therethrough to

>

permit inlet air to move therethrough from the fuselage

into the inlet.

4. The invention according to claim 3 in which:
said scoop has a generally rectangular cross
section; and
a bottom surface thereof forming said closing .
wall.

5. The invention according to claim 4 in which:
said scoop has structural supports therein

providing flow passage portions therealong.

6. The invention according to claim 1 in which:
said scoop is hinged to said aircraft adjacent
the rearward ends of said inlet opening and said scoop.

7. The invention according to claim 6 in which:
said closing wall is pivoted outwardly on its
hinge to be spaced from said ramp to open said inlat
opening;
continuous scoop side walls extending inwarily
from edges of said closing wall to form an inwazdly

opening channel in cross section;

o

said scoop side walls being juxtaposec to
respective inlet side walls in the closed positicn; ¥

said scoop side walls in the closed position

cr

rminating inwardly adjacent said hinge and having

e
rearward inner edges spaced from said ramp, said innex

- Al
e BAD ORIGINAL
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edges extending forwardly to be closely adjacent said
ramp and tapering along said ramp to a point at the
forward end of said scoop and at the closing wall.
8. The invention according to claim 7 in which:
said tapering inner edges of scoop side walls
are spaced outwardly from said fuselage surface when said

scoop is open.

9. The invention according to claim 8 in which:
portions of said rearward inner edges are
spaced outwardly from said fuselage surface when said

scoop is open.

10. The invention according to claim 6 in which:

said closing wall is pivoted outwardly on its
hinge to be spaced from said ramp to open said inlet
opening;

continuous scoop side walls extending inwardly
from edges of said closing wall to form an inwardly
opening channel in cross section;

rearward poxrtions of said scoop side walls
being juxtaposed to respective inlet side walls in the
closed position;

said rearward portions of said scoop side walls
in the closed position terminating inwardly adjacent
said hinge and having inner edges spaced from said ramp;

said sccop side walls having forward porticns
extending from said rsarward portions;

said forward portions extending iawardly with
respect to said rearward portions and said ramp end
having inner edges tapering rearwardly from the forward
end of the scoop to the rearward portions;

inwardly extending slots on both sides of the
ramp to receive said forward portions in the closed

position.

BAD ORIGINAL
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11. The invention according to claim 10 in which:
portions of said rearward inner edges are
spaced outwardly from said fuselage surface when said

scoop is open.

12. A method of dissipating boundary layer and
eliminating adverse pressure gradient adjacent an
auxiliary power unit air inlet in an aircraft tail cone,
comprising:

" an inlet opening contoured along its outer
edges to conform to the aircraft fuselage.

a ramp trailing inwardly into the opening
starting from the fuselage and forming the bottom
surface of the inlet;

the inlet having generally parallel side walls
trailing inwardly and rearwardly along opposite edges of
the ramp;

the side walls extending inwardly from the
fuselage edges along the inlet opening;

. hingedly engaging a scoop to said aircraft
adjacent said fuselage and adjacent one end of said inlet
ovening;

providing in the aircraft means to operate the
scoop from positions in which said scoop opens and closes
said inlet opening; and

providing said scoop with a closing wall with
respect to said inlet opening, said closing wall ciosiag
said opening in the closed position and being contoured
20 conform with ths fuselage surface in the closed

position;

i

said closing wall being continuous in the otan

o

and closed positicas ané generally Iimited to the =xtent

of said inlet ovening.

EAD' ORlG\NAL—!
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13. The method according to claim 12 including:
moving said closing wall to said open
position to form a ramp substantially directly inwardly
transverse to the rearwardly direction and inwardly of
the open position,
hinging said scoop to said aircraft adjacent

the forward end of said inlet opening.

14. The method according to claim 13 including:
moving said scoop to be externally of said

aircraft in the closed position;
said scoop having a cross section complementary

to said inlet to £it therein in the open position; -
said scoop having a passage therethrough to
permit inlet air to move therethrough from outside the

fuselage into the inlet.

15. The method according to claim 14 in which:
said scoop has a generally rectangular cross

section; and
a bottom surface thereof forming said closing

wall,

16. The method according to claim 1S including:
inserting structural supports in said scoop

and providing flow passage portions therealong.
17. The method according to claim 12 iacluding:

hinging said scoop to said aircraft adjacent

the rearward ends of said inlet opening and sazid scocp.

BAD OBIGINAL




WO 82/02181

05

10

15

PCT/US81/01667

~14=

18. The method according to claim 17 including:

pivoting said closing wall outwardly om its
hinge to be spaced from said ramp to open said inlet
opening;

continuous scoop side walls extending inwardly
from edges of said closing wall to form an inwardly
opening channel in cross section;

said scoop side walls being juxtaposed to
respective inlet side walls in the closed position;

said scoop side walls in the closed position
terminating inwardly adjacent said hinge and having
rearward inner edges spaced from said ramp, said inner
edges extending forwardly to be closely adjacent said
ramp and tapering along said ramp to a point at the
forward end of said scoop and at the closing wall.

19. The method according to claim 18 in which:
said tapering inner edges of scoop side walls
are substantially spaced outwardly from said fuselage

surface when said scoop is open.

20. The method according to claim 18 including:
spacing portions of said rearward inner edges
outwardly from said fuselage surface when said scoop is
open. ’

BAD ORIGINAL !
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21l. The method according to claim 17 including:

pivoting said closing wall outwardly on its
hinge to be spaced from said ramp to open said inlet
Qpening;

continuous scoop side walls extending inwardly
from edges of said closing wall to form an inwardly
opening channel in cross section;

rearward portions of said scoop side walls
being juxtaposed to respective inlet side walls in the
closed position;

said rearward portions of said scoop side
walls in the closed position terminating inwardly
adjacent said hinge and having inner edges spaced from
said ramp;

-said scoop side walls having forward portions
extending from said rearward portions;

said forward portions extending inwardly with
respect to said rearward portions and said ramp and
having inner edges tapering rearwardly from the forward

end of the scoop to the rearward portions;
inwardly extending slots on both sides cf

the ramp to receive said forward portions in the closed

position.

22. The method according to claim 21 in which:
the forward portions extend partially into
said slots in the open position at the forward ends to

support the scoop.

BAD ORIGINAL
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