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(57) ABSTRACT

In at least one embodiment, the apparatus of the invention is

a flight vehicle tail assembly having an exterior surface, at
least one first vent in the exterior surface, at least one second

vent in the exterior surface, and an air passage connecting
the at least one first vent to the at least one second vent

allowing air to flow therebetween. Where the at least one

first vent is located near a high air pressure area acting on the

exterior surface during a range of predefined flight condi-

tions. Further, the at least one second vent is located near a

low air pressure area acting on the exterior surface during

the predefined flight conditions. So that at the predefined

flight conditions adverse loads on the tail assembly are

reduced by venting air from the high pressure area, through

the tail assembly, to the low pressure area. The method of the

present invention includes the steps of: receiving air through

the at least one first vent in the exterior surface, passing the

air through the tail assembly from the at least one first vent
to at least one second vent in the exterior surface, and

ejecting the air out of the tail assembly at the at least one
second vent.

18 Claims, 8 Drawing Sheets
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HELICOPTER TAIL BOOM WITH VENTING
FOR ALLEVIATION AND CONTROL OF

TAIL BOOM AERODYNAMIC LOADS AND
METHOD THEREOF

BACKGROUND

A helicopter having a single main rotor must employ
some means to counteract the torque produced on the

fuselage of the helicopter by the engine turning the rotor

blades. That is, the forces exerted by the engine against the

rotor blades will, ff not counteracted, cause the fuselage of

the helicopter to rotate in a direction opposite to that of the

main rotor. If allowed to continue, such rotation will quickly

cause the helicopter to loose control and thereafter most
likely result in a crash.

As shown in FIG. 1, traditionally, to counteract the engine
torque, helicopters with single main rotors 20 have used a
smaller tail rotor 40 set at the end of a tail boom 30 and

positioned in a plane 42 generally perpendicular to the plane

22 of the main rotor 20. The tail rotor provides a sideward
force (f,) which when applied to the moment arm (1) of the

tail boom produces a counter-torque or moment (Mr) which

opposes the torque (M e ) produced by the engine driving the

main rotor 20. As such, the counter-torque (Mr) allows the
fuselage 10 of the helicopter to be maintained in a constant

orientation in a yaw direction. Taft rotors also are normally

designed to be able to vary the torque they produce by

varying the pitch of the blades 44. This allows the fuselage

10 to be yawed in either direction to provide directional
control.

Although clearly functional, this traditional design has
many inherent disadvantages. One such disadvantage is that

the tail rotor 40 must be powered by the engine, thus

reducing the performance of the helicopter. Another disad-

vantage is that as the fuselage 10 is rotated to one side or the

other, relative to the airflow, the tail boom 30 is forced into

the airflow and significant forces are exerted on the tail

boom 30 by the combination of this airflow and the main

rotor downwash. This is shown in FIG. 2. The side forces (fs)

cause a moment (M s) to be applied to the helicopter, which

must be compensated for by the pilot. This required pilot

compensation is particularly troublesome in combat heli-

copters which must be able to quickly and accurately

position the fuselage to perform offensive and defensive

maneuvers. In addition, when the side moment (M_) is in the

same direction as the engine torque (Me), as shown in FIG.

2, the side moment (Ms) adds to the engine torque (Me), then
additional power must be drawn by the tail rotor 40 from the

engine and further reduces the yaw control available to the

pilot. This reduces the overall performance of the helicopter.

A variety of approaches have been taken in the past to

attempt to alleviate these problems. One approach has

involved the use of various devices placed on the tail boom
(e.g. strakes) to distort the air flow over the tail boom and as

such reduce the resultant forces. Examples of this approach
include those set forth in U.S. Pat. No. 4,708,305, entitled

HELICOPTER ANTI-TORQUE SYSTEM USING FUSE-

LAGE STRAKES, issued Nov. 24, 1987 to Kelley et. al.,

which is hereby incorporated by reference and U.S. Pat. No.
5,209,430, entitled HELICOPTER LOW-SPEED YAW

CONTROL, issued May l 1, 1993 to Wilson et. al., which is

hereby incorporated by reference. Although the location,

size and shape of the strakes differ, in each of these two

devices the strakes are placed along the length of the tail

boom, such that any airflow around (as opposed to along in

a longitudinal direction) the tail boom will be spoiled. That

2

is, these devices interrupt the air flow resulting in flow

separation. Once separated the flow no longer produces as
much side force as when the flow is attached.

Another approach to reducing tail boom loads it embodied

5 in the NOTAR concept. NOTAR, or NO TAil Rotor, is an

active system which uses in place of a tail rotor, forced air
ejected through longitudinal slots along the boom to control
the circulation about the boom and thus the resultant aero-

dynamic loads created primarily by the down wash of the
10 main rotor. The NOTAR design cona'ols the yaw of the

fuselage by increasing or decreasing the lateral aerodynamic

loads on the tail boom. Likewise, other concepts have used

changes in the geometry of the tail boom to attempt to

reduce and control the lateral aerodynamic loads.

15 Essentially, such a design shapes the boom so that the

airflow, which primarily from the main rotor downwash,

produces lateral firing loads on the tail boom.

However, these prior approaches have many inherent

disadvantages. For instance, the strake and geometry,

20 approaches tend to provide insufficient reductions in both

the static and dynamic forces exerted on the tail boom.

Further, these approaches may increase the download on the

boom associated with the rotor downwash, decreasing per-

formance. Being an active system, the NOTAR concept
25 requires significant power to be drawn from the helicopter's

engine to eject enough air from the tail boom. The power is

used to power a fan which compresses air which is then

passed through and out of the tail boom at a longitudinal slot
and tip jet.

30
Therefore, a need exists for a device which provides

sufficiently reduced loads on the tail boom such that

improved maneuvering of the helicopter can be obtained. To

retain acceptable performance of the helicopter, the device
must be able to provide the reduced loading without drawing35
power from the engine.

SUMMARY

The apparatus of the present invention provides a flight

4o vehicle tail assembly having an exterior surface, one or more

first or high pressure vents in the exterior surface, one or

more second or low pressure vents in the exterior surface,

and an air passage connecting the first vent(s) to the second
vent(s) allowing air to flow therebetween. The first vent(s)

4s are located at, or at least near, a high air pressure area acting
on the exterior surface during a range of predefined flight

conditions. Further, the second vent(s) are located at, or at

least near, a low air pressure area acting on the exterior

surface during the predefined flight conditions. Preferably,

50 the vents run longitudinally along the length of the tail

assembly at, or at least near, their respective pressure areas.

As such, during the predefined flight conditions, adverse

loads on the tail assembly can be reduced by venting air

from the high pressure area, through the tall assembly, to the

55 low pressure area.

The first vent(s) can include an air permeable cover

positioned to cover at least a portion of the first vent(s)

Likewise, the second vent(s) can also include an air perme-

able cover positioned to cover at least a portion of the second

60 vent(s) Preferably, the air permeable covers are sized to

cover the entire openings of each the first and second
vent(s).

The tail assembly can include one or more first or high

pressure vent doors and/or one or more second or low
65 pressure vent doors. The vent door(s) are mounted to the tail

assembly such that in a closed position they can cover the
vent(s). Specifically, the first vent door(s) have a first door
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closed position. With the first vent door(s) in the first door

closed position the first vent door, s) cover at least a portion
of the first vent(s). Similarly, the second vent door(is) have

a second door closed position. With the second vent door(s

in the second door closed position the second vent door(s) 5

cover at least a portion of the second vent(s). Preferably,

with these vent doors in their closed positions, their respec-

tive vent openings will be covered, and in open positions

the), will allow air to flow through the vents. The vent doors

can include a spring which urges them into the closed I0

position or an actuator which moves the doorls) into either

the open or closed positions.

The air passage can be a ca','it_ in the tail assembly
defined bv the structure of the tail assembly (e.g. sMn,

support structure, and the like). But, in at least one 15

embodiment, the air passage is defired by a duct mounted

within the tail assembly.

The tail assembly can also include one or more strake(s)

mounted to the exterior surface anci positioned to disrupt 20
airflow across the exterior surface. The strake(s) can be

positioned adjacent to either or both the first and second

vents to facilitate in directing air in or out, as the case may

be, of the vents. Further, with the vent door(s) set to open
outward, the vent door(s) also function as strake(s).

25
The method of the present invention alleviates adverse

aerodynamic loads on the flight xehicle tail assembly. The

method includes the steps of: receiving air through one or

more first or high pressure vents in the exterior surface,

passing the air through the tail assembly from the first 3o
ventts) to one or more second or low pressure vent(s) in the

exterior surface, and ejecting the air out of the tail assembly
at the second vent(s).

BRIEF SUMMARY OF ]'HI:. DRAWINGS
35

FIG. 1 is an isometric view of a helicopter with a main

rotor and a tail rotor.

FIG. 2 is a overhead view of a helicopter with the fuselage

yawed relative to the airflow.
4o

FIG. 3 is an isometric view ot a flight vehicle tail

assembly apparatus in accordance with the present inven-
tion.

FIG. 4 is a cross-sectional view of a flight vehicle tail

assembly apparatus in accordance with the present raven- 45
tion.

FIG. 5 is a cross-sectional view of a flight vehicle tail

assembly apparatus in accordance with the present inven-
tion.

FIGS. 6a_ are cross-sectional views of flight vehicle tail 50

assembly apparatuses in accordance with the present inven-
tion.

FIGS. 7a and b are isometric views of a flight vehicle tail

assembly apparatus in accordance with the present inven-
tion. 55

FIG. 8 is a cross-sectional view of a flight vehicle tail

assembly apparatus in accordance with the present inven-
tion.

FIG. 9 is a cross-sectional view of a flight vehicle tail 6o

assembly apparatus in accordance, with the present inven-
tion.

FIGS. 10a and b are cross-sectional views of a flight

vehicle tail assembly apparatus in accordance with the

present invention. 65

FIGS. lla-c are flow charts of methods in accordance

with the present invention.

4
DETAILED DESCRIPTION OF THE

PREFERRED ENIBODIMENTS OF THE
INVENTION

The present invention is embodied in an apparatus and
method for alleviation and control of adverse aerodynamic

forces generated on a helicopter tail assembly during flight

conditions including, but not limited to, hover, forward,
rearward or sideward flight.

In a helicopter with a main rotor, aerodynamic loads are
exerted on the tail boom due to the rotor downwash in hover

and low speed flight, and/or by the free streanl during
sideward and sideslipped flight. Depending on which direc-
tion the tail boom is moved, the moment created by the

aerodynamic forces on the boom can be in the same, or in

the opposite direction, of the adverse torque produced by the
engine rotating the main rotor. With the boom aerodynamic
moment and engine torque applied in the same direction, the

tail rotor must exert even more power to counteract the

additional torque. This additional power is taken from the
engine, which in turn reduces the helicopter's overall per-
formance and uses more fuel Furthermore, these aerody-

namic forces have a significant dynamic component which
inflict serious vibrations to the structure that cause stability

and control difficulties and can result in costly maintenance.

In at least one embodiment, the present invention consists

of either small strips of partially open (porous) material or
of open slots running longitudinally down the tail boom. The

length and width of these vent slots depend on the actual

helicopter design and range of flight conditions for which

they are used. Also, the circumferential location of the

openings is variable and is generally determined by the local

pressure gradients acting around the particular boom. It is

preferred that a strip is placed at the region of lowest

pressure on the side the boom moves when additional

adverse torque is created by the yawing movement. Further,

that a strip is placed on the opposite side (not necessarily

180 ° apart) of the boom at the point of highest pressure. This

allows air to flow from the high pressure area, through the
boom to the area of low pressure. Because of the natural

cavity of the boom, the air flows between the openings
without the need for ducting. However, a subsurface

(plenum) can be employed to, for example, protect any
hardware or equipment located within the boom from the

elements. Additionally, one or more, fixed or movable,
strake doors can be affixed to one side of the vent openings

(either one or both openings) to both channel the flow
towards the vents and to control the remaining flow about

the boom.

The present invention provides numerous advantages,

including control of, and reduction in, the detrimental static
forces (even a reverse of the forces under some conditions)

which are imparted to the tail boom from airflow across it.

Specifically, the vents reduce the sensitivity of side forces
with changes in inflow angle. In addition, the invention

provides control and alleviation of the dynamic forces,
including vibrations, on the boom. Still another advantage of

the present invention is that it acts to reduce noise produced

the helicopter. The invention is passive in nature so it does

not require power to be drawn from the engine.

The Apparatus of the Present Invention

As shown in FIGS. 3 and 4, the apparatus of the invention,

is embodied in a flight vehicle tail assembly or helicopter tail

boom 100 having primary elements including, a first or high

pressure vent 110, a second or low pressure vent 120, and a
airflow channel 130. FIG. 3 is an isometric view of the tail

boom 100 and FIG. 4 is a cross-section of the boom (looking

forward).
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The helicopter boom 100 also includes a first side wall

102, a second side wall 104, an upper wall 106, and an
exterior surface 108. Additionally, depending on the location
of the tail rotor drive shaft, a drive shaft cover 107 can be

set on the tail boom 100, preferably on the upper wall 106. 5
The drive shaft cover 107 encloses a drive shaft (not shown)

which runs from the engine transmission of the helicopter
(not shown) back to power the tail rotor or similar device.

Among other things, the drive shaft cover 107 functions to
protect the drive shaft and shaft bearings (not shown) from

10
the elements (weather, etc.). The tail boom 100 may also
include an internal structure, such as ribs, bulkheads, and

stringers (not shown), for supporting the tall and carrying
loads to and from the tail boom 100. The first side wall 102,

second side wall 104, upper wall 106 and drive shaft cover
107 can be any suitable material, such as aluminum, or a 15

composite material. Of course the specific structure and
material of the tail boom 100 will depend upon the design

requirements from the specific use of the tail boom.

The high pressure vent 110 and the low pressure vent 120

each run longitudinally along the length of the tail boom 20
100. The high pressure vent 110 is positioned in the first wall

102, through the exterior surface 108. The low pressure vent
is in the second wall 104, through the exterior surface 108.

The specific placement, length and width of the vents 110
and 120 depend on the design requirements of their use. 25

However, generally the high pressure vent 110 will be placed

and sized to be located where a region of high pressure 200

exists during a range of predefined flight conditions.

Likewise, the low pressure vent 120 will be placed and sized
to be located where a region of low pressure 210 exists 3o

dlmng the predefined flight conditions. These pressure areas
are shown in FIG. 4.

The range of flight conditions will of course vary with the

specifics of the design of the tail boom 100 and the design

mission of the helicopter. In the preferred embodiment, the 35

predefined flight conditions will include maneuvers where
the airflow about the external surface of the tail boom 100

produces additional adverse torque on the helicopter. One

example of such a maneuver is sideward flight where the

fuselage of the helicopter is yawed at significant angle 40

relative to the airflow. With the fuselage yawed, the tail

boom 100 is placed into the alrstream and air flows about or
over the exterior surface of the tail boom 100. With the

airstream combined with the downward flow of the main

rotor, typically a high pressure area 200 forms about the 45

upper portion of the side of the tail boom facing the

airstream. Similarly, a low pressure area 210 generally forms

on the opposite side of the tail boom 100 from the high

pressure area 200 (lower portion of the side of the boom

facing away from the airflow). The pressure differential 50

between these high and low pressure areas 200 and 210,

causes a side force to be exerted upon the tail boom. The side

force acting on the moment arm of the tail boom 100, will

produce a moment on the fuselage. Depending on the
direction of the yaw of the fuselage, and of the rotation of 55

the main rotor, thus the direction of the engine torque, the
tail boom moment may add to or subtract from the overall

torque on the helicopter. Because the tail rotor, or similar

device, must provide a counteracting moment to keep the
helicopter stable, the addition to the engine torque by the tall 60

boom moment, is extremely adverse as the tail rotor must

draw additional power from the engine. The present inven-
tion reduces the drag loads on the tall boom 100, and in so

doing reduces both the adverse tall boom moment and the
ultimate power drawn from the engine by the tall rotor. Thus 65

the present invention can provide an increase in the overall

helicopter performance.

6

Of course many variables affect the locations of the high

and low pressure areas, including the shape of the tail boom,

the direction and strength of the main rotor downwash, the

forward speed of the helicopter, the direction and amount of

the boom yaw, the structural needs of the boom, and the like.

Generally, however the high and low pressure areas are on

opposite sides (not necessarily 180 ° apart) of the boom.

Therefore, each specific helicopter design and anticipated

flight conditions will dictate a different configuration for the

vents. Each such configuration can be determined by one

skilled in the art through well known analytical and/or

empirical methods. For example, an empirical method could
include placing pressure sensors along the surface of a

similarly shaped test boom (without vents), which is sub-

jected to the expected flight conditions. The measured

pressure levels would provide a profile of the pressure

distributions over the surface of the boom, allowing the high
and low pressure areas to be easily located.

Further, the high pressure vent 110 and low pressure vent

120 can vary in size and position along the length of the tail

boom to more accurately match their respective low and

high pressure areas. In fact, as shown in FIG. 5, more than

one set of vents can be used for either the high or low

pressure areas.

Other examples of possible sizing and positioning of the

high pressure vents 110 and low pressure vents 120 of the
boom are shown in FIGS. 6a-d.

The high pressure vent 110 and low pressure vent 120 are

either an opening in the side of the tail boom, as shown in

FIGS. 3-6, or is, as preferred, a porous and/or air permeable

material covering an opening. As shown in FIG. 7a, the high

pressure vent 110 can include a porous cover 112. Likewise,

as shown in FIG. 7b, the low pressure vent 120 can include

a porous cover 122. The porous cover can be of any suitable

material, for example a wire screen, mesh or perforated

metal. The porous covers provide the additional benefit of

preventing foreign objects from entering the tail boom 100
through the vents 110 and 120. Specifically, the porous cover

keeps birds, insects or the like from nesting in the tail boom

100 during periods which the helicopter is not in use.

•Another embodiment involves the addition of doors to

either or both the high pressure vent 110 and the low
pressure vent 120. A first or high pressure vent door 114 is

positioned to cover some or all of the vent opening of the

high pressure vent 110. Likewise, a second or low pressure

vent door 124 is positioned to cover some or all of the vent

opening of the low pressure vent 120. The use of vent doors
114 and 124 is shown in FIG. 8.

The vent doors 114 and 124 can be any of a variety of

configurations. For example, the doors can mounted to the

tail boom 100 by a hinge, such that the door moves about

one end of the door. Alternatively, the doors can be slidably
mounted to the tail boom 100 so as to slide from one or both
sides of the vents 110 and 120 and cover the vents.

With the doors hinged, the doors 114 and 124 can be set
to move either inward towards the airflow channel 130 or

outward away from the taft boom 100. That is, both doors
114 and 124 can move inward or outward, or one door can

move inward while the outer door moves outward. The

doors 114 and 124 can also be set to be limited in their

respective movements such that the movement can only be
inward or outward to the tail boom 100. The doors 114 and

124 can be set so they will only move in response to an
airflow which would otherwise cause an adverse moment to

be applied to the helicopter. In this configuration the doors

are kept closed by being restrained from swinging to a
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second open position when the airflow about or over the tail

boom 100 is in a direction which imparts an advantageous

moment to the helicopter. In other words, when the fuselage

is yawed in a direction which the airflow on the tail boom

100 produces a moment which allows less power to be

applied to the tail rotor, then the vent doors 114 and 124

remain closed to maintain the advantageous drag loads.

The amount the doors 114 and 124 open can vary with an

optimal setting being determined by the specific airflow and
pressures of the tail boom design and the range of flight
conditions with which the vents are. used. The vent doors 114

and 124 can be actuated to provide movement between door

positions. The actuation can be an,, of a variety of well

known types including mechanic:d, electro-mechanical, or

hydraulic. The power to operate these doors can be from the

helicopter's engine or even from a hand operation by the

pilot. The actuators can be placed on a slidable or hinged
mounted set of doors.

Alternatively, or in conjunction wkh an active actuator, a

spring mechanism can be set between a door and the tait

boom 100 to urge the door towards a closed position. One

embodiment of such a spring mechanism is shown in FIG.

8 as spring 116 and spring 126. Spring 116 acts on vent door

114 and spring 126 acts on vent door 124.

In an embodiment with hinged vent doors 114 and 124,

and a spring mechanisms 116 and 126 to urge vent doors to

their respective closed positions, it is preferred that the high

pressure door 114 opens inwards towards the airflow chan-
nel 130 and the low pressure door 124 moves outward away

from the second side wall 104, as shown in FIG. 8. This

arrangement allows the differential pressure from the high

pressure area 200, relative to the lower (near ambient)

pressure area 220 in the airflow channel 130, to surpass the
force exerted on the door 114 by the spring 116 and cause the

hinged door 114 to open inward. Likewise, the pressure

differential from the pressure area 220 to the lower pressure
area 210 overcomes the force applied by the spnng 126 on

the door 124, to cause the door 124 to open outward. The

opening of the doors 114 and 124 facilitates the passage of

air from the high pressure area 200 to the low pressure area
210, resulting in a reduction of ad',erse forces on the tail
boom 100.

When the tail boom 100 is not in a flight condition which

produces low and high pressure areas the springs 116 and
126 will cause the high pressure door 114 and low pressure

door 124, respectfully, to be in a closed position. This

provides benefits including reduced drag from ,air flowing

along the tail boom 100 and prevents entrance of foreign

objects into the tail boom 10ft.

Further, in this embodiment stops can be used to prevent
the doors from swinging in opposite directions. That is, the

use of stops will prevent the high pressure door 114 from
moving outward and the low pressure door 124 from moving

inward. This provides the advantage of maintaining the

advantageous moment on the helicopter produced by drag

loads when the tail boom 100 is ya_ved in an opposition

direction from that producing an adverse moment.

In an alternative embodiment, the vent doors 114 and 124

are actuated by a means other than .just springs 116 and 126.
In such an embodiment, the positioning of the doors can be

determined by information obtained from pressure sensors

and/or the helicopter's flight instrumentation or flight com-

puter. Vent doors actuated in this manner can be set to open
either inward or outward, as needed.

In still other embodiments, either or both of the porous

covers 112 and 122 can be used in conjunction with one or

8
the other vent doors 114 and 124. Or the vent doors 114 and

124 themselves can be partially or entirely made of a porous

material. Also, a combination of vent door types (hinged,

sliding, etc.) can be used with the vents 110 and 120.

5 The tail boom 100 can also include one or more strakes to

spoil the air flow and/or divert the airflow into or out of the

vent openings 110 and 120. As shown in FIG. 9, in this
embodiment of the invention, a first strake 140 is mounted
to the first side wall 102 and a second strake 142 is mounted

m to the second side wall 104. Each strake projects out and

away from its respective side wall, and runs generally
longitudinally along the tail boom 100. Although the place-

ment of the strakes 140 and 142 can vary, it is preferred that

the strakes 140 and 142 are positioned near the vent open-

t5 ings 110 and 120 to aid in diverting air into and out of the

tail boom 100, as shown in FIG. 9. The strakes can be made

of any suitable material, such as aluminum or a composite

material and are typically L-shaped to aid in mounting. The

strakes 140 and 142 can be mounted directly to the exterior
2o surface 108 of the tail boom 100.

The size, shape and positioning of the strakes 140 and 142

depend directly upon the design of the helicopter (e.g. shape
of the tail boom, direction of the rotation of the main rotor,

and the like), as well as the anticipated range of flight

25 conditions (airspeed, air density, yaw angle and the like).

Preferably, the strakes 140 and 142 are positioned and have

a height (h_) sufficient to spoil the air flow traveling around

the outside of the tail boom generally from the high pressure

area 200 to the low pressure area 210. The length of the

3o stakes 140 and 142 along the tail boom of the strakes can

also vary depending on their specific use. Further, more than
one first strake 140 and more than one second strake 142 can

be mounted to the tail boom. The strakes 140 and 142 can

be used in combination with one or more of the porous
35 covers 112 and 122 and the vent doors 114 and 124. In at

least one embodiment one or both of the vent doors 114 and

124 can be set to open outward and function additionally as
strakes.

The other primary, element of the present invention is the40
airflow channel 130. As shown in FIGS. 4-6 and 8-9 the

airflow channel 130 is set between the high pressure vent

110 and the low pressure vent 120 and directs airflow
between them. As further shown in FIGS. 4---6 and 8-9 the

natural cavity shape of the tail boom 100 functions as the
45

airflow channel 130 without the need for any further internal

structure such as a plenum or ducting. This is the preferred

embodiment of the airflow channel 130 as it provides the

benefit of reduced complexity and weight of the tail boom
100.

5o
However, in an alternative embodiment, the airflow chan-

nel 130 can include an internal duct 132, as shown in FIG.

10a. The use of the internal duct 132 provides the benefit of

preventing foreign objects from entering the unducted por-

55 tion 134 of the tail boom 1O0. For example, the internal duct

132 prevents ram from entering the unducted portion 134 by

simply channeling the water through the tail boom 100 and

out the low pressure vent 120. As such, the internal duct 132

functions to protect any electrical, hydraulic, structural, or

6o similar components in the tail boom 100 from exposure to
the elements.

The internal duct 132 can be used in conjunction with

either or both porous covers 112 and 122, either or both vent
doors 114 and 124, and either or both strakes 140 and 142.

65 The internal duct 132 can be made of any suitable material,

including such well known materials as aluminum or com-

posites. The size and shape of the internal duct 132 can vary
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depending upon the needs of the helicopter design and the

range of anticipated flight conditions. However, the size and

shape of the internal duct 132 is dependant on the size of the

high pressure vent 110 and the low pressure vent 120.

Preferably, the internal duct 132 is shaped such that its high

pressure end 136 matches the opening of the high pressure

vent 110 and the low pressure end 138 of the internal duct

132 matches the opening of the low pressure vent 120.

Further, it is preferred that the internal duct 132 is shaped to

provide a relatively smooth transition between the high

pressure end 136 and the low pressure end 138.

In an another alternative embodiment, the airflow channel

is an external plenum 130' having a space or duct 132' set

between an inner or original skin 108' and an outer or second
skin 109', as shown in FIG. 10b.

The Method of the Present Invention

The method of the present invention alleviates adverse

loads on a flight vehicle tail assembly. As shown in Figure
lla, at least one embodiment of the method 300 includes the

steps of: receiving air through a first vent in the exterior

surface 310, passing the air through the tail assembly from
the first vent to a second vent in the exterior surface 320, and

ejecting the air out of the tail assembly the second vent 330.

As detailed above in the description of the apparatus of

the invention, the first or high pressure vent 110, can include

a first air permeable or porous covering 112 positioned over

at least a portion of the first vent 110. Likewise, the second

or low pressure vent 120 can include a second air permeable

or poroUs covering 122 positioned over at least a portion of

the second vent 120. The air permeable coverings 112 and

122 (e.g. a wire mesh or other suitable material) function to

allow passage of air while preventing the entrance of foreign

objects into the tail assembly. Preferably, the air permeable

coverings 112 and 122 are sized and positioned to cover the
entire openings of the first and second vents 110 and 120.

Therefore, in an embodiment of the method where the first

vent 110 includes a first air permeable cover 112, the step of

receiving air through the first vent in the exterior surface 310

includes the step of passing air through a first air permehble
cover 312. Likewise, an embodiment of the method in which

the second vent 120 incorporates a second air permeable

cover 122, the step of ejecting the air out of the tail assembly

at the second vent 330, further includes the step of passing
air through a second air permeable cover 332. Both these

sub-steps are shown in FIG. lib.

As also detailed in the description of the apparatus above,

the tail assembly 100 can further include a first vent door 114
attached thereto. The first vent door 114 has a first door

closed position. With the first vent door in the first door

closed position, the first vent door 114 covers at least a
portion of first vent 110. In the same manner, the tail

assembly can include a second vent door 124 mounted
thereto. The second vent door 124 has a second door closed

position. With the second vent door 124 in the second door

closed position, the second vent door 124 covers at least a

portion of second vent 120. In a preferred embodiment, in

their respective closed positions the first and second vent

doors 114 and 124 cover the entire opening of the vents 110

and 120. In their respective open positions the doors allow

the free flow of air into or out of the vents 110 and 120, as

the case may be.

In an embodiment having vents door(s), the step of

receiving air through a first vent in the exterior surface 310

includes the step of receiving air past a first vent door 314.

Further, the step of ejecting the air out of the tail assembly

6o

65

10

at the second vent 330, includes the step of ejecting air past

a second vent door 334. Preferably, each of steps 314 and

334 are performed with the first and second vent doors in

their respective open positions. These sub-steps are shown in
5 Figure llb.

As also described above, the tail assembly can include one

or more strakes mounted to the exterior surface and posi-
tioned to disrupt airflow along the exterior surface.

Similarly, the method of the invention can incorporate the
l0 use of the strakes. As shown in FIG. 11c, in such an

embodiment, the method 300 further includes the step of

disrupting airflow along the exterior surface with one or
more strakes mounted to the exterior surface 305. With a

strake positioned adjacent to the first vent 110 the method

15 300 can include the step of directing airflow with one or
more strakes into the first vent 307. Also, with a strake

positioned adjacent to the second vent 120 the method 300

can include the step of directing air ejected out of the second

vent with one or more strakes 340. Preferably, the air flow
20 is directed into the first vent 110 by the first strake 140, and

the ejected air is directed after exiting the second vent 120
by the second strake 142, so as to further reduce the adverse

loads on the tail assembly 100.

The step of passing the air through the tail assembly from
25 the first vent to a second vent in the exterior surface 320 can

include the step of passing air through a duct in the tail

assembly from the first vent to the second vent 322,. or of

passing air through a duct formed between the original skin
and a second skin from the first vent to the second vent 322.

3o The duct can be a structure set in the tall assembly. This

sub-step is shown in FIG. lib.

Of course, other alternative embodiments of the method

300 exist, including receiving the air through more than one

first vent, using more than one duct to pass the air between
35 the first vent(s) and second vent(s), ejecting the air out more

than one second vent, passing the air in through more than

one first air permeable convering and out through more than

one second air permeable converingt, disrupting the airflow
about the exterior surface and/or directing the airflow into

40 the first vent(s) with more than one first strake, and disrupt-

ing the airflow about the exterior surface and/or directing the
airflow out of the second vent(s) with more than one second
strake.

45 While the preferred embodiments of the present invention
have been described in detail above, many changes to these

embodiments may be made without departing from the true

scope and teachings of the present invention. The present

invention, therefore, is limited only as claimed below and
the equivalents thereof.50

What is claimed is:

1. A flight vehicle tail assembly comprising:

A. an exterior surface;

B. at least one first vent in the exterior surface;

55 C. at least one second vent in the exterior surface;

D. an air passage connecting the at least one first vent and

at least one second vent allowing air to flow therebe-
tween;

wherein the at least one first vent is-located at least near

a high air pressure area acting on the exterior surface

during a range of predefined flight conditions, and
wherein the at least one second vent is located at

least near a low air pressure area acting on the

exterior surface during said predefined flight condi-
tions: and

at least one first vent door attached to the tail assembly,
wherein the at least one first vent door has a first door
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closed position, and wherein with the at le0_st one

first vent door is the first doo_" closed position the at
least one first vent door covers at least a portion of
the at least one first vent.

2. The fight vehicle tail assembiy of claim 1, wherein the

at least one first vent further comprises an air permeable

cover positioned to cover at least a portion of the at least one
first vent and wherein the at least one second vent further

comprises an air permeable cover positioned to cover at least
a portion of the at least one second vent.

3. The flight vehicle tail assemb(y of claim 1, further

comprising at least one second vent door attached to the tail
assembly, wherein the at least one _,zcond vent door has a

second door closed position, and wherein with the at least
one second vent door in the second dc_or closed position the

at least one second vent door covers at least a portion of the
second vent.

4. The flight vehicle tail assembly of claim 1, further
comprising at least one second vent door attached to the tail
assembly, wherein the at least one .second vent door has a

second cloor closed position, and wherein with the at least
one second vent door in the second d,:)or closed position the

at least one second vent door covers at least a portion of the
second vent.

5. The flight vehicle tail assembly of claim 1, wherein the

air passage is a cavity defined within the tail assembly.
6. The flight vehicle tail assembly of claim 1, fu_her

comprising at least one strake mounted to the exterior
surface and positioned to disrupt airtlow along the exterior
surface.

7. The flight vehicle tail assembly of claim 1, wherein the

tail assembly further comprises a first end and a second end,
"wherein the tail assembly is mounted to a flight vehicle

fuselage at the first end and to a tail at the second end, and

wherein said tail further comprises a yaw control apparatus.

8. The flight vehicle tail assembly of claim 1, wherein the

air passage is a cavity defined withir, an external plenum.

9. A helicopter tail boom for reducing adverse loads

during a range of predefined flight coaditions, the tail boom

having a length, a first end and a second end, wherein the

boom is mounted between a helicopter fuselage at the first
boom end and a tail at the second boo_n end, said tail further

comprising a yaw control apparatus, the boom comprising:

A. an exterior surface;

B. a high pressure vent positioned substantially longitu-

dinally along the length of the boom at least near a high

air pressure area acting on the exterior surface during
said range of predefined flight conditions;

C. a low pressure vent positioned substantially longitu-
dinally along the length of the tail boom at least near a

low air pressure area acting on the exterior surface

during said range of predefined flight conditions: and

D. an air passage between said high pressure vent and said

low pressure vent allowing air to flow therebetween, so

that air can pass through the boom from said high

pressure area to said low pressure area to cause a
reduction of adverse loads on the tail boom.

10. The helicopter tail boom of claim 9, wherein the high

pressure vent further comprises a tirs't air permeable cover-

ing over at least a portion of the high pressure vent, and

wherein the tow pressure vent further comprises a second air

permeable covering over at least _ portion of the low

pressure vent.
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11. The helicopter tail boom of claim 9, further compris-

ing at least one high pressure door attached to the tail boom.

the at least one high pressure door having a high pressure

door closed position, and wherein with the at least one high

5 pressure vent door in the high pressure door closed position

the at least one high pressure vent door covers at least a

portion of the at least one high pressure vent, and at least one

low pressure vent door attached to the tail boom, wherein the

at least one low pressure vent door has a low pressure door

10 closed position, and wherein with the at least one low

pressure vent door in the low pressure door closed position

the at least one low pressure vent door covers at least a

portion of the low pressure vent.

12. The helicopter tail boom of claim 9, further compris-I5
ing at least one strake mounted to the exterior surface and

positioned to disrupt airflow along the exterior surface.

13. The helicopter tail boom of claim 9, further compris-

ing a first strake mounted to the exterior surface adjacent to

2o the high pressure vent and positioned to disrupt airflow

along the exterior surface and channel air into the high

pressure vent.

14. The helicopter tail boom of claim 13, further com-

prising a second strake mounted to the exterior surface and

25 adjacent the low pressure vent.

15. The helicopter tail boom of claim 9, wherein the air

passage is a duct.

16. A method for alleviating adverse loads on a flight

vehicle tail assembly having an exterior surface, the method

3o comprising:

A. receiving air through at least one first vent in the

exterior surface:

B. passing the air through the tail assembly from the at
35 least one first vent to at least one second vent in the

exterior surface;

C. ejecting the air out of the tail assembly at the least one

second vent; and

at least one first vent door attached to the tail assembly,

40 the at least one first vent door having a first door

closed position, and wherein with the at least one

first vent door in the first door closed position the at

least one first vent door covers at least a portion of

the at least one first vent, and at least one second vent
45

door attached to the tail assembly, wherein the at

least one second vent door has a second door closed

position, and wherein with the at least one second

vent door in the second door closed position the at

50 least one second vent door covers at least a portion
of the second vent.

17. The method of claim 16, wherein the at least one first

vent further comprises at least one first air permeable

covering positioned over at least a portion of the at least one

55 first vent, and wherein the at least one second vent further

comprises at least one second air permeable covering posi-

tioned over at least a portion of the at least one second vent.
18. The method of claim 16, further comprising at least

one strake mounted to the exterior surface and positioned to

60 disrupt airflow along the exterior surface.




