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ROTOR BLADE CONSTRUCTION FOR
CIRCULATION CONTROL AIRCRAFT

The Government has rights in this invention pursuant
to NASA Contract No. NAS2-11771.

DESCRIPTION

1. Technical Field

This invention relates to a rotor blade for an aircraft
utilizing a circulation control rotor system-and more
particularly to a spanwise air passage slot construction
for the blade.

2. Background Art

An X-wing aircraft is a rotary wing aircraft that uses
a rigid rotor/wing utilizing circulation control airfoils.
The rotor is driven mechanically and the rotor blades
operate essentially in fixed pitch. The rotor may rotate,
as in a helicopter, or it may be stopped and positioned so
as to act like a fixed wing. Collective and cyclic control
is achieved by control of air circulation about a Coanda
surface on the blade airfoils. This is done by blowing
compressed air through leading edge and trailing edge
ducts in the rotor blades and modulating the amount of
air being ejected through spanwise slots on the leading
and trailing edges of the rotor blades.

The rotor system for an X-wing aircraft includes a
hub and attached rotor blades and a pneumatic system
for delivering pressurized air separately to the leading
edge and the trailing edge of the individual rotor blades
at a desired pressure and mass flow. The pneumatic
system includes a compressor, a stationary air supply
chamber, valving for controlling the flow of air from
the chamber to the blades, and a rotating air distribution
arrangement for conducting air separately to the lead-
ing edge and trailing edge of the blades.

In circulation control airfoils, pressurized air is
ejected from spanwise openings or slots along the upper
side of the rounded airfoil leading/trailing edge Coanda
surface. The airflow from the slots attaches to the
rounded leading/trailing edge which increases the cir-
culation to provide a corresponding lift increase over an
airfoil having no ejected air. For a given blade internal
pressure and aerodynamic condition, the lift change due
to circulation control is proportional to the area of the
slot opening up to a certain limit. When the slot opening
exceeds this limit no additional lift is achieved, a condi-
tion analogous to stall in a conventional airfoil. Since an
X-wing circulation control airfoil is symmetrical about
its half chord, the leading edge on the advancing side of
the blade path disc becomes the trailing edge on the
retreating side, and vice-versa. To maximize perfor-
mance as the rotor slows down, it is desirable that the
“Jocal” leading edge slot be closed at all azimuth posi-
tions. The use of conventional preload springs for clos-
ing the slot is not desirable primarily because of the
weight which would be involved.

A circulation control rotor system is described in the
report titled “Circulation Control Rotor Flight Demon-
strator” by David R. Barnes, Douglas G. Kirkpatrick
and George A. McCoubrey presented at an American
Helicopter Society Mideast Region Symposium in Au-
gust, 1976. The report titled “Status Report on Ad-
vanced Development Program Utilizing Circulation
Control Rotor Technology” by Kenneth R. Reader,
Douglas G. Kirkpatrick and Robert M. Williams, Paper
No. 44 presented at the Fourth European Rotorcraft
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and Powered Lift Aircraft Forum, Stresa, Italy, Sept.
13-15, 1978 describes an X-wing development program.

DISCLOSURE OF INVENTION

An object of the present invention is to provide an
improved construction of spanwise air passage slot
openings in the rotor blade of a circulation control
aircraft.

Another object of the invention is to provide a circu-
lation control rotor blade having spanwise slot openings
the size of which can be externally adjusted and for
which there is opening defining structure having inde-
pendently adjustable preload and travel.

Still another object of the invention is the provision
of a circulation control rotor blade having adjustable
spanwise slot openings defined by structure which does
not use springs for operation and which is readily re-
placeable.

A further object of the invention is the provision of a
circulation control rotor blade having adjustable span-
wise slot openings defined by structure which is of
composite material and which has double flexure por-
tions for preload and maximum slot opening adjustment
and which is forgiving of tolerance variations between
rotor blades.

The foregoing and other objects, features and advan-
tages will be apparent from the specification and claims
and from the accompanying drawings which illustrate
an embodiment of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a sectional view through a rotor blade con-
structed in accordance with the invention showing a
closed slot condition.

FIG. 2 is a similar sectional view showing an ex-
ploded view of the adjustment screws and an open slot
condition.

FIG. 3 is a graph showing a plot of slot opening
versus slot differential opening.

FIG. 4 is a plan view of a portion of a rotor blade
constructed in accordance with the invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

In the rotor blade construction shown in FIG. 1 blade
10 is of composite construction and includes spar sec-
tion 12 and compressed air duct 14, the spar section and
duct being bonded integrally together. The edge of the
blade, the leading edge and usually also the trailing
edge, is defined by Coanda surface 16. This surface may
be either a portion of the compressed air duct as shown
or it may be a separate element. Flexible panel 18 ex-
tends spanwise along the upper surface of the blade and
through cooperation with the upper surface of the Co-
anda defines slot 20 through which compressed air may
be discharged from duct 14.

Flexible panel 18 is attached to the upper surface of
the blade at a plurality of spaced stations along the blade
span, or a section of the blade span. In FIG. 1, rearward
portion 22 of the panel is secured by two similar screws
24 and 26 threaded into fasteners 28 and 30, respec-
tively, which are fixed in position on upper surface 32 of
duct 14. Forward portion 34 of panel 18 also is con-
nected to the upper portion of duct 14, but these con-
nections permit and control bending of the panel under
the influence of compressed air within duct 14. Screw
connection 36, a differential thread screw, permits es-
tablishment of the loading of the forward portion of the
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panel against the Coanda surface. Screw connection 38
permits establishment of a limit to movement of the
forward portion away from the surface (open slot) in
response to air pressure and thus a limitation of the
maximum opening of slot 20.

FIG. 2 shows the nature of screw connections 36 and
38 in more detail with the slot being fully open. Screw
connection 36 consists of preload adjustment nut 40,
differential thread adjustment stud 42 and fastener 4.
Each end of adjustment stud 42 is threaded, with both
ends being threaded in the same direction, and the
thread of the upper end which mates with threads in nut
40 is of a different pitch than that of the thread of the
lower end which mates with fastener 44. Nut 40 is af-
fixed to midportion 46 of flexible panel 18 and fastener
44 is affixed to air duct upper surface 32. By virtue of
the differential threads on adjustment stud 42, relatively
fine control of preload on flexible panel 18 is provided.

Screw connection 38 consists of limit adjustment
screw 48 and fastener 50 which is affixed to surface 52
of the air duct. The limit adjustment screw fits loosely
within countersunk hole 54 near the outer edge of flexi-
ble panel 18, and flared head 56 on screw 48 is adapted
to contact the countersunk portion of hole 54. The
relative axial position of limit adjustment screw 48 lim-
its movement of panel outer edge 58 away from Coanda
surface 16. The location of screw 48 with respect to slot
20 must be sufficiently back from the slot so that it does
not interfere with airflow through the slot opening.

In assembly of the flexible panel on the blade struc-
ture, the panel, which is of composite material, is fas-
tened in position by screws 24 and 26. Stud 42 is ad-
justed so that slot 20 is closed due to the position of
panel edge 58 and the design preload on the panel is
established. After edge 58 contacts surface 16, further
adjustment of stud 42 to move panel 18 inward results in
flexure of the panel along area 60 between the stud and
attachment screw 24. The thickness and elastic proper-
ties of this panel area through layup of the composite
structure are specifically designed to afford the desired
flexing characteristics. Preload is established by pres-
surizing duct 14 and adjusting stud 42 so that slot 20
remains closed until the desired minimum operational
pressure is reached.

After preload has been established, the axial position
of limit adjustment screw 48 is set so as to establish the
maximum opening of slot 20. This is done by increasing
the pressure in duct 14 beyond the minimum operational
pressure to the desired maximum operational pressure.
The increase in pressure will cause the portion of panel
18 toward the edge of the blade to flex away from Co-
anda surface 16, the panel flexing along area 62 between
adjusting screws 36 and 38. The thickness and elastic
properties of this panel area are designed similarly to
area 60 to afford the desired but different flexing char-
acteristics. Adjustment screw 38 is set at the flexed
position of edge 58 when duct air pressure is at its maxi-
mum operating pressure.

During operation, air at variable pressure is delivered
to duct 14 at the root end of the blade and then passes
through duct holes, such as hole 64 in FIGS. 1 and 2, to
slot 20. Because of the preload on panel 18 as estab-
lished by differential thread screw connection 36, siot
20 is closed until the pressure of the air in duct 14
reaches the minimum operating pressure. As the air
pressure exceeds that value, edge 58 moves away from
Coanda surface 16. Compressed air then will begin to
flow from the duct over the Coanda surface. As the
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pressure of the air increases, edge 58 will continue to
move away from the Coanda surface until, at the maxi-
mum operating pressure, contact is made with flared
head 56 on screw connection 38. A greater air pressure
will not increase the opening of slot 20.

The actual operation of the slot is shown in the plot of
FIG. 3 where apgs is the desired maximum slot open-
ing, Po is the preload pressure setting, and Pj is the
pressure at which maximum opening occurs. The small
increase in slot opening shown in the plot as pressures
increase above P reflects the slight bending of panel 18
which occurs at edge 58 outward from screw connec-
tion 38. The slope of the plot between points Pgand P;
is defined in accordance with performance require-
ments and is related to and may be varied by the flexure
characteristics of panel area 62.

In the plan view of FIG. 4, which shows a rotor blade
constructed in accordance with the invention, blade 10
having root 66 and tip 68 has flexible panels 18 and 70 at
its leading and trailing edges respectively. Panel 18 is
secured to the blade structure by parallel rows of
screws 24 and 26 inboard from the blade leading edge
and panel 70 is secured to the blade by parallel rows of
screws 72 and 74 inboard from the blade trailing edge.
A row of screw connections 36 along a midportion of
panel 18 provides for the establishment of slot preload

"at stations along the panel length, and similarly a row of

screw connections 76 along a midportion of panel 70
provides for the establishment of slot preload at stations
along that panel length. Screw connections 38 along the
outer edge of panel 18 permit the adjustment of the
maximum opening of the slot between the panel and
leading edge Coanda surface 16 and screw connections
78 along the outer edge of panel 70 permit the adjust-
ment of the maximum opening of the siot between the
panel and trailing edge Coanda surface 80. Panel 18 and
panel 70 as shown do not necessarily extend the full
length of the blade span. There may be a number of
additional panels along the span such as panel 82 adja-
cent panel 18 and panel 84 adjacent panel 70. A princi-
pal reason for a multi-panel construction is to afford
easy replaceability of panel sections in the event of wear
or damage. The spanwise distance between adjacent
screws is related to their effect on airflow through the
slot as well as the compressed air loading on the panels.
It should be understood that the invention is not limited
to the particular embodiment shown and described
herein, but that various changes and modifications may
be made without departing from the spirit or scope of
this concept as defined by the following claims.

We claim:

1. A rotor blade for a circulation control aircraft
having along a portion of its span an edge section con-
sisting of a Coanda surface, a duct located within said
edge section for providing compressed air to be dis-
charged adjacent the top of the Coanda surface to flow
around the outside of the Coanda surface, and flexible
panel means for controlling compressed air discharge,
said panel having a first edge fixedly connected to the
upper outside surface of said edge section and a second
edge defining with an upper portion of the Coanda
surface a spanwise extending slot through which com-
pressed air is discharged, said panel also having first
flexure means associated with first means for establish-
ing a preload on said panel second edge so that said slot
is closed until a minium duct air pressure is reached, and
second flexure means associated with second means for
limiting the movement of said panel second edge in
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response to duct air pressure so as to establish a maxi-
mum slot opening, said first flexure means including a
composite panel length area of specific thickness and
layup to provide desired flexing characteristics and said
second flexure means including a composite panel
length area of different specific thickness and layup to
provide different flexing characteristics than said first
flexure means.

2. A rotor blade for a circulation control aircraft

6

edge section, a second spanwise edge portion defining
with an upper portion of the Coanda surface a spanwise
extending slot through which compressed air may be
discharged, and a mid-spanwise portion between said
panel first and second spanwise edges, first adjustment
means associated with said mid-spanwise portion for
establishing a preload on said panel second spanwise
edge portion so that said slot may be closed until a
minimum duct air pressure is reached and second ad-

having along a portion of its span an edge section con- 10 justment means associated with said second spanwise

sisting of a Coanda surface, a duct located within said
edge section for providing compressed air to be dis-
charged adjacent the top of the Coanda surface to flow
around the outside of the Coanda surface, and flexible
panel means for controlling compressed air discharge,
said panel having a first spanwise edge portion fixedly
connected to the upper outside surface of said blade
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edge portion for establishing a maximum slot opening,
the elastic properties of the panel between said fixedly
connected edge portion and said mid-spanwise portion
being different than the elastic properties of the panel
between said mid-spanwise portion and said second

spanwise edge portion.
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