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AIR TURBINE GENERATOR AND COOLING SYSTEM BACKGROUND OP THE INVENTION 1.
Field of the Invention 5 The present invention relates generally to ram air
turbine devices and more particularly to a ducted type ram air turbine
generator. 2. Description of the Prior Art 10 One type of ram air turbine
generator disclosed in the prior art consists of a ram turbine generator
with the blades mounted externally to extract power from an air stream. The
blades are usually mounted to a rotatable housing forming part of a center
aerobody with the turbine center shaft drivingly coupled 15 to an electric
generator, or a hydraulic pump, or both if desired. Turbine speed control
and power output are maintained through speed control mechanisms which vary
the pitch of the blades under varying flight conditions, thereby tending to
maintain constant power Lo the blades from the air stream. This 20 type of
ram air turbine generator is presently the predominate type used on
externally carried electronic pods, primarily in military applications, and
for emergency power electric/and or hydraulic power. The units are stored
in the wing or fuselage of an aircraft and are deployed into the air stream
when there is 25 failure of the onboard aircraft power. Recent patents
relate to improvements in this basic technology. U.S. Patent 5,249,924
(Brum) relates to mechanisms and controls to adjust the pitch of the blades
for speed control. U. S. Patent 4,991,796 (Peters, et al) discloses a drive
system between a ram air turbine and power 30 generator units aboard a host
aircraft. U. S. Patent 5,122,036 (Dickes et al) discloses an externally
bladed ram air turbine generator with a mechanism to prevent blade stall
and to allow power generation at low speeds, including aircraft landing
approach and final landing.    ~ 3 JUN 2003 WO 00I38985 2 PCT/US99/7,9671
The process of converting air stream power to . mechanical rotary power in
externally bladed turbines, in terms of power extracted relative to the
power dissipated through drag, is relatively efficient at low to moderate
subsonic speeds. S However as the flight speed of the aircraft increases,
to values where the relative velocity between the air and blade becomes
sonic, efficiencies of the process fall off dramatically. In these regimes
the shock waves, induced by the blades, create high frontal pressures on
the blades and flow separation over and 10 behind the blades) with
corresponding dramatic increases in drag. This can occur at flight speeds
in the range of Mach = 0.60 depending on the blade design and shaft
rotational speed. As flight speed further increases to high subsonic,
through transonic, and into supersonic flight regimes the drag to lilt 15
ratio can further increase at least several times depending on blade
profile) reflecting equal increases in the drag for the same power
extracted from the air stream, which is produced by the blade lift. These
drag increases can be critical in applications to electronic pods mounted
to high performance 20 supersonic fighter aircraft. With increasing power
needs for electronic systems in external aircraft pods, this drag penalty
for the external turbine bladed technology has increasing undesirable
impact on aircraft performance, adversely affecting speed, maneuverability
and range. In addition, external bladed 25 ram turbine generators do not
have the capability to provide direct cooling from the exhaust air. In
applications where portions of the flight profile include high speed flight
which induces significant aero-dynamic heating on the skin of a pod,
additional active cooling systems are required for the pod 30 electronics)
entailing additional size and weight penalties. Ducted ram air turbine
generators are a second type of ram air turbines. U.S. Patent 4,267,775
(Sjotun) discloses a ram air turbine generator positioned internally, in
the nose of a missile with a wreath arrangement of inlet ducts supplying
ram 35 air to the inlet of a radial flow turbine. Outlet ducts direct   



~~~uNZOO~ WO 00/3898i 3 PCT/US99/29671 the exhaust flow forward. During
supersonic flight of tire missile) the shock waves off the front of the
missile increase the pressure in front of the exhausts, tending to
increasingly throttle the flow through the ducts and turbine as the missle
5 accelerates, thereby tending to limit the maximum speed of rotation of
the turbine, However, drag reduction features were not a goal and were not
present. The drag is large for the power extracted, due to the reaction
forces set up from the Pull reversal of the air inlet stream, and the
resistance to the 10 exhaust flow from the oncoming air stream. No direct
cooling capability is provided. U.S. Patent 4,477,039 (Houlton, et al)
discloses a vented cowl variable geometry inlet for aircraft. A variable
area vent, in the side of an air inlet bowl with a slidable door, 15 which
can be positioned to allow air flow dumping, thereby permitting starting
with high contraction inlets, for example as used in ram jets, and to
control airflow to the engine during flight. The system is intended for use
with supersonic aircraft air induction systems associated with air driven
auxiliary power 20 equipment. The system controls airflow supply to air
driven power equipment, as is needed for speed and power control. However,
the basic approach offered, including the air induction and then venting)
with the shape of the leading edge of the door diverting the flow outward
through vents, inherently does not 25 offer a reduced drag. Present
inventor Ghetzler's earlier invention entitled "Ram Air Turbine Generating
Apparatus", U.S. Patent 5,505,587 discloses a ducted ram air turbine that
obtains some measure of power output and speed control from purely
aerodynamic and spring 30 activated mechanical internal control elements.
However, the ducted ram air turbine of that invention results in speed and
power variation as great as thirty percent above or below a nominal design
value throughout moderate subsonic through supersonic flight speed range.
For many airborne applications 35 the final power supplied to electronic
systems requires a tighter   9 3 JUN Z03 WO 00I38985 4 PCT/U599/29671
tolerance on power and speed usually in the range of five' percent. Thus,
the use of this earlier invention may entail additional power conditioning
systems with increasing size and weight penalties. This earliest invention
can bypass features 5 which admit and then bypass and exhaust a portion of
the airflow before entering the turbine. As in the Boulton, et al, patent,
the process of admitting, bypassing, and then exhausting airflow presents
drag penalties due to the momentum interchange. It is with the knowledge of
the state of the present 10 technology and limitations of that technology
as just set forth) that the present invention was conceived and now has
been reduced to practice. SUMMARY OF THE INVENTION 15 The ram air turbine
of this invention is designed to reduce drag in the process of extracting
dynamic energy from the air stream and converting the energy to hydraulic
and/or electric power during the complete range of intended flight
operations The intended operating flight regime for this invention is 20
moderate to high subsonic through supersonic. Under conditions when Bower
generation is not required, an aerodynamic shaprd centerbody is advanced
forward in the inlet completely shutting off the air inlet flow while
presenting a low drag forebody to the air stream, thereby also minimizing
drag induced by tae 25 presence of the device during the non operating
mode. In addition to power generation capability the present invention has
the capability of providing cooling air flow to the generator and other
external electronic equipment if desired, through the use of the exhaust
air from the turbine which has been cooled in 30 the process of performing
work on the turbine. In accordance with this invention, a ram air turbine
generator comprises a generally cylindrical external fairing having an air
inlet at the leading end and external exhaust ports proximate the aft end.
The external fairing is mounted to a 35 primary structure consisting of
longitudinal spars which in turn   



9 3 JUN ~0~3 WO 00l38985 5 PCT/US99129671 are attached to several axially
positioned rings in the forward part and structural bulkheads in the rear
part of the fairing. An axially movable centerbody/cylindrical valve tube
structure is coaxial with, and positioned inside the tarring and primary 5
structure forward of the bulkhead structure, and radially proximate the
inner surfaces of the axial spars and rings. An aerodynamically shaped
forward nose acts as a centerbody in the air inlet. The forward nose is of
smaller maximum diameter than the aft cylindrical valve tube. The aft part
of the forward nose l0 is attached to the aft cylindrical valve tube by
aerodynamic shaped vanes which span the increased radius. The
centerbody/valve tube is slidable relative to the fairing and primary
structure on axial slide mechanisms on the inner surface of the
longitudinal spars of the primary structure. 15 A coaxially mounted
cylindrical center flow guide has a outer surface spaced radially inward
from the fairing and primany structure with a front part slidably receiving
the aft surface of the centrebody of the centerbody/valve tube. The
centerbody/valve tube forward nose forms a centerbody of an 20 annular
variable area air inlet. Air flows through an annular space between the
outer surface of the forward note and the inner surface of the fairing,
into the annular openings in annular channels formed between the
aerodynamically shaped vanes, and then into an annular variable area nozzle
formed between the 25 inner surface a plurality of nozzle control doors and
the outer surface of the center flow guide. The centerbody/valve tube
assembly is moveable between a first maximum aft position (position 1),
where the centerbody nose end is axially in line with the front of the
inlet, thereby 30 presenting the maximum inlet area to the air stream. A
nozzle control mechanism attached to the valve tube positions the nozzle
control doors to the maximum open condition, In this position, maximum
airflow is permuted in the variable area inlet and nozzle passages, and
through a stator and a turbine wheel, where 35 a portion of the air
stream's dynamic energy is extracted, and   ,~_ 3 JUN 2UU3 -,, . .... . .
WO 00I38985 6 PCT/U599129671 out through an exhaust deflector and the
fairing external exhaustports to the external environment. The turbine is
drivingly coupled to and powers an electric generator. In a second forward
position (position 2), when maximum 5 generator power output is required,
the nose is advanced forward of the inlet plane, such that a minimum air
inlet area is presented in the annular region between centrebody and inner
fairing surface. The nozzle control mechanism closes the nozzle control to
their maximum extent. 10 In response to a signal from a turbine speed
sensor, an electronic controller activates an electro-mechanical or
electrohydraulic actuator to move the centerbody/forward valve tube. The
centerbody/forward valve tube is moved toward position 2 when flight
conditions and generator load cause the turbine to 15 overspeed above a
certain tolerance The centerbody/forward valve tube is moved toward
position 1 when flight conditions and generator load cause the turbine
speed to fall below a predetermined speed, within a certain tolerance,
thereby tending to maintain the turbine wheel and generator speed within a
20 predetermined speed range. Thus, in a full power extraction mode, under
changing flight conditions with varying air density and flight velocity,
only sufficient air flow and with sufficient kinetic energy will be
admitted into the variable area diffuser and through the 25 variable area
nozzle to the turbine to maintain close to constant fluid d}namic power in
the airflow through the turbine. Thereby the turbine and generator speeds
are maintained at their design values. The variable area nozzles working in
conjunction with the variable area inlet, control the variation in the
airflow 30 velocity to the stator and turbine to cause the turbine to
efficiently- extract energy from the air stream throughout the moderate
subsonic through supersonic flight speed regime. The combination of
admitting only the airflow required, and of efficiently extracting energy
throughout the intended range of 35 flight operation, minimizes drag
throughout the operating flight  



~ 3 JUN 20U WO 00l38985 ~ PCT/US99129671 speed range. During portions of a
flight, when power requirements are reduced below normal operating levels,
or completely cease) the centerbody/valve tube is advanced partially or
completely forward toward a third or closed position (position 5 3),
further reducing or completely closing off the inlet air flow, and further
closing the nozzles, thereby presenting a clean aerodynamic forebody, which
further reduces drag in the reduced or ceased power operating modes. When
cooling capability is desired or required for the 10 generator and/or
additional electronic systems, cooling capabiliaty is provided in an
alternate embodiment of the present invention. The shaft work, performed by
the air flow through the turbine which is converted to electrical power by
the generator, results in the exhaust air having lower internal energy or
15 temperature than the total recovered temperature at the inlet. This
cooled exhaust air is exhausted directly to the external environment
through the exhaust duct when cooling effects are not needed. In the
embodiment of this invention providing cooling, a bypass valve is p=ovided
in the exhaust duct for cooling control, 20 when cooling is desired, the
bypass valve closes off flow to the outside and directs the cooled turbine
exhaust air downstream of the bypass valve through a cooling duct into a
heat exchanger. To minimize back pressure, which would otherwise reduce
turbine efficiency, the cooling duct is provided with low density cooling
25 fins which form the cooled side of an air-to-air or a liquid-toair
exchanger. The other side of the heat exchanger receives heat dissipated by
the equipment to be cooled via an air or liquid circulation loop.
Advantageous applications of the present invention 30 include use with
aircraft external electronic pods while flying at moderate to high subsonic
through supersonic speeds. The aircraft will benefit by way of increased
aircraft speed and/or range from reduced drag both while extracting power
from the air stream and during the non-operating mode. The air turbine of
the 35 present invention results in a smaller maximum external diameter   ~
3 JUN 20a3 WO 00I38985 PCT/US99I29671 8 than present external bladed
systems for a given level of power extracted. The ram air turbine of tire
present invention may be used in external aircraft stores or pods for
generating auxiliary or emergency power to be supplied to the aircraft as
needed. The 5 present invention is applicable to both manned and unmanned
aircraft. Where cooling capability is advantageous or required the
embodiment of the present invention with cooling capability offers size and
weight advantages over present systems which require separate cooling
systems when an external bladed ram air 10 turbine is used for power
generation. In military applications where the radar Signature =S
important, the ram air turbine of this invention offers reduced signature
compared to present external bladed ram air turbine generators. With an
appropriate external fairing, the rotating 15 turbine of the present
invention is not visible from the outside. Still other advantages and
benefits of the ram air turbine of this invention will become apparent in
light of the following description taken in conjunction with the following
drawings. It is to be understood that the foregoing general 20 description
and the following detailed description are exemplary and explanatory but
are not to be restrictive of the invention. The accompanying drawings,
illustrate several embodiments of the invention, with and without cooling
capability. 25 BRIEF DESCRIPTION OF THE DRAWINGS FIGURE 1 is a perspective
external view of a ram air turbine generating device illustrating a first
embodiment of this invention; FIGURE 2 is a perspective view of the ram air
turbine 30 generating device shown in Fig. 1 with certain parts being
cutaway and others shown in section; FIGURE 3 is a half cutaway section o
the ram air turbine generating device show in Fig. 1, showing airflow
streamlines and relative positions of primary internal components 35 with
the diffuser movable centerbody at maximum aft position and  



_~ 3 JUN 203 WO 00/38985 9 PCT/US99/Z9671 the nozzle control doors at full
open position for the design flight condition; FIGURE 4 is a perspective
view of ram air turbine generating device chow in Fig. 1, with portions of
the flow 5 control section and flow control mechanisms exploded; FIGURE 5a
is an enlarged perspective view of the nozzle and control door and
associated control mechanisms positioned for design flight conditions of
the ram air turbine generating device show in Pig. 1, 10 FIGURE 5b is an
enlarged perspective view of one nozzle and control door and associated
control mechanisms positioned for above design flight conditions of the ram
air turbine generating device show it Fig. 1; FIGURE 6 is a cress section
taken along the 1111c 6-6 of 15 Figure 3 showing the slide mechanism in the
longitudinal spars and mating members from the centerbody/valve tube which
allows the centerbody/valve tube to slide relative to the longitudinal
spars; FIGURE 6A is an enlarged partial sectional view of the 20 axial
slots and slide members which assure central positioning of the valve tube
relative to the center flow guide member; FIGURE 7 is a longitudinal half
section similar to Fig. 3) showing air flow streamlines and relative
positions of the primary internal components, the moveable centerbody/valve
25 tube being advanced partially forward and nozzle control doors being
partially closed for a subsonic above design flight condition; FIGURE 8 is
a longitudinal half section, similar to Fig. 3, showing the shock wave,
attached to centerbody nose with 30 an entrance shock residing at the inlet
and the airflow streamlines anti relative positions of the primary internal
components, with the diffuser inlet and nozzle control doors partially
closed for a supersonic above design flight conditions; FIGURE 9 is a
longitudinal half section) similar to 35 Fig. 3, showing the relative
positions of the primary internal   3 JUN 2003 WO 00l38985 1 ~
PCTlUS99I29671 components, with the centerbody/forward valve tube advanced
to the maximum forward position) presenting a clean aerodynamic surface to
the external air stream when power generation is not required; 5 FIGURE 10
is a functional block diagram of an electronic control system for
controlling the turbine and generator shaft speed; FIGURE 11a is a
longitudinal half section, similar to Fig. 3, Showing the relative
positions of the primary interns:. 10 components for an embodiment of this
invention with cooling capability; FIGURE 11b is a longitudinal half
section similar to Fig. 11a, showing the relative position of the internal
components for an embodiment of this invention provided with 15 cooling
capacity) when cooling is required; FIGURE 12 is a perspective view of a
ram air turbine generating device in accordance with another embodiment of
this invention, with parts being broken away and others shown in section;
20 FIGURE 13 is a perspective view of the ram air turbine generating device
of Fig. 12, with portions of the flow control section and flow control
mechanisms exploded; FIGURE 14a is an enlarged partial sectional view of
the ram air turbine generating device of Fig. 12, showing the nozzle 25
control mechanism with the nozzle control doors in their fully open
position; 



FIGURE 14b is an enlarged partial sectional view, similar to Fig. 14a,
showing the nozzle control mechanism with the nozzle control doors in their
greatest flow restricting 30 position; FIGURE 15a is a cross-sectional view
taken along the line 15 - 15 in Fig. 12, with the nozzle control doors in
their fully open position; and   3 JUN 2a03 W O 00/38985 PCT/US99/29671 a
FIGURE 15b is a cross-sectional view taken along the line 15 - 15 in Fig
12, with the nozzle control doors in their greatest flow restricting
position. FIGURE 16 is an enlarged partial sectional view of the 5 nozzle
primary and secondary control doors in their fully open position showing
the flanged bushing which secure the primary and secondary control doors to
each other. DETAILED DESCRIPTION OF PREFERRED EMBODIMENT 10 Referring
initially to Figs. 1-4, the overall construction of the ram air turbine
generating device 28 in accordance with an first embodiment of this
invention will be described. The device 28 comprises a generally
cylindrical external fairing 30 extending between an inlet passage or 15
diffuser 32 at leading end 34 and an aft end 36, and having a plurality of
exhaust ports 40 proximate the aft end. The external fairing 30 is mounted
to a primary structure consisting of a plurality of axially spaced
circumferential rings 50 located In the front section of the device 28, and
a plurality of axially 20 spaced bulkheads located in the aft section of
the device 28, that arc connected by a plurality of longitudinal spars 9G.
A centerbody/valve tube 57 is slidably supported in axial slots 97, best
shown in Figs. 6 and 6a, composed of linear ball bearing or other suitable
slide mechanisms which are positioned in the inner 25 surface of the
longitudinal spars 96 and which in turn are mated with matching axial slide
members 60 mounted to and protruding from the outer surface of the valve
tube part 56 of the centerbody/valve tube 57 into the axial slots 97. The
centerbody/valve tube 57 consists a forward 30 aerodynamically shaped nose
end 76 which forms a centerbody in the air inlet passage 32, with the aft
end of the nose end 76 attached to the cylindrical valve tube 56, which is
larger in diameter than the aft part of the nose end 70', by a plurality of
aerodynamically shaped radial vanes 78. A cylindrical center 35 flow guide
member 42 is coaxial with the valve tube 56 and is of   _~, 3 JllN Q003 WO
00I38985 1 z PCT/US99/29671 the same external dianeter as the aft part of
the nose end~76 and slidably receives in its inner bore an underlapping aft
part of the nose end 76. Together with the axial slots 97 and slide members
60) this construction assures the central positioning of 5 the
centerbody/valve tube 57 relative to the center flow guide member 42
throughout the axial movement of the centerbody/valvP tube 57 with respect
to the external fairing 30. With the nose end 76 positioned in the maximum
aft position (pos:.tion 1)) its forward end is in line with the 10 leading
edge 34 of the fairing 30) and maximum air flow is allowed through the
circular truss aPntinn of the inlet passar~e or diffuser 32, through an
annular variable area nozzle 68 defined between the inner surface of the
valve tube 56 and the outer surface of the center flow guide member 42)
through a 15 plurality of stator vanes 80 which are mounted
circumferentially nn an outer surface 44 of the central flow r~uide member
42 immediately downstream of the variable area nozzle 68) through a turbine
wheel 62, turned outward by the exhaust flow deflector 90, and then out to
the surrounding region through the aft 20 internal exhaust ports 40 and the
aft external exhaust ports 40. A plurality of nozzle control door members
55 are positioned intezznediate the valve tube 56 and the central flow
guide member 42 and are operable to control the exhaust area of the nozzle
68 in response to movement of the valve tube 56 



25 between positions 1 and 2 when full power output is required and between
positions 2 and 3 when reduced power, down to fully ceased power, is
desired. Embodiments of the invention using either a DC generator
(alternator) or an AC generator can provzde reduced power output when the
electrical load is reduced below 30 full power requirements by
automatically positioning the valve tube 56 between positions 2 and 3 to
maintain constant turbine and generator speed while reducing the generator
field voltage and current to maintain constant generator output voltage at
reduced load.   ~13 ~uN 2oa~ WO 00/38985 PCT/US99I29671 13 The nozzle
control members 55 include circumferentially spaced control doors 70
pivotally mounted to side walls 82 of nozzle 68 for movement between a
retracted position, substantially contiguous with the irinei surface of the
valve tube 5 56, and an extended position wherein they extend into the
annular nozzle 68 toward the center flow guide member 42. The control doors
70 are moved between the retracted and extended positions by a plurality of
dual nozzle door control cams 115 mounted to the inside surface of the
valve tube 56 and 10 pairs of cam follower 116 mechanisms mounted to the
side walls of the control doors 70 opposite the doors pivot points 120. By
reason of these and associated mechanisms, each of the control doors 70 is
held in the retracted or open position when the valve tube 56 is in the
first position and in the extended position 15 when the valve tube is in
the second position in a manner which will be more fully described below.
Figure 3 shows the air flow field streamlines and the relative positions of
the internal parts corresponding to the first position, with the inlet and
nozzles at their maximum open 20 positions) which is termed the design
flight condition. The ria~ign flic3ht nnnriirinn ~nrrPapnnr7~ tn the flight
rnn~litinna where the product of density and velocity cubed, which is equal
to the fluid dynamic power per unit area available in the air stream is at
the minimum, and where full required power is to be 25 generated. This
condition would map into a minimum flight speed versus altitude curve where
full power output is requzred. Two typical points on the design condition
curve are Mach = 0.B0 at 37,000 ft. and Mach = 0.45 at sea level At flight
speeds above the design condition at any altitude, excess fluid dynamic
power 30 is available in the air stream, and the system automatically
adjusts the diffuser inlet area and nozzle exhaust area to efficiently, and
with minimum drag, maintain design values o~ turbine and generator speed
and power output in a manner described in more detail below.   ~ ~ ~uN Zoos
WO Q0/38985 pCT/IlS99/29671 14 Referring again to Figure 3, as the air
enters and flows through the inlet diffuser 32, the expanding flcw area
causes the air flow to decelerate, with the a_r stream recovering part of
its kinetic energy in increased internal energy and 5 pressure. This
process is continued as airflow further decelerates while flowing through
an expanding annular channel 4B between the inner wall of the fairing 30
and the outer wall of the center guide tube 42. The air flow then enters
the plurality of variable area aoxzla paccagcc 68 formed between the inner
wall 10 of the centerbody/valve tube 57 and the central flow guide 42 Flow
is re-accelerated in the nozzle passages 68) as the flow area is again
reduced. The air flow control section including the nozzles 6E, control
doors 70, and the nozzle door control members 55 are best 15 seen in Fig 4,
with one door 70 and an adjacent cam 115 shown in an exploded view for
clarity. The dual track nozzle door control cam 1Z5, with the cam track
activation surface 125 facing radially inward, is attached to the inner
surface of the valve tuk~e 56) W1110:11 1~ LC1110VZd in this region for
clarity, Each dual 20 track nozzle door control cam 115 is positioned in
the space provided between two adjacent nozzle side walls 82. Each pair of
nozzle side walls 82 forming a variable area nozzle passage 68 axe parallel
to each other and are attached to the center flow guide 42. They extend
within a small distance of the inner 25 surface of the aft cylindrical
valve tube 56 of the centerbody/valve tube 57. In Fig. 4) and in the
enlarged perspective of Fig. 5a) the relative positions of the door and
control mechanisms for position 1 of the centerbody/valve tube 57, wlth the
doors tally 30 open, are shown. The actuation surface of the nozzle door
control cams 115 contacts door cam followers 116, with the contact force
provided by torsion springs 124 and internal aerodynamic exerting outward
forces on the cam follower shafts 118. The door cam follower shafts 11B
extend through slots 117 outboard of the 



35 nozzle side walls 82 to accommodate their motion as they are   .~ 3 JUN
2003 R'O 00I38985 PCT/US99J29671 15 activated by the noaale door control
cams. They are engaged by one end of the torsion spring 124 mounted on the
outboard side of the nozzle side walls 82. The cam follower shafts 118 are
in turn connected to the side of nozzle control doors 70 mid span 5 along
the doors length through bearings 122 and the doors are pivotally mounted
at their orward tide to beaxingo 120 provided near the top of the side
walls 82 of the nozzle. Figure 5b shows the relative position of the door
and control mechanisms for position 2, that is, the minimum nozzle 10 area
for full power generation at the maximum above design flight conditions.
The nozzle door control cam 115 which is attached to the aft part of the
valve tube 56, which is removed for clarity) has moved forward with the
forward motion of the valve tube 56. The door is pivoted downward by acting
against the cam follower 15 115 attached to the side of the door 70, moving
against the internal aerodynamic forces in the nozzle 68 and the upward
force of torsion spring 124. The cross sectional view of Figure 7 shows the
air flow stream lines and the relative position of internal parts for 20
above design flight conditions and for subsonic flight, where the available
power in the air stream is greater than that required to meet design power
requirements. That is) the nozzle has been partially closed as shown in
Fig. 4. The minimum area of the nozzle exhaust is designed to accommodate
the complete range of 25 flight operational requirements in the intended
aircraft applications. Foi example, assume Lhe ~lesiym:~uaitlUll 15 Lor
Mach = 0.80 (776 ft./sec.) at 37,000 ft. If the aircraft had a sea level
speed capability up to the same speed of 776 ft./sec. (Mach = 0.69) at sea
level) since the air density and therefore 30 the fluid dynamic power
available per unit area is four times yieatez, Che ram aiL turY~liie device
of triis invenCion is deslgned to be capable of reducing the inlet area and
nozzle area to at least one fourth of the maximum area If the flight speed
is increased to Mach = 1.6 or twice the design speed, the fluid 35 dynamic
power is proportional to the speed cubed and reduction in   ~ 3 JUN ~200~
WO 00/38985 PCT/US9912967I 16 area to one eighth would be required. In
general, a11 combinations of altitude and corresponding maximum speed for
the potential aircraft application would be accounted for in determining
the maximum nozzle a=ea ratio reduction. 5 The nozzle control door cam 115
profile, which allows the maximum nn~zla opening et pnsir,~n ~, has a
geomPtri~ enntnnr defined so that for each position forward of position 1
toward position 2, at which point the doors are closed to their maximum
full power operating extent) the ratio of the total exhaust areas 10 of the
nozzles to inlet area of the diffuser is maintained constant. Referring
again to Figure 3, the center flow guide member 42 is supported at the aft
end by a bulkhead 84 which has a plurality of radial spars 86 forming part
of stator 81 and extending from the inner diameter of the stator B1 to a
stator 15 and turbine casing ring 86 enclosing the stator 81 and turbine
wheel G2. The otator and turbine cncaoing ring BG io, in turn, attached to
the longitudinal spars 96 of the primary structure. In the embodiment as
shown, tl:e leading edge of each adjacent pair of nozzle side walls 82)
which enclose the cam 115 and 20 associated mechanisms, has a front nose
enclosed with an aerodynamically shaped leading edge 105, to minimize drag
as shown in Fig. 4. The nozzle control doors 70 are spaced between the
nozzle side walls 82, and seals (not shown) on the edge of the control
doors mate with the nozzle side walls 82 to minimize 25 leakage. Referring
again to Fig 3 which shows the location o the primary internal parts under
design conditions, after exiting the plurality of annular nozzle exhausts,
the air stream then flows fully through a plurality of fixed stators blades
80 which 30 turn the flow in the direction of rotation of the turbine wheel
61 at an optimum angle from the turbine axis for crie particular turbine
design and turbine/generator design speed and a flight speed or fl~.ght
speed range where maximum efficiency is desired. Usually the stator blades
80, blades of turbine wheel 62 and the 35 turbine/generator rotating speed
will designed to provide the  



~~ 3 JUN 2~~3 WO 00I38985 PCT/US99/29671 l7 highest efficiency under
conditions where the aircraft wilt operate most of the time, for example
about Mach = 0.80 and 37,00G feet for many jet aircraft. For above design
flight conditions, the features which 5 reduce the nozzle area in
proportion with air inlet area will allow maintenance of the ratio of air
flow velocities to the blade inlet turbine at close to the ratio of the
flight speeds. Use of pure impulse turbine blades rotating at a constant
turbine and generator shaft speed w~.ll provide high efficiency through 10
the range of stator air outlet velocities/turbine inlet velocities of about
25 percent above or below design conditions. Therefore desirable turbine
efficiency w-.11 be achievable for this example at flight speeds of 0.80
Mach + 25 percent or between Mach = 0.60 and Mach = I.00 or greater at
37,000 fC. 15 altitude. This corresponds to Mach = 0.50 at sea level with
the sonic velocity being 20 percent greater than the sonic velocity at
design altitude. High turbine efficiency is maintained in the transonic
through supersonic region as will be explained while viewing Fig. a In
transonic and supersonic flight, a conical 20 shock wave 150 will be
attached to the nose of the centerbody, and the flow will be deflected
outward into in a conical flow field with the downstream Mach number less
than the free stream Mach number. The flow will then enter inlet 32 through
an entrance normal shock wave 155 which will reside at the inlet or 25
slightly in front of the inlet, with the resulting subsonic downsCream
flow, entering through the diffuser, initially slowa.ng down and then
accelerating in the nozzle passages 68. With the nozzle exhaust area
adjusted by the cams to be eaual to a fixed ratio of the diffuser inlet
area for every position, and with the 30 nozzle in a fixed or converging
configuration at transonic or supersonic flight speadc, tha axhaust will be
choked, thereby limiting the exhaust to a maximum Mach = 1.0 throughout the
transonic through supersonic flight region. This ensures that maximum
turbine entrance velocity will be limited to a maximum of 35 no more than
25 percent greater than turbine entrance velocity   1 3 JUN 2003 WO
00/38985 PCT/US99/29671 18 under Mar_h = n an r~acign rnnrlitinns, rhi~s
anct~ring insring high turbine efficiency through out the transonic and
supersonic flight regime. In some applications, high power output and high
5 efficiency would be desirable through a broader minimum operating range,
i a , from 1nw al ti rrlas Fnr spPa~ic clown tn Marh = n 40 ar sea level up
to supersonic values at 37,000 ft for example. In accounting for the
variation in velocity of sound with local air temperature, Che sea level
flight Mach = 0.40 condition would 10 represent a relative air speed of 463
feet/second, versus 970 ft /second at the Mach = ~ On throyh supersonic at
37,000 ft under standard day temperature conditions for both altitudes. For
a given stator exhaust inclination angle to the turbine axis, optimal
turbine efficiency is obtained by operating the turbine 15 blade at a speed
with a fixed ratio of the stator exhaust speed velocity. Therefore by
choosing the mid point in speed, i.e., at 716 ft./sec. for the design
point, the low speed and high speed operating points would be as much as 35
percent above and below the design point. With use of pure impulse turbine
blade) the 20 fall off in turbine efficiency would be greater than 20
percent and therefore excessive for this wide velocity range. By using a
turbine blade design with some reaction capability, the falloff in
efficiency through this wide air speed zange will be limited to
substantially lower values. The reaction blade turbine 25 recovers part of
the air streams kinetic energy by accelerating the flow in the channels
between the blades which reduce in area along the flow path thereby acting
as nozzles. In pure impulse blades a11 of the acceleration takes place
prior to entrance in the stator channels, which act like nozzles The air
stream 30 enters and leaves the turbine flow channel at the same velocity,
while imparting force and performing work on the blades, purely by forces
generated by momentum change results from the change in flow direction
acting on the moving blades, thereby performing work and generating power.
To implement the turbine reaction 35 capability in a variation of the
present embodiment of the   1 3 JUN 2003 



WO 00/38985 PCT/US99I29671 19 invention) fo= cases where a wider speed
variation with higher eff~.czency is desired, the inlet tlow would be
expanded to a great extent in the diffuser) thus allowing more of the total
pressure recovery, by allowing part of flow acceleration to occur 5 in the
blade passages. The turbine operates at a higher speed to achieve this
advantage. Design of stator and turbine combinations to achieve the desired
performance over an available inlet pressure range is a well established
discipline. After extracting a portion of the fluid dynamic energy 10 from
the air stream flow through the turbine, the flow is turned outward, with
low turbulence, by the aft flow deflectors 90, to flow through the aft
exhaust ports 40, into the external air stream. The exhaust air is cooled
by the turbine expansion process. A portion of the cooled exhaust air is
directed through 15 generator cooling ducts 94, which indirectly cool the
generator via conduction if desired, or directly using blast cooling with
the generator enclosed (not shown) in the aft end with final cooling air
exhaust ports (not shown) or is accommodated by a nose cavie~r of a pod. 20
The centerbody/forward valve tube 57 is driven forward and backward through
an actuator shaft 104 by a conventional linear electro-mechanical or
electro-hydraulic actuator 101) which is positioned inside of the
centerbody flow guide 42 as shown in Fige. 3 and 7. The actuator io fixed
on the aft end to 25 a hub in the bulkhead 84 in a clevis type mounting.
The forward end is attached by a clevis type mounting to the actuator shaft
104. Motion of actuator l01 is activated by an electronic speed controller
10S in response to a turbine/generator speed sensor 107 which is mounted to
the turbine/gcnerator shaft 160. Figure 30 10 shows a functional schematic
diagram of the electronic controller for the present embodiment. Referring
to Figure 10, the electronic speed sensor consists of a rotating slotted
disk 110 mounted with a central hub to turbine and generator shaft 160. A
light emitting diode 35 120 and photo sensitive transistor 122, together
termed the speed   1 ~ uuN 2003 WO 00/38985 PCT/US99129671 20 sensor 107,
are mounted to a bracket 112 with the slotted disk 11U positioned
intermediate between the diode and the trans~.stor. As the slotted disk 110
rotates) the light beam to the photo transistor is interrupted producing a
series of electronic pulses 5 as the photo transistor is turned on and of.
A frequency to voltage converter 133 (a standard converter using standard
integrated circuit technology) converts the series of pulses into a DC
output voltage B which is proportional to the frequency of the pulses. A
digitally programmable voltage reference source 10 132, consists of a DC
voltage source and a digitally controlled potentiometer of standard
technology. The voltage reference output A of source 132 corresponds to a
desired turbine/generator speed. A switched mode controller 134 is
configured to produce a two phase series of pulses at a constant frequency,
the pulse 15 width being determined by the difference between the reference
voltage A and the frequency to voltage converter output voltage B. The
pulse widths of the A and 8 output of the switched mode controller 134 are
inversely proportional. The A and B outputs of the switch mode controller
134 era connected to a two phase 20 power amplifier 136, also of standard
technology, which is used to increase the power level of the pulses to
levels required to drive a DC motor in the linear actuator. If the
reference voltage A and the frequency to voltage converter output voltage B
are equal) the puloo widtho of the 7~ output and the B output of 25
switched mode controller 134 will cancel, thereby providing no net field
EMF and rotational torque to the actuator motor 101. If pulse width output
A is greater than pulse width B, i.e., the reference voltage A is greater
than the frequency converter output D, the rotational speed of the turbine
generator is less 30 than the design speed by the set tolerance and the
actuator motor will be powered to rotate, and thereby move, via a ball
screw mechanism, centerbody/valve tube 57 aftward toward position 1, to
further open the air inlet and nozzles to maintain the turbine/generator
within the desired speed range. If the 35 opposite condition exists, i.e.,
the frequency converter output B   13 ~l~J~l 20~~ WO 00I38985 21 



PCT/US99/29671 is greater, the motor will be turned in the opposite
direction, moving the centerbody/valve tube 57 toward position 2, closing
the inlet and nozzles to reduce speed. In a preferred embodiment, fox high
reliability, a ball ocrew or clectro 5 hydraulic mechanism is chosen for
the actuator 101. A generator 58 is positioned as shown in Figs. 1, 2, 3,
7, 8. and 9 mounted to an aft bulkhead 88 with shaft 160 extending through
a hole in aft bulkhead 88. The shaft 160 is attached to a Shaft coupler 130
to accommodate any misalignment 10 between the turbine and generator shaft.
The shaft 60 then passes through the hub of the slotted disk 110, through
the turbine wheel hub where attachment is made to the turbine wheel. The
end of the shaft 60 forward of the turbine 62 then passes through a forward
bearing which is located in the axial center 15 hole of the aft bulkhead 84
of central flow guide member 42. Figs. 11a and 11b show a first alternate
embodiment of the invention where the cooling capability of the invention
is utilized. When cooling effects are needed, for example in the case of
electronic systems powered by the ram air turbine 20 generator) exhaust air
from the turbine may be directed through a heat exchanger. When cooling
effects are not needed the cooled turbine exhaust air will be ducted
directly to the outside as shown in Figure 11a. When cooling effects are
needed a conventional thermostat (not shown) which is mounted tc and 25
senses the temperature of the equipment to be cooled will trigger a
conventional actuator l42 to close the bypass exhaust valve 140 as shown in
Figure 11b, forcing the cooled turbine exhaust air through a cooling duct
144. An array of low density cooling fins axe positioned in Lhe cooling
duct) witn maximum allowable 30 spacing to maintain low turbine back
pressure and high turbine efficiency. High speed air flow through the duct
will insure high heat transfer efficiency for each cooling fin and the
cooled side of the heat exchanger. Heat from the equipment to be cooled
w111 be removed from trie equipment and circulated Lhrougri trie riot   1 3
JUN ~Od~ WO 00I38985 PCT/US99129671 22 side of the heat exchanger using
conventional air or liquid circulation methods. A second embodiment of the
nozzle and nozzle control mechanism is shown is Figs. 12) 13, 14a, 14b,
15a, and 15b. This 5 embodiment utilizes an annular nozzle 272 including
interleaved panels The annular nozzle operates by contracting uniformly
around center t_1ow guide 42 to restrict flow between through the space
between annular nozzle 272 and center flow guide 42. Referring first to
Fig.l2 and Figs. 14a and 14n. A plurality ef 10 active interleaved nozzle
control panels 270 and 271 are connected to each other at their forward and
aft ends by bushings 275) which are flanged at each end. One flange of each
bushing 275 is secured to the radially inner surface of the radially inner
primary panels 270. The shafts of the bushings protrude 15 through slotted
holes 276 in the secondary panels 271, with the other flanges of the
bushings being on the radially outer side of the secondary panels 271. The
flanged bushings 275 hold the primary and secondary panels within a
predetermined distance of each other while the primary panels, and
therefore the secondary 20 panels, are opened and closed by virtue of the
mechanisms which will now be described. A ramped slotted linkage 215 is
attached to each of primary panels 270 along the centerline of the panel
outer surface. The forward end of each slotted linkage is pivotally 25
mounted by pinned holes 220 to a panel mounting structure 280 which extends
radially inward and aft of annular panel mounting ring 290. Figure 14a
shows a primary panel 270 in maximum open position. A cam follower mounting
plate 217 attached to the inner surface of the aft valve tube 57 pivotally
mounts a cam 30 follower 216, which in turn is engaged in a slotted hole
230 in the slotted linkage 215. As the aft valve tube 57 is advanced
forward relative to the position of Figure 14a, the cam follower 216, which
is maintained at a fixed radial position for a11 axial positions, by 35
virtue of the incline of the slotted hole 230 in the slotted   13 JUN 20Q 



WO 00/3898S PCT/US99/29671 23 linkage 215 causes the slotted linkage 215
and attached primary panel ~ iu to rotate clockwise akwut the ~;I~.1111~C1
hUlE 220 and reacting against the internal aerodynamic forces induced as
the air flow is deflected downward. 5 Figure =4b shows the relative
position of the nozzle control components for the maximum closed pos'_tion
of the nozzle. During the forward motion of the valve tube 57, the valve
tube slides over the outer surface of the annular panel mounting ring 29D)
with a seal means (not shown) located in a groove in the 10 annular
mounting ring 290. The annular mounting ring 290 is attached to the center
flow guide 42 by means of a plurality of aerodynamic shaped radial spars
291 as shown In Figs. 15a and 15b. This embodiment of the invention
provides for less flow blockage to the stator and turbine than the
previously described 15 segmented nozzle embodiment. Movement of the valve
tube 57 is controlled by an actuator 101 and an electronic controller as in
the previously described embodiment. The romped slotted linkage 215
profile, which allows the maximum nozzle opening at position 1, has a
geometric rnntrn~r 20 defined so that far each position forward of position
1 toward position 2, at which point the interleaved panels of annular
nozzle 272 are closed to their maximum full power operating extent, the
ratio of the exhaust area of the annular nozzle to inlet area of the
diffuser is maintained constant. 25 While preferred embodiments of the
invention have been disclosed in detail, It should be understood by those
skilled in the art that various modifications can be made to the
illustrated embodiment without departing from the scope of the invention as
described in the specitlC:dLlUl1 d11(1 11C1Cr1tLCL dcfinGCl in the 30
appended claims.   13 JUN 2003 WO 00/38985 24 CLAIMS What is claimed is:
PCT/US99/29671 1. Ram air turbine apparatus comprising: a generally
cylindrical external fairing having a leading end and an aft end, with an
air inlet passage at said leading end, and with a plurality of external
exhaust ports proximate 5 said aft end; a support structure radially
proximate the inner surface of said external fairing, said fairing
supported by said support structure, said support structure including a
plurality of axial spars, 10 a central flow guide coaxially located within
and supported by said support structure, said guide having an outer surface
spaced from said support structure, a valve tube coaxially located
intermediate said support structure and said central flow guide in radial
proximity to said ~5 primary support structure, said valve tube being
axially movable with respect to said external flaring and having an
aerodynamically contoured nose end, a plurality of openings aft said nose
end of said valve tube enabling flow of air From said air inlet passage
through an 20 annular paeoage formed between an inner aurfacc of the valve
tubc ar_d said outer surface of said center flow guide, a turbine wheel
having vanes, a stator means having vanes for directing air flow to said 



turbine vanes, 25 at least one nozzle in said annular passage between the
outer surface of said central flow guide and said inner surface of said
movable valve tube secured to said center flow guide and extending outward
in close proximity to the inner surface of said movable valve tube, said at
least one nozzle axially extending 30 from a position proximate to said aft
end of said air inlet in   ~ 3 uuN zoos WO 00/3898S PCT/US99I29671 25 said
external fairing to a position in close proximity to said stator vanes)
said valve tube being movable between a first position wherein said
contoured nose of said valve tube end is in line 35 with the leading edge
of said fairing front end such that a maximum flow area is presented to the
air stream in said air inlet allowing maximum air flow through the air
inle~, said at least one nozzle, said stator vanes, said turbine vanes, and
through said fairing external exhaust ports to the surrounding 40 region)
and a second position wherein said valve tube is advanced forward so that
the contoured nose end of said valve tube restricts said air inlet area so
that reduced airflow occurs through said air inlet, said at least one
nozzle, said stator vanes, said turbine vanes, and said fairing external
exhaust 45 ports to the surrounding region, and a third position wherein
said valve tube is advanced to a maximum forward position so that the
contoured nose of the valve ~ube contacts the inner surface of the fairing
air inlet in a manner such that said air inlet is r~m~l aY al y cl oud 2.
The ram air turbine apparatus of claim 1) further comprising a nozzle
control intermediate said valve tube and said central flow guide operable
to control flow of air through said nozzles in rccponce to movement of said
valve tube between said 5 first, second and third positions. 3. The ram air
turbine apparatus of claim 2, wherein said nozzle control includes: , a
plurality of aircumferentially opaccd control door3 positioned between and
pivotally supported between a pair of 5 parallel nozzle side walls for
movement between retracted positions substantially contiguous with the
inner surface of said valve tube and extended positions projecting radially
inward into said nozzle,   .~ 3 JUN Zp~~ WO 00/38985 26 PCT/US99129671 a
cam follower mounted on each of said control doors at a pos-r_inn spared
from said pivnral smpport of said donr, and a slot in said nozzle side wall
forming a cam, whereby movement of said cam follower in said slot moves
said control 5 doo= between a fully retracted position and a fully extended
position. 4. The ram air turbine apparatus of claim 3, wherein said nozzle
control maintains a fixed ratio of the total exhaust areas of the nozzles
to the area of the air inlet passage. 5. The ram air turbine apparatus of
claim 2) wherein said ' nozzle control includes: a plurality of alternately
interleaved primary and secondary nozzle control panels positioned between
and pivotally supported 5 on a panel mounting ring for movement between
retracted positions 



eubetantialiy contiguou3 with the inner surface of said valve tube and
extended positions projecting radially inward into said nozzle, a cam slot
mounted on each of said primary nozzle control 10 panels at a position
spaced from said pivotal support of said primary noaalc control panals on
said penal mounting rilig, and cam followers mounted on said valve tube,
whereby movement of said cam follower in said cam slot urges said primary
nozzle control panels and said interleaved secondary nozzle control 15
panels between a fully retracted position and a fully extended ~JObll,1V11.
5. The ram air turbine apparatus of claim 5, wherein said nozzle control
maintains a fixed ratio of the total exhaust areas of the nozzles to the
area of the air inlet passage. 7. Ram air turbine generating apparatus
comprising a generally cylindrical external fairing, tapered radially
inward toward the leading end with an air inlet passage at a leading   ~~ 3
JUN 203 WO 00I38985 PCT/US99/29671 27 end, and the external fairing
extending to an aft end, and having a plurality of external exhaust ports
proximate said aft end, a primary structure means radially proximate the
inner surface of said external fairing, extending the length of said 5
fairing means, said fairing means mounted to said primary structure, said
primary structure including a plurality of straight axial spars extending
the length of said external fairing, central flow guide means mounted to
said support structure 10 and coaxial therewith, said guide means having an
outer surface spaced from said structure means, centerbody/i.alva rnha
magna inY:Prmarliat-P Sair3 primary structure means and said central flow
guide means coaxial therewith and in radial proximity to said primary
structure 15 means) said centerbody/valve tube means including an
aerodynamically contoured nose end with an aft tubular body with the tube
connected to the aft larger valve tube portion of the centerbody/valve cube
assembly with aerodynam'_c shaped spars spanning the increased diameter) 20
plurality of openings therewith set back at a distance from the nose end of
said centerbody/valve tube aft end enabling flow of air into and through
the openings in said nose end and through the annular passage formed
between the ~.nner surface of the valve tube and said center flow guide, 25
a turbine wheel driving coupled to a generator or hydraulic pump or both,
stator means ~omliiec;Lly dit tluw l a the tuiLine l:Rades, a plurality of
nozzle means, each formed in radial extent in the annular passage between
the outer wall of said central flow 30 guide and inner wall of said movable
valve tube and ~.n circumferential extent between a set of parallel nozzle
side wall means, said nozzle sidewall means consisting of plates mounted to
the center flow guide and extending outward within close proximity co the
inner wall of said movable valve tube means) and 35 said nozzle side wa;l
means; and said nozzle means extending in   f~ 3 JUN Q003 VVO d0/38985
PCT/US99/29671 28 axial extent from an axial position proximate to the aft
end of said primary inlet in said paternal fairing and oxtanding~ afterward
to a position in close proximity to said stator, 



said valve tube means being movable between a firs position whereat said
contoured nose of said valve tube end is in line with the leading edge of
said fairing front end such that a maximum area flow area is presented to
the air stream in said 40 primary inlet of said external fairing allowing
maximum air flow through the primary inlet, through said plurality of inlet
holes in said contoured nose of said valve tube, through said annular
nozzles, through said stator, through said turbine, through, an exhaust
deflector and said fairing exhaust ports to the 45 surrounding region; and
a second position whereat said valve tube is advanced forward so that the
contoured nose end of said valve tube restricts the primary air inlet area
so that reduced airflow occurs through said primary inlet, through said
plurality of 11^:lCt klUl~S 1i1 Lkic contoured :1VSC UL Said valve tube,
through 50 said annular nozzles, through said stator, through said turbine)
through said exhaust deflector and said fairing exhaust ports to the
surrounding region; and a third position whereat said valve tube is
advanced forward to a maximum forward position so that the contoured nose
of the valve tube contacts the inner surface 55 of the fairing primary air
inlet in the manner such Chat the inlet is completely closed) speed sensor
means for detecting the speed of said turbine wheel; and an actuator and
speed control means responsive to said speed 60 sensor means for moving
said valve tube forward toward the second gosition when the speed of said
turbine wheel exceeds a predetermined value, thereby reducing the primary
inlet flow area and air flow through the primary air inlet, nozzles) and to
the turbine, thereby returning the speed of said turbine wheel to the 65
predetermined speed) said actuator and speed control means responsive to
said speed sensor means for moving said valve tube afterward toward the
first position when the speed of said   ~~ 3 ~uN 200 WO 00l38985
PCT/US99/29671 29 _ turbine wheel is less than a predetermined value,
thereby increasing the inlet flow area and am flow through the primnry air
inlet, nozzles, to the turbine, returning the speed of said turbine wheel
to the predetermined speed, said actuator and speed 40 control means
responsive to external control for moving said valve tube forward toward
the third position when power output is to stopped thereby completely
closing the inlet flow area. 8. The ram air turbine generating apparatus as
set forth in claim 7 including: nozzle control means intermediate said
valve tube means and said central flow guide means operable to control flow
of air 5 through the nozzle in response to movement of said valve tube
means between the first, second, and third positions. 9. The ram air
turbine generating apparatus as set forth in claim 8 wherein said nozzle
control means includes: a plurality of circumferer_tially spaced control
doors positioned between and pivotally mounted to each of said nozzle 5
side vanes for movement between retracted positions substantially
contiguous with the inner surface of said valve tube means and extended
positions projecting radially inward into the annular nozzle, a plurality
of cam followers, each said cam follower being 10 rotatably mounted to
shafts attached to and extending circumferentially outward from each of
sand side walls of said control doors adjacent to the end of the door and
opposite said door mounting pivot, a slot in said side wall of said nozzle
side vanes whereby 15 the motion of S21r1 ShafC of said ram followers is
acr_nmmnrlared in said nozzle side vanes when said nozzle control door
moves between a fully retracted position and an extended position, a
plurality of twin cams, each said twin cam mounted axially to the inner
surface of said valve tube and extending radially 20 inward into the
plurality of channels situated between the outboard surfaces of adjoining
said nozzle vanes, and   



~~3~~2003 WO 00/3S985 PCT/US991Z9671 30 a plurality of torsion springs,
each attached on one end to the outboard side of acid nozale vanes ~.n
proximity to and engaged on the other end to the cam follower shaft whereby
25 outward forces are applied to said cam followers maintaining contact
between each cam follower and cam for all positions o~ the cam and cam
follower; whereby each side of said twin cam simultaneously engages the
adjacent cam followers from either side of adjacent said control doors,
whereby each of said control 30 doo=s is held in the retracted position
when said valve tube is in the first position, and whereby each of said
control doors zs held in the extended position when said valve tube means
is in the second position. 10. The ram air turbine generating apparatus as
set forth in clam 8 including track means fox radial positioning and
allowing axial sliding motion of said valve tube relative to said primary
structure, wherein said track means consists of a 5 plurality of grooves in
the radial inboard surface of said longitudinal spars of said primary
structure, each said groove accommodating a re~atching protruding member of
said valve tube which slides in said groove with low friction. 11. The ram
air turbine generating apparatus as set forth in claim 8 wherein said
central flow guide means has an axial bore therein; and wherein said valve
tube means aft end is slidably received in the axial bore of said central
flow guide means. 17 The ram air turbine genararing apparatus as set forth
in claim 7 wherein said valve tube means includes an aerodynamic shaped
forebody forming said contoured nose end, a plurality of air inlet channels
are spaced circum~erentially around and set 5 back from the nose end of
said contoured nose, a cylindrical body connected to said contoured nose
end with aerodynamically shaped spars, and extending afterward to an axial
position in close   .~ 3 JU~J 2003 WO 00I38985 31 PCTNS99/29671 proximity
to the front of said stator) and a plurality of said aerodynamically shaped
spars connecting the smaller diameter 10 contoured nose to the aft larger
diameter valve tube. 13. The ram air turbine generating apparatus as set
forth in claim 12 including a turbine with a turbine shaft rotatably
mounted at the forward end to the aft side of an aft plate member of said
center flow guide and on the af~ end to a plate mounted 5 to the said
primary otructure. 14. The ram air turbine generating apparatus as set
forth in claim 13 including a forward bearing on said central flow guide
means for rotatably mounting said one end of said turbine 10 shaft and an
aft bearing on said turbine aft plate of the primary structure bulkhead for
rotatably mounting said other end of said turbine shaft. 15. The ram air
turbine generating apparatus as set forth 15 in claim 14 including a
generator mounted to the aft side of an axially positioned generator
mounting plate which is mounted to the primary structure, wherein said
generator mounting plate has a bearing for rotatably mounting the shaft of
said generator, with a portion of said generator shaft extending forward
through 20 said bearing; and a shaft coupler for drivingly coupling said
aft shaft cf said turbine to said generator shaft. 16. The ram air turbine
generating apparatus as set forth in claim 7 wherein said actuator and
speed control means includes an elactLUnic: speed CVlltrUl circuit and an
actuator controlled by said speed control ci=cuit for positioning said
valve tube 5 afterward toward the first position when increased speed is
needed to match the required turbine speed, and forward toward the third
position when decreased turbine speed is needed to ma ch the required
tuzbine speed .AAlr.A .AyU.A,L.A9.AFL.A..AyL.Al_.A
?.Ah3%.AF.A3l.Ar.Afy%.AS.A_.A@9.Anl.A.AS.A,l.A.A.A.A@.AY.AS[.A@,.A,nF.A5 
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