Feb. 6, 1951 N. C. PRICE | 2,540,991

GAS REACTION AIRCRAFT POWER PLANT

Filed March 6, 1942

8 Sheets-Sheet 1

? ’; 3033011683
| ~
303
i -~
27 as |l 0 ~~f 308
- :325{~ ﬂ‘“ 12
A6 - ) IYINAN __j-307
| : ,l 4.\*-',1-&? - rf16—1
204y ~31!
| 1 Ly
1 st i
Vo Iadet -~ f30s
LS “Jr 310
‘ 1
325
305
F -—f-309
314 H
3
a6 317 I 303
ey
19 620 ) '
s
15_31 A B =
5 3 UUETT T 18 320, a1 T :
300 T P -
" T =S — — — — e -
39 ; / (- 183 isd 182
62l a6 47 33{2 /¥ Y55 302 300
aar{ (; F16=2
3
INVENTOR.

Narrnan C. PRICE

8 VW




Feb. 6, 1951 N. C. PRICE 2,540,991

GAS REACTION AIRCRAFT POWER PLANT
Filed March 6, 1942 8 Sheets—Sheet 2

429

279
429

—n

O

379
369

Y429
395 370

a1l
1
z Co
/! R ¢ by
A > -
1
374 a7 41 387 56 \372 406 38! 183 376 184
Fi6—6
43 48 44 3
a2 40

bo=Nee 617 19 35 INVENTOR

MNATHAN C.PRICE
rFi6—7 »

BV;’Z :Zgg )




2 o
o
e o
6061423 424 495 |89 Jf=
40 208 54,/ 68 75 [l [ g & N
‘ 1R ES 91 8 3 b
Q
12 10, a7 3 38 5 84.90,147 113 15 130 155 161 156 2] o
r'o A AL TN ETNIHE oMl e0 Y45 o a0
SR 2 83 ) -
% ' =12 o
1+(329 25 39 57 [51 o8 163 K
20 2i ! 34 N1 188 {es 43 128 135 65 ]
. - - - - - - — I z -
2 T 58 |59 6 7 & g3 4 18 - N
26 & F 76 | _ee)l 7l & . = , @
C ’ ® : [ - &
- 2 12 /\®m
' 3| 504 E
10 — S
36 : f— g
41 591 70 Z
6 =
59 .
485 2 /E/G_B E Q
256 R 268 260 R, 258 2 ;U
=
[ =1 257 ':‘::1 Z’
208 12214 " = Fﬂ)
0
215 3
) fl6—8 &
267 =
g
263 23
Pl £
275 3
D ;
AN § 225 eee’] 238 21 ©
N 2347 Masr|\\233 ot
I o\e3s 0
N b &
< S - ‘!\7
: o 247 v 2
* 3 2 'S
vJ 388 8 E=)
D
QD 258 o 8
™ == “ ©

255




Feb. 6, 1951 N. C. PRICE 2,540,991
GAS REACTION AIRCRAFT POWER-PLANT
Filed March 6, 1942 8 Sheets-Sheet 4

LA
. g N (37 B Y
el A R
AN T 2o Tl -...g‘ F/G_23
o e
208 (égg 208
209 263 271 267 210 209
210 Z ‘
20 31-h 207 20 207 v {204
277 / 3 ] 203
, = 275 . ) ; 206
30 20 206 30] i3 35
2% 195 11198 ‘ 77
T 278
19
A Q97 582 Ql “ = 76
1904]J32
A Y]
Yo
207
209
Fi6—12

INVENTOR
NATHAN C.PRICE

BV:Z :_’,:édﬁ




Feb. 6, 1951 N. C. PRICE 2,540,991

GAS REACTION AIRCRAFT POWER PLANT
Filed March 6, 1942 ' 8 Sheets-Sheet 5

7”' 4

SN
2z
7

Sma

SN

‘&g/‘
= — R
N
254 N"K«;
= —gA, g
~‘ e, V- Smem— ‘
248 N Wamam\
219 244

FiG —15

INVENTOR
NaTran C.PRICE

B}’i ;Z'/A




Feb. 6, 1951 N. C. PRICE 2,540,991

GAS REACTION AIRCRAFT POWER PLANT

Filed March 6, 1942 _ 8 Sheets—Sheet 6

ua 121 nz i
132
m . 103
92
89 A9e 9 108
8s
1 17 P
95 :4"’ 95 94 | 7
! B0
Z 7777 W/ AT W24
0 155 101 96 97 a97) ~I23
E——S - [ 4 122 o7
: A LLEITL AR LALLM RN ‘\‘ "N }
o, . .98 Y
1o % B 1.
Fi6—18 SSSSSSSSEY ANANANANARRNNNANNNN NANNN P NN "o
‘ IR Moo 105 |
102 T ,
72727, vIIIIIITIIAS S IV I NI,
Fi16—17 ,
_ ' INVENTOR
MNatran C.PRICE

| By.d.ﬁaéeavm

-~




Feb. 6, 1951

Filed March 6, 1942

N. C. PRICE

GAS REACTION AIRCRAFT POWER PLANT .

2,540,991

8 Sheets~Sheet 7

CONTROL VALVE
543,
cng:ﬂfﬂ'fp 53‘: 2 Fa37 &
SoLENoD || gae % L INTERCIOLER Fr6 —20
1 0 53 552
1530 ‘ -
529 =
am  Sesas 41 CABIN INCLOSURE
corPressor || L l s
. l \| 5%6 f
=367
= ! 39 559
COOLER = 40
lomrssome Rec- | 122 DIFFERENTIAL RELAY 5536
ULRTED SWITCH OVERRUNNING CLSTCH
314 471
yi 'y
\ INTRCOOLER S
L “ 3
- |
AL
4
1 |-
1
| C1 >
; S
o
( INTERCOOLER
1 s 315
07 m
. g
j 8 5% 153 e
= I} safftss ot
FUEL TANK 1\
T ' A27
aq 395 -
514 1 389 = 429
==, 43
s g X438
SUEL PurrrR =
aaz 432
My, A a8 o T 440 | P
= 4 a8 o =Ne% 452
= — &as
30: - re 455 433
3 Sy - [—q48
490 49, 475" ASS STOP
e prlipny = IGNITION
- f STARTER
t 453 2rrower
-,
H
9a A7 [ sue rueL 570
o 132
o~ 2 MIANOAL (ONTROL LEVER |
- m— — ————
"INVENTOR
Narran C.Price

8y




Feb. 6, 1951 N. C. PRICE 2,540,991

GAS REACTION AIRCRAFT P.OWER PLANT

Filed March 6, 1942 ‘ 8 Sheets-Sheet 8
364 3654 367 365 N
340 341 a3s 363 i N 133
s> '/5
339 HINTE 30 “aez aee ‘
1] ass ' :
t o 8 Fi16 —24
338 1 [-as7 : LA i68
. L} 350 '
343 354 157 [
355 e
352 351 :\ | 169- o7
34 353 Rt
47 r_ !
342 348 Ll
e 350 g
345 356 =
o
177
175\ ~i74
179 176
2 111 ‘y'z‘\.
“““““““ i .Q;%“S‘—?ll‘\
W A, L2273
e AL o e Y. T
B . - A A _ NVENTOR
- HNiso : Matran C.PRICE
S ‘ '
8y i :_4£ vy




Patented Feb. 6, 1951

2,540,991

UNITED STATES PATENT OFFICE

2,540,991
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Nathan C. Price, Hollywood, Calif., assignor te
Lockheed Aircraft Corporation, Burbank, Calif.

Application March 6, 1942, Serial No. 433,599

_ 1.

This invention relates to prime movers .of the
gas reaction type in general and more particularly
to the internal combustion, reaction types of en-
gines, which function in the ;manner commonly
known as “jet propulsion.” This invention finds
its principal application as a power plant or
prime-mover for aircraft and the like high ve-
locity vehicles and particularly high altitude air-
planes designed for substratosphere or strato-
cphere flight. '

In aircrait.employing the conventional propel-
ler for propulsion, present trends in development

+11 Claims. (CL 244—15)
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indicate that the practical limit of speeds attain-

able therewith lie in the region of five hundred
miles per hour. This limitation occurs by reason
of the inherent limitations in efficiencies of pro-
pellers as high speed propulsive units and is de-
termined by their indicated abrupt falling-off of
efficiencies to .a low value which become prohib-
itive in power requirements at velocities in the
region of five hundred miles per hour. The ef-
ficiencies of propellers of conventional design or
of practical size when operated under rarified at-
mospheric conditions are such as also substan-
tially to preclude their use in high speed strato-
sphere flight. Yurthermore, the frontal area of
airplanes for extremely high speed operation must
necessarily be reduced below that now possible
with the conventional types of power plants and
the lifting efficiency of wings should be increased,
both of which are accomplished by the novel fea-
tures incorporated in the design of the power
prlant as will be described hereinafter.

Certain features of this invention also solve the
peculiar installational problems associated with
the type of power plant of this invention in the
airplane, which require treatment entirely 4dif-
ferent from that for conventional power plants.
The method of co-ordinating the power plant de-
sign and characteristics with the airplane per se
and with accessory systems of the airplane re-
quires special and novel measures which are in-
cluded herein within the scope of the present in-
vention.

It is accordingly an object of this invention to
provide a propulsive unit for aircraft which does
not possess the aforesaid speed imitations of the
conventional power plant and propeller. It is a
further object of this invention to provide a pro-
pulsion unit which will operate at augmented ef-
ficiency at speeds and at altitudes in excess of
those practical with the conventional propeller
apparatus. It isa further object of this invention
to provide a propulsive unit adapted to operate
efficiently at supersonic speeds and at altitudes
within the stratosphere. It is also an object of
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this invention to provide a propulsive unit and
associated apparatus which will be capable of im-
parting increased economy and flight range to
the aireraft with which it is associated.

It is a further object of this invention to provide
an improved aircraft propulsive unit which shall
be economical in fuel consumption, light in weight
and have a reduced frontal ares in proportion to
power developed. . .

It is a still further objective to provide a power
plant incorporating suitable measures to insure
improved operation of accessory systems of the
airplane, and to offer the most areodynamically
attractive type of power plant installation as a
whole,

It is an objective to provide a power plant which
is applicable to every type of airplane as a basic
unit, which with replacement or addition of a
few minor parts, can be made to operate super-
sonic, near sonic, or low speed freight airplanes.

It is an object to provide a power plant which
is an improvement from maintenance and service
standpoints, compared to. conventional power
plants.

The objects of this invention are attained in
general by providing a power plant which pro-
duces propulsive work and force wholly or in part
by means of the reaction of a high velocity ex-
pansible fluid jet.

This invention resides briefly in means to ef-
ficiently compress air in several stages by the
combined effect of impact or “ramming” produced
by the high velocity of the unit relative to the air
and by the action of multiple stage power driven
compressor units of high efficieney, introduction
and constant combustion of fuel in the thus com-
pressed air to form high temperature high vol-
ume gaseous products of combustion, and utiliz~
ing the expansion and reaction of the gases to
drive the compressors and to supply reactive pro-
pulsive force to the unit, all subject to automatic
controls acting in co-ordination with certain
other mechanical portions of the airplane such
as power driven landing wheels, boundary layer
removal fans and/or take-off propellers.

Other objects and features of novelty will be
evident hereinafter. )

This invention in its preferred forms is illus-
trated in the drawings and hereinafter more fully
described.

Figures 1 and 2 are general plan and side ele-
vational views showing a typical installation of
the invention in an airplane fuselage of an zir-
plane equipped with foldable take-off propellers,
landing wheel power drive, and wing boundary
layer removal fans,
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Figure 3 is a cross-sectionel view taken on line
83—3 of Figure 2.

Figure 4 is a fragmentary plan view showing
a typical installation of the invention in an air-
plane wing.

Figure 5 is a cross-sectional view taken on line
5—5 of Figure 4.

Figure 6 is a cross-sectional view taken on line
6—6 of Figure 4.

Figure 7 is a fragmentary sectional view taken
on line T—1 of Figure 4.

Figure 8 is an elevation in partial cross-section
of the general assembly of the power plant unit
of the invention. .

Figure 9 is an alternative arrangement of a por-
tion of the unit of Figure 8.

Figure 10 is a frontal view of the unit taken at
line 10—I190 of Figure 8. ‘

Figure 11 is an enlarged detail view in partial
cross-section of the axial blower differential ac-
cessory drive transmission for the arrangement
of Figure 8.

Figure 12 is an enlarged detail view in partial
cross-section of the axial blower differential ac-
cessory drive transmission for the optional ar-
rangement of Figure 9.

Figure 13 is an enlarged fragmentary detail
view of a compressor cylinder of Figure 9.

Figure 14 is an enlarged detail view of an axial
blower blade showing the method of attachment
to the rotor.

Figure 15 is an enlarged detailed view of blades
of the gas turbine showing the method of attach-
ment to the rotor.

Figure 16 is a partial cross-sectional view taken
on the line 16—16 of Figure 8 showing the ar-
rangement of the fuel burners.

Figure 17 is an enlarged detailed longitudinal
cross-section taken on line 1T—I7 of any one of
the burner tubes of Figure 16.

Pigure 18 is a fragmentary cross-sectional view
taken at line 18—18 of Figure 17.

Figure 19 is a persvective view of a pair of the
burner tubes of Figure 16. ’

Figure 20 is a typical flow diagram for the in-
stallation of the power unit of Figure 8 in an air-
plane or airplane wing.

Figure 21 is a cross-sectional view of boundary
layer control apparatus optional to that shown
in Pigure 20, and arranged to cooperate with the
power plant.

Figure 22 is a fragmentary front elevation of a
typical landing gear drive installation as may be
employed in Figures 2 and 3 and arranged to co-
operate with the power plant.

Figure 23 is a fragmentary front elevation of a
typical landing gear drive installation as may be
employed in Figure 4.

Figure 24 is an enlarged fragmentary cross-
sectional view of the variable opening nozzle
shown in Figure 8.

Figure 25 is an enlarged fragmentary cross-
sectional view of the counter-rotation transmis-
sion of Figure 8.

Figure 26 is an enlarged fragmentary cross-
sectional view of the apex of the gas turbine
showing the supplementary fuel jets and other
details.

Figure 27 is an enlarged fragmentary cross-
sectional view taken on line 27—27 of Figure 1.

Referring to the drawings in which like refer-
ence numerals- refer to corresponding parts
throughout the several figures, the apparatus of
the invention is as follows:

The subject power plant, operating at high
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altitude in air of extremely low density, must
necessarily handle a great volumetric air flow. .
It is thereby essential that the inlet of the blower
system of the power plant be made unusually
large and that it have a very high compression
efficiency at the same time. Therefore, at the
leading end of the jet power plant as shown in
Figure 8, a cylindrical housing 10 is provided
for the multi-stage axial blower C: which con-
stitutes the first stage air compressor. The hous-
ing 10 is provided at the forward end with an an-
nular opening {1 defined by a grooved spigot 12,
both of which are of substantially full axial
blower diameter and to which a forwardly di-
rected conical ram 13 comprising a tubular con-
duit of truncated conical shape may be semi-
flexibly attached by means of a short flexible cou-
pling 14 as best shown in Figure 20 and also as
shown in modified form at 14’, 15—(6 in Figure 2
and 1T7—I8 in Figures 4 and 6. This ram nor-
mally extends out of the leading end of the fuse-
lage or the leading edge of the wing according
to the type of installation and faces forward into
the relative airstream with the open end of
smallest diameter foremost, whereby intake air
may be caught and initially compressed in the
ram by impact affected by the high velocity of
the air relative to the aircraft under flight con-
ditions prior to its entrance into the before-
mentioned axial blower. The ram may be pro-
vided with auxiliary shuttered openings as shown
at 19 in Figures 1 and 2 to increase the effective
inlet opening of the ram for admission of addi-
tional air when the airplane is operating at low
speed as at take-off or as in a steep climb. These
auxiliary shuftered openings as shown at 19 ex-
tend laterally, forming passageways communi- .
cating between the ram 15 and the outside sur-
face of the fuselage by way of the slots 620 and
621 into which the foldable propeller blades are
adapted to be housed. As described more fully
hereinafter, the lateral ducts (9 are provided
with spring loaded check vanes which auto-
matically close them against outward passage of
air when the pressure inside of the ram is higher
than the atmospheric pressure adjacent the out-
side surface of the fuselage in the vicinity of said
propeller housing slots. When the pressure in the
ram is less than that surrounding the fuselage
the vanes are adapted to automatically open un-
der the differential air pressure and to allow pas-
sage of additional air into the ram.

The rotor shell 28 of the axial blower C:1 has a
form which may be defined approximately as a
truncated, prolate spheroid, and is constructed,
preferably, from a relatively thin metal tube
spun to the desired shape. A plurality of axially
spaced reinforcing rings 21 of suitably varying
diameters are attached to the inside surface of
the rotor shell 20 by suitable means such as by
welding and furnace brazing, one such ring
preferably being positioned opposite each row of
the plurality of rows of impeller blades 25 and
adapted by suitable slotting in the rotor as shown
at 22 and in the said ring as best shown at 23 in
Figure 14, to receive the inwardly extending im-
peller blade shanks as shown at 24. The said
rotor shell 20 is provided with axially spaced rows
of the slots 22 which are shaped to fit the contour
of the curved impeller blades and to position
them at their proper angles. The rings serve in
operation to carry the concentrated centrifugal
forces of the blades, and to insure circularity of
the rotor while at the same time permitting the
rotor shell to be made of relatively thin mataricl
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18 gage chromium steel for example, to reduce
welght. The thin walled rotor shell reinforced
by the internal rings to which the blades are se-
cured form the subject matter of my co-pending
application Serial No, 788,350, filed November 28,
1947, which issued as Patent No. 2,501,614,
March 21, 1950.

The forward end of the axial blower rotor 20
carries a coaxially positioned, forwardly extend-
ing hollow spindle 26 with which it is rotatably
supported in suitable bearings 21 which are in
turn supported within the streamlined forward
bearing housing 28. This forward rotor bearing
housing 28 is supported and centrally positioned
within the axial blower housing inlet spigot 12
by means of a plurality of interconnecting radi-
ally disposed, streamlined struts as best shown
at 29 in PFigure 10. The struts, in addition to
their structural function, serve as air straight-
ening vanes to prevent uncontrolled swirl of air
at the inlet of the blower, thereby increasing efil-
ciency of compression. The rear end of the rotor
shell 20 is closed by the inner formed half 30
of the housing of a fluid coupling unit F which in
turn carries a coaxially positioned rearwardly ex-

tending spindle 32 as best shown in Figures 11°

and 12, The fluid coupling structure thus serves
as part of the rotor structure, thereby conserving
weight and space. Furthermore, in operation,
heat developed in the coupling is carried off by
indirect heat exchange with the air being dis-
charged from the blower. The said spindle 32
is rotatably supported in suitable needle bearings
33 within the end of shaft 76 which is in turn
rotatably supported centrally within the power
plant housing by means of bearing 11 carried in
a suitable lateral diaphragm or web 35.

The axial blower housing {0 carries on the in-
side a plurality of rows of inwardly extending,
radially disposed, stationary diffuser vanes 37 ar-
ranged to stand intermediate the rows of im-
peller blades 25 and fitting with small clearances
between said blades and said rotor shell. This
housing, which may be fabricated or cast of a
light weight metal such as 8 magnesium alloy,
is provided on the outside with a plurality of
relatively deep intersecting, laterally and longi-
tudinally disposed ribs 36 for the purpose of im-
parting sufficient stiffness thereto to maintain
impeller-vane clearance to close tolerances.

The inner exhaust end of the axial blower ter-
minates in a split, double scroll outlet housing
38—39 having a pair of outlet spigots 40 and 41
which lead through suitable couplings 42—43 to
suitable intercoolers which may be arranged in
the airplane wings as shown at 44—45 in Fig-
ures 1, 2 and 4 to 7 and also as shown diagram-
matically in Figure 20, and hereinafter more par-
ticularly described.

Advantages residing in the hereinbefore de-
scribed arrangement and construction of the
axial blower are the flexibility of control and
relatively high adiabatic efficiencies of which the
unit is capable, such efficiencies ranging from 85
to 90 percent. This construction also results in
a unit which is light in weight and small in
frontal area relative to the large quantity of air
it is capable of handling and supplying to the
subsequent stages of compression,

The axial blower rotor is driven through a
planetary transmission and & fluld coupling as
best shown and hereinafter described in connec-
tion with Figures 11 and 12.

Located in the intermediate portion of the
power plant and immediately to the rear of the
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axlal blower transmission is the second stage air
compressor unit Cz which is preferably of a high
speed multi-stage radial flow or centrifugal .
blower type ag shown in Figure 8. This centrif- .

ugal blower comprises three additional stages
of centrifugal compression 5{, 52 and 53 in tan-
dem arrangement with a liquid fed intercooler
54 intermediate its first and second stages. 'This
type of compressor with its integral cooler lends
itself to diametrally compact and short coupled
construction and is adapted to high efflciency op-
eration upon the dense air fed from the first
stage compressor after passing through the wing
surface cooler. Furthermore, the series of radial
flow impellers in tandem as shown, offers & num-
ber of intermediate annular spaces in the main
casing, which are ideal from the air flow stand-
point for the incorporation, if desired, of addi-
tional liquid fed intercoolers which may be con-
structed and arranged similar to that shown at
54, ’

A pair of inlet nozzle connections 55 and 56
serve to receive the first stage compressed air
from the before mentioned wing intercoolers and
to introduce it through the annular chamber 57
to the inlet 58 of the first eentrifugal impeller
58. A plurality of stationary diffuser vanes 60
receive the compressed air from the impeller 59,
and annular chamber 6f serves to direct the flow
of air therefrom to the inlet of the said liguid fed
intercooler 54 which is more fully deseribed here-
inafter. The outlet 65 of the intercocler 54 com-
municates with the inlet §6 of the second centri-
fugal blower impeller 67 and the annular shaped
chamber 68 formed in the body of the unit in
turn serves to direct compressed air leaving im-
peller 67 after passing through the stationary
diffuser vanes 69, to the inlet 70 of the third
and final centrifugal compressor impeller TI.
Alr from the final stage impeller 7! passes
through stationary diffuser vanes 15 to the en-
france of the combustion chamber Z.

This beforementioned liquid cooled intercooler
54 is preferably constructed of a continuous
metal tube wound in the form of a compact
multi-layer helix the turns of which are co-
axially positioned with respect to the axis of the
unit and with the turns spaced relative to one
another by means of a plurality of perforated
radially positioned fins, the whole being adapted
to fit snugly in the annular chamber formed in
the blower housing intermediate the first cen-
trifugal stage discharge 61 and the second cen-
trifugal stage inlet 65.

Similarly constructed intercoolers may be
placed in the centrifugal blower housing inter-
mediate each of the centrifugal blower stages.

Cooling is effected by circulation of a suitable
liguid coolant such as ethylene glycol through
the intercooler coils and through a suitab'e heat
exchanger external to the blower as hereinafter
mentioned in connection with Figure 20 in the
description of the operation.

The said three centrifugal blower impellers
59, 67 and 11 are fixed to a common shaft 16
which is rotatably journaled at its forward end
in bearing 77 as best shown in Figure 11 and at
the rear end in bearing 18. Bearings-717 and 18
are supported coaxially within the body of the
centrifugal blower portion of the power unit by
suitable diaphragms or webs 35 and 80 respec-
tively. The forward extension of the centrifugal
blower shaft 15 couples into the axial blower and
accessory transmission in a manner more fully
described hereinafter. The rear end of the shaft
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76 carries a bevel gear 82 which constitutes a

portion of the counter-rotation transmission

through which it is driven by the gas turbine G,
also as more fully described hereinafter..

The before mentioned combustion chamber Z
into which the final stage compressor discharges,
is an approximately annular space defined on
the outside by the housing 85 and on the inside

" by a shroud 86, both pieferably fabricated from
a heat resistant alloy such as nickel-chromium-
iron. The said outside housing 85 and inner
shroud 86 are formed with adjacent and op-
positely facing ogee curves which together form

10

in effect a series of sidewardly interconnected, .

parallel cylindrical pockets or barrels 87 having
their axes equidistant from and parallel to the
axis of the power unit and adapted to house the
plurality of cylindrical burner tubes 88 as best
shown in Figures 16, 17 and 19. The substan-
tially annular combustion chamber Z, compris-
ing said pockets or barrels, converges at the rear
end to an annular nozzle ring 90 of reduced
cross-sectional area and containing in the por-
tion of reduced area a plurality of circumferen-
tially spaced vanes as shown at 84 in Figure 8.
The said combustion chamber nozzle ring 90
serves to hold a back pressure upon the com-
bustion chamber and to efficiently discharge hot
gases at high velocity from the combustion
chamber into the expansion zone of the gas
turbine G.

The before mentioned burner tubes 88 are
each coaxially positioned and rigidly supported
within each of the combustion chamber pockets
87 by means of a streamlined tubu'ar strut as
shown at 91 which passes radially out through
the combustion chamber shell 85 and is retained
in gastight connection therewith by means of
external nuts 89 threaded at 92 to the outwardly
projecting portion 93 of the said struts. The
inner end of the said strut makes welded con-
nection with a perforated cylindrical sleeve 894
in which the burner tubke 88 is firmly gripped.
The perforated sleeve 94 and strut 91 are pref-
erably constructed of a heat resistant metal al'oy
such as nickel-chromium-iron.

The burner tubes which are preferably con-
structed of a refractory material such as Car-
borundum, are as previously stated, cylindrical
in general form but are constructed as best
shown in Figures 17 and 19 of two concentric
tubular portions 95 and 86 which together form
an intermediate annular passageway 97 having
an approximate Venturi shape as viewed in
longitudinal cross-section, and an inner straight
cylindrical passage 98. The Carborundum can
withstand a temperature of 3500° F. In case a
thermal fracture should develop in the Car-
borundum the air-cooled perforated sleeve 54
serves to hold the fractured parts together.

The outer tubular wall 95 of the burner is

formed with a plurality of external V-shaped

flutes of variable depth as shown at 101 which
extend upward and vanish at a point about half
the length of the burner from the rear or outlet
end 102. The inner surfaces of the Vv-shaped
flutes make contact at their inner vertices with
the rear portion of the before mentioned inner
tubular portion 88 of the burner and form in
conjunction therewith a plurality of circum-
ferentially spaced outlet openings as best shown
at 103 in Figure 19. Concentric support for the
rear end of the said inner tube 86 is also thus
provided.

A plurality of radially directed holes, as shown
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‘at 100, pass through

the inner tubular portion
of the burner at the throat portion of the Venturi
section.

Fuel spray nozzles extend concentrically for
a short distance into the forward ends of each
of the before described burner tubes as shown

.at 106 and each nozzle carries at the inner end,
-a spray head 106 provided with peripherally

spaced perforations 104 adjacent and coaxially
directed with respect to the before mentioned
holes 100 leading into the annular combustion
rassages. The said spray nozzles communicate
with and are supported by air injection tubes
101 which extend Ilaterally through suitable
flanged inlet connections {08 provided in the
rear portion of the combustion chamber housing
86. These air injection tubes make connection
through suitable manifolding 111 to a source of
compressed air; and centrally positioned within
the air injection tubes 107 and extending to a
point close to the nozzle head is a fuel injection
tube 110 which makes external connection
through a manifold (12 to suitable fuel supply
pumps and regulators hereinafter described in
connection with the flow diagram of Figure 20,
The fuel spray nozzles are each provided with
a spider comprising a number of relatively thin
radially positioned webs as shown at 122 adapted
to fit snugly into the inside of the forward por-
tion of the inner burner tube 96. The said
spider thus serves as a positioning and centering
support for the forward end of the inner burner
tube. Certain features of the fuel injection
means herein described are covered in my co-
pending aprlication Serial No. 579,757, filed
February 26, 1945, which issued as  Pat,
#2,526,410. '

Making threaded connection into each of the
outer end portions 93 of the burner tube struts 91
which extend outside of the combustion chamber
housing 85 is a glow plug 99 which serves as the
igniting means for the combustible fuel-air mix-
ture which is formed in and flows through the
burner tubes. The glow plug is constructed with
a threaded metal bushing portion {{4 surround-
ing an elongated central refractory insulating
body portion having an inwardly projecting ta-
pered shank {09 extending through the strut 9i
to the throat of the burner tube, and an out-
wardly extending ribbed insulating portion 1063
carrying a terminal 12{. A small filament or coil
123 of high melting point wire such as platinum,
supported upon the inner end of the body portion
of the plug is electrically connected through a
central conductor bar 124, terminal 121 and a
conductor wire 132 to a suitable source of low
tension electric current hereinafter more specifi-
cally described in connection with Figure 20. The
refractory body portion of the glow plug may be
composed of Carborundum, mica or the like in- -
sulating materials.

The described combustion chamber portion of
the power plant is adapted to burn fuel efficiently
over an unusually wide mixture range, in a very
small space employing to the utmost degree the
advantages of surface combustion. Here the fuel
is uniformly dispersed prior to leaving the noz-
zles and the gases of combustion formed in the
burner tubes are properly mixed with the excess
air. The high temperatures are localized at the
Carborundum surfaces within the burner tubes
which are adapted to withstand heat whereas the
outer casing and fuel spray nozzles, which are ex-
posed only to the air stream, remain compara-
tively cool.
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The gas turbine G which is contained within
& cylindrical housing {3 comprises a tapered
rotor {13 having the approximate shape of & por-
tion of an extremely prolate spheroid and being
coaxially positioned within the power plant with
the end of minimum diameter facing rearwardly
in the direction of flow of the propellant gases.
The sald rotor 115 is splined at 116 and bolted
at 117 to the rear end of a hollow, tapered shaft
118 which is in turn rotatably supported concen-

trically within the power unit upon a pair of -

- shaft bearings comprising a forward bearing (20
and a rear bearing (19. The rear turbine rotor
shaft bearing 119 is supported by means of a
hollow truncated cone shaped cantilever member
124 which is attached at its forward end of
largest diameter to the transverse bulkhead web
80 which separates the final stage compressor
housing from the combustion zone and gas tur-
bine housing.

‘The gas turbine rotor is provided with a plu-
rality of rows of impeller blades or buckets as
shown at 125 in Figures 8, 15 and 26, which may
be constructed from heat resistant, high strength
alloy such as nickel-chromium-iron. The said
turbine rotor blades 125 are adapted to be inserted
from the inside and to make a light press fit

through suitably shaped openings 126 broached in.

the rotor shell 115, and during operation to be
held firmly in place against shoulders 127 by cen-
$rifugal force. Internal, circular snap rings 128
adapted to lie in suitable grooves 129 formed
along the inside ends of the blade root shoulders
serve to hold the blade shoulders firmly in seated
position in the rotor at all times.

The plurality of gas turbine stator blades as
shown at 130 and which extend radially inward
intermediate the before described rows of im-
peller blades are attached by welding at their
outer root ends to the interior surface of the cy-
lindrically shaped turbine housing 143.

At the apex of the turbine rotor, a conical cap
member {35 encloses a space 131 into which fuel
may be injected under pressure by way of a bore
{36 within the hollow turbine shaft 118. The
said conical cap is provided with a plurality of
divergingly directed orifices 137 equispaced in its
periphery and adjacent its end of greatest diam-
eter where it meets and makes oiltight connection
at 138 with the rotor body {15. Injection of sup-
plementary fuel at this point greatly inereases
the thrust of the power plant by efficiently dis-
tributing added fuel to burn the excess air leav-
ing the gas turbine wheel and about to enter the
main propulsive nozzle. My co-pending applica-
tion Serial No. 578,302, filed February 16, 1945,
which issued as Patent No. 2,479,777, Aug. 23,
1949, is directed in part to the injection of fuel
from the apex portion of the turbine rotor.

The thrust output of the power plant is en-
hanced by operation with relatively high tem-
perature gases entering the gas turbine. The
limitation of temperature has a structural basis.
The gas turbine can operate in a higher tempera-~
ture range than that of conventional turbines
because of the structural provisions and cooling
arrangements provided.

A truncated cone shaped bafile 143 is provided
as a rearward extension of the inner shroud 86
of the before mentioned combustion chamber Z.
The tapering annular-like space 144 thus formed
between the conical shaped outer turbine bearing
support 124 and the said inner combustion cham-
ber shroud 86 and the bafle 143 serves to conduct
cooling air under suitable pressure from the an-
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nular forward end of the combustion chamber at
148 to the inner apex of the turbine rotor adja-

- cent the bearing 119 and thence counter-current
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to the propellant gases in the turbine as shown
by arrow 146 back along the inner surface of
the turbine rotor 118 and in contact with the
inner ends of the rotor blade roots 127 to the
openings in an annular cooling air nozzle' ring
147 which is immediately inside of and concentric
with the gas turbine nozzle ring 80, A plurality
of drilled ducts as shown at 142 are provided for
conducting a portion of the cooling air from
the inside of the rotor to the annular cooling
cavity 139 formed between the taper {40 adjacent
the end of the turbine rotor shaft and an adjacent
relieved concavity 141 in the turbine rotor. A
plurality of exhaust nozzles 148 are provided for
exhausting cooling air from the cavity 139 into
the secondary combustion chamber S and are in
the form of drilled cap screws which pass through
suitable holes in the cap 135 and make threaded
connection into nipples 150 which are welded at
i51 to the turbine rotor body. The said nozzles
thus also serve to retain the cap 135 in ofl-
tight position on the apex end of the turbine.
The turbine cooling system forms the subject of
my copending application, Serial No. 573,562, filed
January 19, 1945,

Immediately to the rear of the gas turbine and
attached at 155 to the gas turbine housing, is the
secondary combustion chamber S and nozzle sec~
tion N which comprises an approximately Venturi
shaped housing {56 carrying a refractory lining
157 which may be Carborundum or the like ma-
terial, as best shown in Figure 24. The secondary
combustion chamber is shaped to utilize the
kinetic energy of the residual gas velocity from
the turbine wheel so that it is additive to the
kinetic energy of the propulsive jet.

An annular bafile 180 having a streamlined sec-
tion similar to that of an airfoil is concentrically
supported adjacent the gas turbine exhaust with-
in the entrance to the secondary combustion
chambers and diametrically opposite the second-
ary fuel orifices 137 in the rotor cap 135 by means
of a plurality of radially directed interconnecting
streamlined struts 161. This bafile is preferably
constructed with a leading edge portion 162 of
heat resistant metal such as a nickel-chromium-
iron alloy and s body and trailing edge portion
163 of Carborundum or the like refractory ma-
terial.

The nozzle portion N is provided with an inner
longitudinally movable annular throat member
165 supported upon a plurality of parallel], axially
positioned rods 166 which extend through and
make & sliding fit in suitable holes in the nozzle
lining and are fixed at the inner ends to z2n an-
nular shaped servo piston 167 located within an
annular shaped servo cylinder {68 in the nozzle
body as best shown in Figure 24. The piston 167
and annular throat member 165 are urged rear-
wardly by means of a number of coil springs (69
acting under compression against the forward or
rod side of the said annular piston. ‘

The said parallel axially positioned rods 188
upon which the annular throat member 185 is
movably supported, are provided with coaxial
bores as shown at 110 which extend through the
servo piston 167 and thus provide pressure equal-
izing passages through which gases from the
chamber S can enter the working end of the cylin-
der 168. The rod end of the said annular cylin-
der 168 is provided with a plurality of atmos-
pheric vent ducts as shown at I7f. 'The head
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end of the cylinder 188 is provided with a bleed
duct 172 connected through tubing 113 with a
bleed control valve body {74 which may be lo-
cated at any convenient place within the air-
plane structure. The said bleed control valve
174 comprises a stem T8 having a needle point

1716 adapted, when closed, to rest upon’ a beveled’

valve seat 111. The valve bleed is vented to at-
mosphere at 118, The said needle valve stem
115 is operatively connected through suitable
linkage comprising lever (719, rod 180 and bell
crank 181 to a fly-ball speed governor {49 which
may be driven from one of the gas turbine ac-
cessory drive shafts such as indicated at 589
whereby an increase or decrease of turbine speed
will act through the said governor (49, to respec-
tively increase or reduce the needle valve open-
ing. The lever 1719 is pivotally supported at 152
upon a threaded shaft 153 by means of which

the speed setting of the governor with respect to

the needle valve action can be adjusted through
a shaft extension 154 by means of a wheel 158
which may be conveniently located in the flight
compartraent. ' »

The movable annular throat member 165 is so

shaped that its axial displacement resulting from

the speed responsive pressure variation in cylin-
der 168 as influenced by the action of the needle
valve bleed 174 as controlled by the governor 149
results in an effective change of nozzle area, at
the same time maintaining streamline and high
nozzle efficiency. The above described nozzle
means forms the subject matter of my co-pending
application Serial No. 734,649, filed March 14,
1947, now abandoned.

Adjacent the trailing edge portion of the inner
divergent portion of the nozzle N is an external,
concentrically positioned annular jet augmenter
member 182 having inner walls convergent at
i83 and divergent at 184 matching in contour
that of the fixed divergent inner portion of the
said nozzle N. The said augmenter member {82
is adapted to be supported by suitable means from
the body of the power unit or from the airplane
fuselage or wing in which it may be installed as
illustrated in Figures 1, 2, 4 and 6 and as herein-
after more fully described. Under certain flight
conditions the augmenter increases thrust as
much as 25 percent. '

Power is adapted to be ftransmitted from the
gas turbine to the radial and axial blowers and
to the various auxiliary drive shafts throughout
the unit through suitable gear {ransmissions
which comprise the following apparatus:

Referring primarily to Pigures 8, 11 and 25,
the forward end of the hollow gas turbine shaft
118 carries fixed at a point just forward of the
bearing 120, a bevel gear {85 which meshes with
8 plurality of bevel pinions as shown at 186, each

splined to the inner end of a radially positioned

auxiliary drive shaft as shown at 187 in Figure 25
and at 187 and 589 in Figure 20. The said auxil-
iary pinion drive shafts are each rotatably sup-
ported upon a pair of suitable bearings as shown
at 188 and 189 and a number of such shafts as
required are arranged to pass radially through
the forward portion of the combustion chamber
through tubular housings 198 and out of the com-
bustion chamber housing -through stuffing boxes
as indicated at 181.-

Fixed to the rear end of the radial blower shaft:
16 and adjacent the bearing 78 is a bevel gear 82
which also meshes with the. before mentioned
bevel pinions (86. Shafts 16 and (18 are thus
adapted to counter-rotation with respect to one

_ another, 'thrbugh the action of the tfansmis-
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sion comprising bevel gears (85 and 82 and bevel
pinions 186. )
A pipe 510 for supplementary fuel, enters the

. combustion zone housing as shown at 504 in Fig-

ure 20 and extends radially through a tubular
housing 571 not occupied by an auxiliary drive
shaft to a centrally positioned angle fitting 572
adjacent the forward end of the gas turbine shaft
118. A tube 513 extends from the said angle fit-
ting 572 through a packing gland 574 and into the
central bore 136 of the said shaft. An oil line

© 515 similarly makes connection at 515 with the
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central bore of the ccntrifugal compressor shaft
16 by way of which lubricating oil may be intro-
duced under pressure through the rear, axial
blower shaft 32 and into the fluid coupling by
way of opening 197 in the housing as best shown
in Figure 11.

Referring now primarily to Figure 11 which
shows, in enlarged detail, the type of axial blower
transmission employed in the unit of Figure 8,
the centrifugal compressor shaft 76, as before
statcd, is rotatably journaled at the fore and aft
ends in bearings T1 and 18 respectively. The
shaft 16 makes connection just forward of the
bearing 717 through a conical flange 193 with a
planetary drive spider 194 which carries therein
six parallel shafts upon which are rotatably
mounted six planetary pinions as shown at 19%.
A further extension 196 of the shaft 16 forward
of the planetary drive spider 194 enters the fluid
coupling housing 30—31 and carries fixed on the
end thereof the fluid coupling impeller 199. The
just mentioned forward shaft extension (96
makes g rotatable fit over the rear axial blower
shaft 32 at 200. A laterally directed drilled hole
197 is provided interconnecting  the fluid cou-
pling housing with the bore 198 of the rear axial
blower shaft 32 through which oil may be intro-
duced under suitable pressure into the said cou-
pling. Annular clearance 2{1 between the out-
side of shaft 32 and the coupling housing en- -
trance is provided for continuous escape-of oil
from the coupling unit.

The before mentioned planetary pinions 195
mesh with an inner sun-gear 201 which is keyed
to the axial blower spindle 32 at 202 and they also

-mesh with an outer planetary ring gear- 203 -

formed on‘the inside diameter of the bevel acces-
sory drive gear 204. The ring like unit comprising
the bevel gear 204 and the planetary ring gear 203
are rotatably supported upon the outside shoul-
ders of the planetary spider 194 by means of a pair

-of suitable ball bearings 205 and 206. 'The bevel

gear 204 meshes with a plurality of bevel pinions
as shown at 207 which are carried on radially
positioned outwardly extending accessory drive
shafts as shown at 208 which are rotatably sup-
ported in suitable bearings 209 carried in the
transmission housing 2i10. The said outwardly
extending accessory drive shafts make external
connection with auxiliary variable speed appara-
tus as more fully described in connection with
the auxiliary apparatus and controls of Figure 20.
An oil scavenging line for withdrawal of oil dis-
charged from the fluid coupling enters the bot-
tom of the transmission housing at the lowest
point as shown at 585.

In Figure 9 a radial, multi-cylinder type of
final stage compressor is illustrated which may
be optionally substituted in the unit of Figure 8
in place of the before described radial blower.
This compressor has similar characteristics to the
previously described tandem arranged centrifugal
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. compressor with liquid intercoolers inasmuch as
it is adapted for a high compression ratio in a
small space and at high efficiency of air which
is already comparatively dense. In installations
where liquid type intercooling is more difficult to
preferred. However, in general, the centrifugal
compressor with integral liquid fed intercoolers
will offer the advantage of simplicity and use of
only rotating parts.

The multi-cylinder compressor is provided with
a double row arrangement ¢f a plurality of radi-
ally disposed cylinders as shown at R1 and Rz of
Figure 9, one of such cylinders being shown in
the enlarged longitudinal cross-sectional view of
Pigure 13 and two opposite cylinders, 212 and 213
of the two adjacent rows R1 and Rz being shown
in cross-section in the longitudinal cross-sec-
tional view of Figure 9. The pistons, as shown
at 214 and 215 are carried on the outer ends of
hollow piston rods, as best shown at 216 in Fig-
ure 13, which pass through suitable stuffing boxes
as shown at 217 in the inner heads 219 of the
cylinders. The said pistons are thus adapted to
be double acting, each performing two compres-
sion strokes per piston cycle and operate at about
5,000 R. P. M. in a representative case.
~ The inner ends of the piston rods terminate in
cross-heads, as shown at 220, which are adapted
to reciprocate within suitable radially positioned
cross-head guides 221 carried within the body of
the compressor crankease. ‘The connecting rods
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222 make pivotal connection with the cross-head -

wrist pins at their outer ends, and with pin bear-
ings at their inner ends in a suitable floating link
collar 225. Due to the symmetrical arrangement
of the cylinders and the use of double acting cyl-
inders, racking forces on the collar 225 are small,
particularly at high speed, hence the. collar may
be permitied to float on the crank pin.

In some cases a positive mechanism, not shown,
may be provided to insure uniform motion of the
collar, as for example abutments on the link rods,
which contact the collar at a period of maximum
rod angularity. The crankshaft 230 is provided
with suitable counter-balances as shown at 231
and is carried on two crankshaft main roller
bearings 233 and 234 which are supported within
the crankcase on suitable webs as shown at 235
and -236 in Figure 9. Fixed to the crankshaft
intermediate its main bearings 233 and 234 is a
crankshaft drive gear 237 which is driven by
means of four lay shaft pinions, one of which is
shown at 238.

The cylinder heads for both ends of the com-
pressor cylinders are provided with passage ways
or ducts as shown at 240-—241( in Figures 9 and 13,
leading from the discharge valve ports as best
shown at 242 to 245 in Figure 13, to the com-
pressed air outlet manifolding as shown at 246
and 247 in Figure 9. The discharge ports may be
provided with any suitable type of valve such
as the well-known automatic spring feather
valves commohly used in air compressors.

The inlet valves to the compressor cylinder are
preferably of the sleeve type as shown in Figure
13 to insure large induction area without increas-
ing clearance volume. The sleeves 250 which
are adapted to move over the inlet ports 251 and
252 provided around the periphery of the cylin-
ders adjacent the cylinder heads, extends the full
lsngth of the cylinders and is adapted to be actu-
ated and reciprocated by a valve gear of the
Argyle type as shown at 253. One Argyle valve
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gear positioned between each palir of cylinders in
adjacent rows serve to actuate  the two valve

sleeves. The- Argyle valve gears of all of the

cylinders are driven by means of & common ring
gear 254 of a large diameter surrounding the
crank case between the cylinder rows, and the
said ring gear is in furn driven from a pair of
the before mentioned central lay shaft pinions,
one of which is shown at 238, and through a pair.
of gears 248 and 249 of suitable gear ratio and
rotatably. mounted upon a common spindle 228
journgled upon a pair of suitable bearings 2s
shown at 227 and 228.

The inlet ports 251 and 252 of the compressor
eylinders open directly into the enclosed space
257 formed around the cylinders by the shroud
258. Inlet spigots 255 and 256 are provided en-
tering the shroud 258 for feeding first stage com-
pressed air from the external intercoolers to the
shroud enclosure and thence to the inlet ports
of the cylinders for the final stage of compres-
sion. Such a compressor may provide a ratio of
compression of 9 to 1, for example.

When the piston type of final compression, as
just hereinbefore described is employed, the for-
ward end of the gas turbine shaft |(8 counter-
drives a stub shaft 260 which carries a driving
gear 261 which in turn meshes with four rear
lay shaft drive pinions, one of which is shown at
262 in Figure 9. FEach of the lay shaft drive
pinions is in turn carried on four lay shafts one
of which is shown at 263. The lay shafts pass
through the compressor crankcase and are each
rotatably supported upon four sets of bearings
as best shown at 267, 268, 269 and 2718 in Figure
8. - The central lay shaft pinions mesh with the
compressor crankshaft drive gear hereinbefore
mentioned.

The forward four lay shaft pinions, one of
which is shown at 271, mesh with the axial blower
transmission drive gear 215 which is fixed to
the planetary drive spider 278 and rotatably sup~
ported at 190 upon the axial compressor spindle
32 by means of a hollow concentrically positioned
shaft 216. The said hollow shaft 2716 passes for-
ward thrcugh an opening 277 in the rear hous-
ing 3! of the fluid coupling unit F and carries
therein the fluid coupling impeller {99 before
mentioned and shown in connection with the
mechanism of Figure 11.

The planetary drive spider 218 carries a plu-
rality of parallel, axially positioned shafts upon
which the planetary gear pinions {95 are rotat-
ably mounted. The said planetary pinions (95
mesh with the planetary ring gear 203 on the
cutside and a sun-gear 20f on the inside. The
planetary ring gear 203 is rotatably mounted
upon the outside shoulders of the planetary
spider 218 by means of a pair of btall bearings
205 and 206 and the sun-gear 20f is splined at
202 fto the before mentioned axial blower spindle
32. The ring gear 203 carries fixed thereto a
bevel gear 204 which meshes with the plurality
of bevel pinions 207 which are rotatably support-
ed upon radially directed shafts as shown at 208,
in suitable bearings as shown at 209. The shafts
extending radially from these bevel pinions serve
to drive various accessories as hereinbefore de-
scribed in connection with Pigure 11.

With this: arrangement of the transmission,
lubricating oil is introduced under pressure into
the fluid coupling through a pipe 580 which
enters the housing at 581, and thence through an
angle fitting 582 and through a tube 583 extend-
ing through a packing gland 584 into the bore
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188 of the hollow axial blower shaft 32 and thence
through the lateral passage 187 into the fluid cou-
pling housing 380—31.

The halance of the axial blower transmission
is identical with that employed in connection
with the radial blower and hereinbefore described
in connection with Figure 11.

Referring now principally to Figures 1 to 3
in which a typical installation is shown,

 RCiC2ZGSN

- indicate the relative positions of the various
components of the power unit as located within
the fuselage substantially coaxial with the thrust
line of the airplane. The power plant is pref-
erably isolated from the airplane structure
by hoses or rubber pads or other resilient
means to prevent transmission. of high fre-
quency sound (whine) to the aireraft struc-
ture. The isolation is not needed, however,
for balance reasons because all the elements of
the power plant may be in essentially perfect
dynamic balance.. The leading end spigot 12 of
the axial blower Ci makes semi-flexible connec-
tion at 14 as by a short reinforced neoprene hose

for example, to a tubular extension conduit 16

which in turn makes semi-flexible connection at
i4’ to the rear end of the conical ram (5. The
forward end opening of the ram 15 extends
through the foremost end of the fuselage as
shown at 300.

The nozzle S of the unit is positioned to dis-
charge rearwardly through a Venturi shaped jet
augmenter member 182 having a forwardly con-
vergent portion (83 and a rearwardly divergent
portion 184 faired into and forming the lower
rearward portion of the.fuselage. An air duct
301 of semi-annular extent and opening inward-
ly through the fuselage skin forms the forward
lower exposed edge of the forward portion 83
of the augmenter member 182. The balance of
the forward portion of the augmenter member
182 also communicates through an annular duct
302 with the confined space around the power
unit defined by a shroud 303 which in turn makes
lateral connections with the inner lateral pas-
sages 304 within the wings which lead through
the plurality of fans as shown at 305—3068 from
the boundary layer removal slots 309312 which
open through the top skin of the wing,

The axial blower outlet spigots 40 and 41 each
make connection through suitable conduits as
shown at 42 and 43 to wing skin intercoolers 44
and 45 which are positioned spanwise in the
wings. Each skin intercooler comprises an air-
tight outflow and a return flow portion 46 gnd
47 interconnected at 314 and preferably founded

palr of propellers 318 and 317 are rotatably
mounted upon hollow hubs 318 and 318 and

. adapted to counter-rotation through suitable
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gearing by means of a pair of parallel shafts 320 .
and 321 which extend forward along the sides
of the power unit. These parallel shafts are
driven through bevel gears as shown at 322 and
323 in Figures 1 and 3, from laterally extending
auxiliary shaffs such as those shown at 208 and
388, which enter the axial blower transmission
as hereinbefore described in connection with Fig-
ures 11 and 12. The forward ends of the shafts
320 and 32/ terminate in straddle types of pin-
ions as shown at 625, 626 and 627 supported by
bearings shown at 628 and 629. The centrally
positioned pinion 627 meshes with a ring gear 630
which serves to drive the rearmost propeller hub
319, and the outer pinions 625 and 626 mesh with
a divided ring gear 631 which serves to drive the
forward propeller hub 318 in a direction counter
to that of hub 3i9. 'The foremost hub 3{8 and
divided gear 631 are rotatably carried upon suit-
able ball bearings 632 and 633 and the rearmost
propeller hub is rotatably carried on a pair of
suitable ball bearings as shown at 638 and 635.
Recesses 620 and 621 are provided in the nose of
the fuselage to receive the propeller blades when
they are folded and inoperative. These propeller

' shafts, and also the shafts used for driving land-
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in part by a portion of the upper and lower wing -

skins respectively and adapted thereby to permit
heat exchange directly through those portions
of the wing skin to the relative air stream flowing
in contact with the outside surface thereof. The
pressure of the air discharged from the axial
blower is sufficiently low to permit it to be con-
fined in this manner directly in suitable por-
tions of the wing structure, as for example, in
corrugations directly underlying the skin. Thus
the air can be intercolled to a temperature close
to that of the wing-air boundary layer. The said
return portions 41 of the wing intercoolers make
connection through ducts 315 and 315’ with the
inlet spigots 55 and 56 of the second stage com-
pressor Cz.

As shown in Figures 1 to 3, at the forward end
of the fuselage and surrounding the ram 5 a
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ing wheels or boundary layer removal fans, are
adapted to operate at high speeds, and thus may
be very small in diameter and light in weight.
For example, these shafts may be approximately
342’ in diameter and operated at speeds of ap-
proximately 40,000 R. P. M. It has been found
that such shafts can be used without difficulty
from torsional vibration due to the smooth drive
from the gas turbine.

The series of boundary layer removal fans
305—308 contained in suitable housings provided
in each wing are rotatably carried on laterally
extending lay shafts 325 and 326 which are driven
from obliquely extending auxiliary drive shafts
321 and 328 through suitable bevel gears 324 and
329, as shown in Figure 3.

A lateral auxiliary drive shaft 330 extending
vertically from the lower side of the unit is cou-
pled through bevel gears 331 and 332 to a pair
of oppositely extending shafts 333—334 which,
acting through bevel gears at 335 and 336 and
suitable cluiching mechanism-hereinafter more
fully described in connection with Figure 22,
serve to transmit rotative power from the power
unit transmission to the main landing gear wheels
337 for assisting in take-off and ground maneu-
vers.

In Figure 22 an enlarged detail view of the
power driven, retractable landing gear of Figures
1 to 3 is shown. The shock absorbing strut cyl-
inder 338 is pivotally connected at the top to
internal structure 339 of the wing by means of
a pair of trunnions 340 and 341. The landing
gear wheel 331 is rotatably mounted upon an axle
342 which is supported horizontally beneath the
shock absorbing strut by means of a yoke 343.
A wheel drive ring 344 provided with internal
teeth, forms an integral part of the wheel hub
345 and is adapted to mesh with a drive pinion
346. The said drive pinion 346 is fixed upon the
outer end of a horizontal pinion stub shaft 347
which is rotatably journaled in a pair of bear-
ings 348 and 349 on either side of the gear box
opening 350 formed in the enlarged portion 35
of the yoke 343. Splined to the central portion

76 of the pinion shaft 341 and. within the gear qu.
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380 i3 o helical gear 352. The helical gear 352
meshes with a helical pinion 353 carried upon a
drive shaft 354 which extends parallel with the
axis of the landing gear strut through a housing
355 on the outer face of the yoke and into the
- gear box 350. The lower end of the said shaft
354 is supported in a bearing 356 at the bottom of
the gear box.

The upper portion of the shaft 354 makes =
longitudinally slidable splined connection with
the tubular shaft 357 which is rotatably supported
froma the cylinder 338 by means of a pair of
bracketed bearings 358 and 359. Rotation is im-
parted from the before mentioned aceessory shaft
333 to the landing gear.strut shaft 357 through a
cone clutch 368 and a movable clutching member
368 splined to a stub shaft 360 and bevel gears 335
and 336. The movable clutching member. 366
carries a double acting piston 382 adapted to be
reciprocated in a cylinder 363. Upon applying
differential filuid pressure upon the piston 362
through pipes 364 and 385 the cone 366 may be
moved into frictional engagement with either the
stationary braking surface 367 or the driving sur-
face of the cluteh 368 carried on the end of the
hefore mentioned accessory shaft 333, . It will be
apparent that to the described mechanical fric-
tion components there exist hydraulic or electro-
magnetic equivalents, such as hydraulic couplings
which may be employed in essentizlly the same
manner, thereby falling within the scope of the
inventive idea.

In Figure 23 an optional form of landing gear
arrangement is shown more particularly suited to
installation in a multi-motored aircraft of the
type illustrated in Pigures 4 to 7. Here the fiuid
actuated clutching and braking mechanism may
be identical to that shown and described in con-
nection with Figure 22 and may be driven through
suitable gears associated with the auxiliary
shafts 667, 618 and 618, 620 extending into the
wings from the axial blower transmission of the
unit as best shown in Figure 7. The driving
power is thus transmitted through the laterally
extending auxiliary shaft to a helical pinion 606
through a vertical shaft 604 having a pair of uni-
versal joints 602 and 603 to allow the gear to be
retracted within the wing or suitable nacelle.
The said helical pinion 600 meshes with a helical
gear 604 which is fixed to the intermediate por-
tion of a horizontal stub drive shaft 665. A pair
of pinions 603 and 607 fixed on the ends of said
shaft 605 serve to drive the ring gears 608 and 609
forming parts of the hubs 610 and 611 of the twin
wheels 62 and 613. The axles for the twin
wheels form a continuous truck member 614
which is laterally pivotally connected at 615 to the
lower end of the shock ahsorbing strut 616 in such
manner as to thereby equalize the loading on the
wheels by allowing the wheels to follow irregu-
larities in ground surface.

Referring now principally to Figures 4, 5 and 6,
an illustration of a typical installation of the
power unit within an airplane wing is shown.
The leading and trailing edges of the wing are
shown at 369 and 370 respectively, and the upper
and lower cambered skin surfaces thereof at 37
and 372. The power unit RCi1C:ZGSN is shown
submerged within the wing with its axis approxi-
mately on the chord line and perpendicular to the
span of the wing. The forward end portion of
the ram R emerges from the leading edge of the
wing at 373 and 374 and the trailing portion of
the nozzle augmenter 182 emerges from the upper

10

15

20

25

40

50

55

60

85

70

76

. 18
and lower trailing edge portion of the wing skin at
315 and 376. )

In the upper skin of the wing; boundary layer
control slots may be provided as shown at 377 and
319 and both upper and lower surfaces with aug-
menter air duct slots as shown at 380 and 381 and
more fully described hereinafter.

The outlet spigots 40 and 41 of the axial blower
C1 make connection through suitable curved
ducts 42 and 43 to the outward flow passages
45—46 of the spanwise arranged wing skin inter-
coolers 44 and 45. The return passes 47—47 of
the wing skin intercoolers 44—45 make connec-
tion through suitable curved ducts 315—315 to the
inlet spigots 55 and 56 of the radial blower com-
pressor Ca,

The two auxiliary shafts 208 and 388 laterally
projecting from the axial blower transmission as
shown in Figures 4 and 7, extend spanwise
through the wing and make geared connections at
389, 399 and 39t with a plurality of longitudinally
positioned shaffs as shown at 392, 393 and 394
which are adapted to drive boundary layer re-
moval fans 395, 396 and 397.

Each of the boundary layer removal fans
395-—397 communicates on the suction side with
the before mentioned boundary layer removal
slots 377 and 319 through suitable passages within
the wing defined by the upper and lower wing
skins and intermediately positioned walls as
shown at 399 and 400. The exhaust ends of the
fans communicate through similarly formed con-
duits as shown at 401 and 402 with a spanwise ex-
tending passageway 403. The said spanwise
passage within the wing into which the boundary
layer fans exhaust communicates with the aug-
menter at the nozzle N through a substantially
annular passage formed between the gas turbine
and secondary combustion chamber housings G
and S and the surrounding conically shaped
bafile walls, the upper and lower sections of which
are shown at 405 and 406 in Figure 6 and the side
wall sections of which are shown at 407 and 408 in
Figure 4.

The lateral air passage 403 may also communi-
cate with a plurality of boundary layer control
discharge slots opening through the upper skin
of the wing as shown at 410—412. Walls 414
and 415 make an airtight seal around the for-
ward part of the axial blower portion of the
power unit whereby substantially the entire
length of the unit can be contacted and cooled
by air circulated by the boundary layer fans.
Compared to suction slots, discharge slots in-
crease the kinetic energy of the boundary layer
rather than swallowing the stalled boundary
layer. Both types of slots reduce the momentum
of wing wake, thereby improving aerodynamic
efficiency of the airplane. 'The boundary layer
removal and control means and system form the
subject of my copending application, Serial No.
572,924, filed January 15, 1945, which issued as
Patent No. 2,514,513 July 11, 1950.

Referring now to Figure 20, a flow diagram
illustrating the arrangement of suitable piping,
manual and automatic controls, and suxiliary
apparatus which may -be associated with the
power unit for its installation in an airplane, is
shown. For convenience, the installation of the
power unit of the preferred type illustrated in
Figure 8 will be first considered in relation to
the typical installation thereof in an airplane in
the manner of Figures 4 to 7.

The power unit hereinbefore described and as
shown at RCiC2:ZGS8N is provided with a pair of
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horizontally and oppositely directed auxiliary

shafts 208 and 388 and obliquely extending aux-
iliary shaft 617 and 649 extending from the axial
blower transmission. ‘These auxiliary shafts
make driving connection through suitable gearing
a3 shown at 389, 390 and 391 in Figures 4 and 5
and one of which is as illustrated at 389 in
Figure 20, with the plurality of the before men-
tioned longitudinally positioned drive shafts 392
to 394 of the boundary layer removal fans 395 to
391. The auxiliary shaft 208 makes driving con-
nection with one or more centrifugal coolant cir-
culating pumps as shown at 420, The suction of
said coolant pump 420 connects through suitable
piping 421 with the outlet connection of a cooler
422 not shown in the figures but which may be
located in any suitable position within the fuse-
lage or wing and preferably adapted to effect heat
exchange from the coolant to the air stream
through the fuselage or wing skin. The dis-
charge from the coolant eirculation pump con-
nects through pipe #23 with the inlet of the sur-
face intercooler 54 in the centrifugal blower
housing. The coolant outlet 424 of the said sur-
face intercooler is connected to the inlet of the
cooler 422 through pipe 425. Ethylene glycol or
the like fluild may be employed as the circulated
coolant material.

The pressure of the air in the second stage
compression portion of the power plant is so high
that it can not be readily transmitted directly to
the airplane structure without weight penalty.
Furthermore, the loss of high pressure air would
be considerable through any small leaks which
might occur. For these reasons and also to avoid
air ducting pressure losses, the liquid type inter-
cooler is advantageous for the high pressure air
region of the power plant. In some installations
for military purposes the liquid type intercooler
may be used also at the discharge of the axial
blower, From a tactical standpoint the liquid
intercooler is particularly desirable because if it

_is punctured by gun fire only the intercooling is
rendered ineffective, and no air is lost. Hence
the power plant can continue to function at
somewhat reduced efficiency.

The boundary layer removal fans as shown at
895 are provided with blades 421, the pitch of
which are adapted to be varied over a wide range
by means of suitable gearing contained in the
fan hub 428 and which may be arranged as dis-
closed in TUnited States Letters Patent No.
2,204,350. Accordingly, said fan blade bpitch
varying mechanism in each hub is adapted to be
actuated by means of push-pull rods which enter
the front point of the hub 428 coaxially as best
shown at 429 in Figure 20. Inward and outward
motion of the rod 429 moves the fan blades to
positions of smaller or greater angles of incidence
relative to the air upon which said blades act
when in rotation. A bell crank 430 pivotally sup-
ported within the airplane wing at 431 serves to
reciprocably link said push-pull control rod 429
with rod 432 which is in turn pivotally connected
at 433 with the outer end of a lever 434. The
central pivot 435 of the said lever 434 is pivot-
ally carried at the lower end of a rod 436 which
extends out through a stuffing box in the wall
of a closed chamber 438. The said rod 436 makes
connection at its inner end with the free end
of a closed Sylphon bellows 439. The opposite,
or relatively fixed end of the said Sylphon bellows
439 is carried on the lower end of a threaded
adjustable rod 440 which extends upward and
out through a stuffing box in the upper wall of
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the chamber 438. The top of the rod 440 is
rotatably connected through suitable gearing 442
to a manual adjusting means 443 which may be
located in the flight compartment of the airplane.

The end of lever 434 opposite to pivot connec-
tion 433 makes rotatable connection by means of
a suitable ball and socket joint 445 to the outer
end of a needle valve stem 446 of a needle valve
441 adapted to be closed upon extended down-
ward movement of said stem. "Pipes 448 and 449
make connection with the inlet and outlet con-
nections respectively of said valve.

A spring 450 normally acting under compres-
sion, extends between the upper end of the needle
valve stem joint 445 and a fixed portion 451 of
the bellows chamber 438.

The interior of the bellows chamber 438 is con-
nected by tubing 452 to one or both of the axial
blower outlet scrolls as shown at 453 whereby the
Sylphon bellows 439 is subjected on the exterior
thereof to air pressure corresponding to that of
the said axial blower discharge.

The central pivotal portion 435 of the lever
434 is elastically coupled by means of a coil spring
455 to one end of a horizontal lever 456 which
makes pivotal connection at the opposite end 457
with the outer end of a primary fuel valve piston
rod. 468. A coil spring 461 serves as an elastie
linkage between an intermediate point 462 of the
lever 456 and a control lever 463 which may be
located in the flight compartment in such posi-
tion as to be conveniently manually operated by
the pilot or flight engineer in a manner similar
to the conventional engine throttle. In case the
pilot or flight engineer’s control station is remote
from the power plant control accessories, the
throttle control lever 463 may be actuated from
such remote station through suitable linkages or
cable controls, not shown.

The above mentioned throttle control lever 483
is pivotally supported at 465 upon a suitable mem-
ber of the airplane structure.

At a point 466 on the control lever 463 inter-
mediate the attachment point of the before men-
tioned spring 461 and the lever pivot 465, a second
coil spring 467 normally acting under compres-
sion makes an elastic linkage to the outer end of a
secondary fuel valve piston rod 468, An ex-
tended portion 469 of the control lever 463 is
adapted upon rotative movement of the control
lever 463 along the sector 470 in the direction of
the arrow 471 to first actuate the ignition and fuel
pump switch 4712 and then the starter switch
413 in succession.

The before mentioned primary and secondary
fuel valve piston rods 460 and 468 enter through
stuffing boxes 4715 and 476 into the fuel valve
housing 471, and are reciprocably supported and
guided therein by an intermediate divisional wall
419 through which they slidably pass in a liquid
and gas-tight fit. The inner ends of the piston
rods 460 and 468 terminate in needle points 484
and 482 which are adapted, in the closed posi-
tions, to seat upon corresponding beveled outlet
valve seats 483 and 484 from which outflowing
fuel pipes 48% and 486 extend.

The said piston rods 460 and 468 carry a pair
of pistons 487 and 488 fixed thereto at an inter-
mediate point which make fluidtight sliding fit
in a pair of cylinder bores 489 and 490 formed
within the lower half of the valve housing 411
and interconnected at both ends by ducts 481 and
492, Air pressure and vacuum connections lead-
ing to the upper and lower interconnected heads
of said cylinder bores by means of which a dif-
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ferential pressure can be established on the
pistons 487 and 488 are shown at 493 and 484
respectively. The sald pressure pipe connection
483 leads to the final stage air compressor dis-
charge at the inlet (45 to the combustion cham-
ber through an inlet nipple 495 through the com-
bustion chamber housing and the vacuum pipe
connection 494 makes connection through the
combustion chamber housing at 496 to the
Venturi section of one of the burner tubes as
‘shown at 497 in Figures 17 and 18.

Carried on the before mentioned piston rods
460 and 468 adjacent the needle points 481 and
482 are another pair of pistons 498 and 499 re-
spectively which make s loose sliding fit in cylin-
der bores 5008 and 501 formed in the upper half
of the valve housing 477 above the division wall
479. The lower head ends of the said cylinder
bores 500 and 501 are interconmnected by a duct

~as shown at 9502 and are connected externally
through a fuel supply pipe line 503 which leads
from a2 pressure fuel feed pump P which in turn
takes suction directly from the bottom of a fuel
storage tank T to avoid possibility of suction line
vapor lock. The upper head ends of the cylinder
bores 500 and 501 are provided with centrally
located outlet ports 483 and 484 which constitute
the before mentioned beveled needle valve seats
upon which the needle points 481 and 482 of the
upper ends of the piston rods rest when in the
closed position. The said outlet ports 483 make
connection through the fuel supply pipe line 485
to the primary fuel burner nozzle manifold 1{2
and the outlet port 484 makes connection through
the fuel supply line 486 to the combustion ¢ham-
ber housing at 504 and thence through the bore
i36 coaxially positioned within the gas turbine
shaft 118, to the supplementary fuel burner ori-
fices 1317.

A rheostat 506 having a common support with
the fuel valve housing is adapted to be operated
to vary the resistance thereof by means of a mov-
able contact arm 587 pivoted at 588 and adapted
to be actuated through a link 509 interconnecting
the lower end of valve rod 460 and crank 510.
The electrical circuit thus adapted to be varied
‘s completed by means of the before mentioned

. ignition and fuel pump snap switch 412 through
battery 511, conductor 512 and said resistance
506, through conductor 513 to the fuel pump
motor Mi and return by way of the ground con-
nections shown. The electrical power input to
the fuel pump drive is thus adapted to be varied
as a function of the throttle setting and the fuel
demand. At the same time a parallel circuit
through the ignition glow plugs is completed by
said switch 472 from battery 511 through con-
ductor 132 and return through the ground connec-
tions. The fuel metering and powerplant control
system herein described forms the subiect matter
of my co-pending application Serial No. 744,238,
filed April 26, 1947, and the system for starting
the powerplant forms the subiect matter of my
co-pending application Serial No. 615,167, filed
September 8, 1945, now abandoned.

The before mentioned oil line 448 connects
through pipe 585 to the outlet of a centrifugal oil
pump 587 which takes suction through pipe 588
from the oil scavenging outlet connection 585 in
the bottom of the axial blower transmission hous-
ing. The oil pump 587 is adapted to be driven
by an auxiliary drive shaft 589 which extends
laterally from the counter-rotatlon tra.nsmission
of Figure 25.

Also driven by auxiliary shaft 589 or another
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sultable one of the auxiliary shafts extending
from the counter-rotation transmission, is a cen-
trifugal air booster pump 590 which takes suc-
tion through line 581 from the discharge of the
final stage air compressor at its inlet to the com-
bustion chamber. The pump 590 discharges
through pipe 582 to the injection air manifold
{11 leading to the fuel spray nozzles in the burner
tubes as best shown in Figure 17. This insures
improved atomization of the fuel and removes
radiant heat from burner nozzle parts by con-
vection.

Referring now to Figure 21, an optional form
of boundary layer removal mechanism is dia-
grammatically llustrated which may, under cer-
tain clrcumstances, be desirable over that shown
in Figure 20. Here the auxiliary shafts 208—388
extending from the transmission makes direct
driving connection through suitable gearing with
rotors such as shown at 55, of a centrifugal
blower 516 suitably housed within the wing struc-
ture. A duct 517 connects a boundary layer re-
moval slot 518 in the upper wing skin with the
suction Inlet 519 of the blower. An outlet duct
520 connects the discharge of the blower with
a boundary layer control slot 521. A cylindrical
valve 522 eccentrically rotatable about center 523
serves to reduce the area of the opening of slot
521 and to close it upon counterclockwise rota-
tion to its extreme position and to open and in-
crease the slot area. upon clockwise rotation
thereof. Rotation of said cylindrical valve 522
is effected by a lever 524 associated therewith
and actuated through the link 432 by the pres-
sure actuated mechanism hereinbefore de-
scribed in connection with Figure 20.

The load characteristic of this system is such
that as the rotary valve is closed the torque of
the impeller becomes reduced, and a relatively
high pressure air jet is formed at the control
slot 521 to reenergize the boundary layer.

With further reference to Figure 20, 525 is a
compressed air storage flask of spherical shape
which is interconnected for charging, with the
discharge of the final stage air compressor
through nipple 495, pipe 527, check valves 528
and 529, and pipes 530 and 531 whereby air at
final stage prissure of approximately 250 1bs. per
square inch may be stored during operation of
the power unit. An air compressor A electrically
driven by a motor M: serves to compress air from
an atmospheric intake 532 to a pressure of ap-
proximately 300 lbs, per square inch and deliver
it through pipes 533 and 53/ to the air flask 525
for stand-by service or imitial starting purposes.
The motor M: is controlled by means of a pres-
sure actuated switching device 535 associatcd with
the air storage flask 525 which functions to close
the motor circuit to operate the air compressor
when thz alr pressure in said flask falls below
a predetermined value.

A high speed compressed air operated turbine
wheel 537 is mounted on the drive shaft 538 of
an electric generator E. The extension ‘539 of
the generator shaft is coupled through an over-'
running clutch 540 to the accessory drive shaft
181 which extends radially from the counter-
rotation differential transmission as desecribed
hereinberfore pumarﬂy in connectlon with Fxg-
ures 8 and 25.

The turbine wheel 537 receives’ compressed air
through two nozzles 541 and 542. ' The riozzle 541
is connected to the air storage flask 525 through
pipe 531, electric starter valve 543 which bypasses
the check valve 529, pipe 544, branch:pipe 545,
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and nozzle control valve 546. Opposite the noz-
zle 541 the air turbine exhausts to atmosphere
through s suitable exhaust pipe shown at 547.
The turbine nozzle 582 makes connection with
pipe 544 through a branch pipe 548 and a two-

way cock 588 which completes the connection

either directly through pipe 550 to the nozzle §42
or through pipe 551 intercooler 552 and return
pipe 553 to the said nozzle 542. The exhaust
555 from nozzle 542 may be connected through
the pipe 5§56 to the cabin enclosure of the air-
plane, a fragment of the skin of which is illus-
trated at 557 in Figure 20. The before men-
tioned two-way cock 549 is adapted to be oper-
ated to direct flow of air from pipe 544 either
through pipe 550 or 551 or to divide flow between
them in saccordance with the temperature of
outflowing air at 558. The said control of cock
549 is accomplished by means of a temperature
sensitive device such as a thermostat at 559 act-
ing through a suitable coupling 560 and ac-
suating device 561. The intercooler 552 is pref-
erably of the skin surface type and may be lo-
cated in any suitable place within the fuselage
or wing structure where heat exchange with the
air stream can be effected. The eabin air-con-
ditioning system forms the subject of my co-
pending application, Serial No. 575,913, filed Feb-

ruary 2, 1945, which issued as Patent No. 2,438,

046. )

The generator E is adapted to supply a charg-
ing current through conductors 565 and 566 to
a suitable bank of storage batteries 567. A dif-
ferential voltage sensitive switch = 568 serves
through suitable coupling 569 and valve actu-
ating means such as a solenoid 546’ to actuate
the nozzle control valve 546 in such a manner as
to increase or decrease air supplied to the turbine
in accordance with battery charging and electric
accessory current needs. The differential volt-
age sensitive switch 568 is of a conventional volt-
age operated type and is so constructed and ar-
ranged as to encrgize an electromagnetically ac-
tuated means 546’ to open the throttle valve 546
when the voltage of the battery 567 drops below
a predetermined value and to close the throttle
valve 546 when the voltage of said battery rises
above g predetermined value.

The operation of the apparatus of this inven-
tion primarily that shown in the installation of

_Figures 5, 6 and 7, following, for conv:nience, the
sequency of operations from starting of the power
unit to cruising conditions, is as follows:

The control lever 463 is first moved along the
sector 410 from the ‘“stop” position to the posi-
tion indicated as “ignition.” In so doing, the
lever extension 469 actuates the ignition snap
switch 4712 to complete the low voltage electric
circuit through the glow plugs by way of con-
ductor 132 and return through the ground con-
nection. The use of a low voltage ignition circuit
of this type has the advantages of simplicity,
freedom from creating radio interference, and
eficiency, especially at high altitudes where
corona losses and insulating difficuities are preva-
lent with the conventional high tension systems
commonly employed for internal combustion en-
gines. At the same time the fuel pump motor
circuit is also closed by the same switch to com-
plete the battery circuit from battery 5i1 through
the rheostat 506 and the conductor 5i3. At this
position the rheostat contact arm 507 is at a
position on the resistance windings 506 of maxi-
mum resistance and corresponding minimum
power input to the fuel pump. At this position
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the pump produces a comparatively small fuel
pressure. When the filaments of the glow plugs
have reached the ignition temperature of the gas
fuel mixture to be subsequently introduced and
the fuel pressure has come up to the starting
pressure, the control lever 463 is then advanced
to the “starter” position which acuates the starter
switch 473 to complete the electrical circuit from
the battery 510 through the conductor 514, the
solenoid 543’ of the starter air valve 543 and re-
turn through the ground connections. This com-
pletion of the starter circuit results in opening
the valve 543 and admitting air from the pressure
flask 525 through lines 544, 545, and regulating
valve 548 to the nozzle 541 of the air starter
turbine wheel 537. This turbine wheel, which is
designed particularly for starting with a rela-
tively small flow of air may be relatively small
in size for example it may be six inches in di-
ameter and capable of delivering about 30 BHP.
The resultant torque from the turbine wheel 537
is transmitted through the overrunning clutch
940 and shaft 187 to the intermediate pinion 186
as shown in Figure 25, which meshes with gears
{85 and 82 and drives the gas turbine shaft (18
and the blower shaft 16 in counter-rotation with
respect to one another. As soon as the turbiné
and the blowers are up to about 15 percent of
normal speed sufficient air will be self-supplied
by the blower and the compressor of the unit to
the combustion chamber to establish an appre-
ciable differential pressure in the pipes 493 and
494 which lead respectively to the po:int of dis-
charge of the second stage compressor into the
combustion chamber at 495 and to the Venturi
section of one of the burner tubes as best shown
at 497 in Figures 17 and 18. This said differential
pressure is communiecated to the fuel valve actu-
ating pistons 487 and 488 in the interconnected
cylinders 489 and 490 and is such as to tend to
move the fuel control needle valves downwardly
off their valve seats 483 and 484,

At the starter position of the control lever 463
on the sector 410, the spring 467 is under suffi-
cient compression to hold the needle valve 484
firmly closed, but the compression in spring 464 -
is at this point so balanced that as soon as the
flow of air through the burner tubes is established -
to a given value during the starter cyce, the
above mentioned resultant differential pressure:
acting upon the piston 487 is sufficient to “crack”
the needie valve 483 and allow a proper amount
of fuel to flow through line 485 fo the primary
fuel jet manifold 112 and thence to the spray jets
106 in the burner tubes to initiate operation of
the power unit. The unit is thus started and
brought up to idling speed.

The unit thus becomes self-motoring at ap-
proximately 15 per- cent of rated speed and a
smaller amount of starting air is required than
if air were released from the tank directly to the
inlet of the gas turbine, the flow passages of which
are obviously disproportionately large for start-
ing purposes. At idling speed the overrunning
clutch disengages the shaft 187 from the starter
turbine 537 and the generator E preventing them
from being driven at excessive speeds by the power
unit. ’ .

Upon further advance of the control lever 463
from the starter position and along the power
steps | to & of the sector 470 in the direction in-
dicated by arrow 471, the compressive force of
the spring 461 is further relaxed, tending to allow
the primary fuel needle valve to open further

78 and to feed a greater quantity of fuel to the
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burner jets. However, regulatory forces are im-
mediately automatically superimposed upon the
fuel control valve motion to meter the fuel per-
mitted to flow to the burner jets in accordance
with the quantity of flow of air through the com-
bustion zone in order to insure a proper and
efficient fuel air mixture and particularly to
produce a nearly constant combustion tempera-
ture thereby limited to protect the gas turbine
from thermal damage. These regulatory forces
are applied to the needle valve stems, for example
the primary fuel needle valve stem 460 in a di-
rection tending to reclose the needle valve by
means of the friction of the increased flow of
fuel upward around the piston 498 and the force
upon piston 481 is, as before mentioned, applied
through pipes 493 and 495 and tends to move the
needle valve to an open position. The force ap-
plied to piston 498 is thus opposed to that applied
to piston 487 and tends to return the valve to a
closed position upon flow of fuel through the
cylinder, said force being caused by the differen-
tial pressure imposed upon the piston 498 by fric-
tional flow of fuel through the small clearance
hetween the piston and cylinder walls and to-
wards the valve outlet 483. The flow of fuel from
the primary fuel valve is thus a modified com-
bined funetion of the rates of flow of fuel and air
to the combustion zone, which tends under all
conditions to maintain a proper fuel-air ratio
for any given power control setting,

Up to this point in the initial stages of opera-
tion of the power unit the supplementary fuel
needle metering valve 484 has remained inopera-
tive and in a closed position under the compres-
sive force of spring 467. As the centrol lever is
still further advanced bver the power settings
on the sector and near the position marked Sup-
plementary Fuel, the spring 467 reaches an elon-
gation where its compressive force is reduced to
& value permitting the supplementary fuel needle
metering valve to 1ift off the valve seat 484 to
allow supplementary fuel to flow through line 488,
inlet fitting 504 in the combustion chamber
housing, through pipe 570, fitting 572, tube 573
to the bore (36 of the gas turbine shaft 118 and
thence to the supplementary fuel orifices 137 in
the apex 135 of the gas turbine rotor. Supple-
mentary fuel is thus sprayed into the secondary
combustion chamber S from orifices {37 where it
burns in the presence of the excess air carried
In the gas turbine exhaust gases.

Still further advance of the control lever causes
still further opening of the supplementary fuel
valve 484 to supply an added quantity of fuel to
the secondary combustion zone. "The metering
of the supplementary fuel is subject to the same
automatic regulation as that before described in
connection with the primary metering valve so
that the total final quantity of fuel, both pri-
mary and supplementary, does not exceed that
Just required for the burning of all of the air
leaving the gas turbine. Were it not for the flow
controls deseribed, raw fuel might be lost through
the propulsive nozzle.

During the before described forward advance
of the control lever 463, the rheostat has been
actuated through the associated linkage here-
inbefore described, to progressively decrease its
resistance and thus to increase the power input
to the fuel pump drive to produce a fuel pressure
in line 503 which varies as an approximate func-
tion of the demand. The needle does not, in fact,
appreciably throttle the fuel, but rather the fuel
pump speed is directly controlled st the fye]
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source according to the fuel quantity requirement
and the combustion air back pressure. The
needle “trims” the flow to the exact quantity in-
dicated with only small throttling action. This’
conserves electric power and prevents fuel vapor
lock due to frictional overheating. Furthermore,
this fuel pressure system makes possible the use
of very small fuel lines since fuel pressure drop
in lines is compensated for by the flow control.
A further controlling factor is thus combined
with the automatic characteristic of the fuel
metering valve mechanism which tends to impart
automatic regulatory characteristics to the unit
as 8 whole. For example, in event the control
lever is moved forward suddenly, an immediate
increase in fuel pressure with momentary cor=-
responding increase in flow to the burner will re-
sult. This momentary increase in flow of fuel
will take care of the acceleration and increased
primary and supplementary fuel requirements of
the unit under high power output conditions.
The effect of the Sylphon bellows 439 and as-
sociated linkages including the spring coupling 458
to the lever 456 upon the before described Tuel
metering mechanism will be described herein-

- after in connection with the description of the
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operation of the internal mechanism of the power
unit, its auxiliary apparatus and the effects of
variation of pressure altitude.

Assuming now that following the before de-
seribed starting operations, a relatively low cruis-
ing speed of approximately 600 feet per second -
relative to the air at zero pressure altitude has
been attalned by the power unit and the asso-
clated aireraft, the operation of the internal
components of the power unit are as follows:

Alr entering the ram R at high velocity and at
a pressure of 14.7 lbs. per square inch absolute,
is compressed by impact to a pressure of approxi-
mately 18 lbs. per square inch absolute, at the
inlet i1 to the axial blower Ci. The air is dis-
charged from the axial blower at & pressure of
approximately 26 lbs. per square inch absolute
into the double scroll outlet housing 38—39 and
thence through the outlet spigots 40 and 41 and
ducts 42 and 43 to the wing skin intercoolers as
best illustrated at 44—45 In Figures 4, 6, 7 and
20. .
Cooled first stage compressed air from the said
wing skin intercoolers returns through ducts 318
and 315’ to the spigots 55 and 56 and thence to
the entrance 58 of the first impeller of the multi-
stage centrifugal compressor C2. Compressed alr
from the first centrifugal rotor 59 passes through
& liquid cooled surface intercooler 54 where it is
again cooled and thence through centrifugal im-
pellers 67 and 11 and finally through the diffuser
vanes 15 into the entrance 145 of the combustion
chamber Z at a final pressure of approximately
240 1bs. per square inch.

Here the compressed air is divided, a major
portion flowing con through the internal passages
of the burner tubes and through the substantially
annular clearance spaces between the burner
tubes and the combustion chamber housing 8%
and inner shroud 86 and another portion of the air
entering at 145 flows, for cooling purposes, down
through the tapering, substantially annular pas-
sageway 44 formed between the conical shaped
turbine bearing support member 124 and the said
inner shroud 86 of the combustion chamber and
its baffle extension (43, to the inner apex of the
gas turbine rotor adjacent the rotor bearing 119.
From here a portion of the cooling air turns, as
indicated by arrow 146 best shown in Figure 26,
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and flows back along the inner surface of the
turbine rotor shell 1{5.and in heat exchange con-
tact with the inner ends of the rotor blade roots
. as shown at (27, and finally is exhausted to the
gas turbine expansion zone inlet through the an-
nular cooling air nozzle ring 147 which is posi-
tioned immediately inside of and concentric with
the annular combustion gas nozzle ring 90 where
it joins in laminar flow, the combustion gases is-
suing from the combustion chamber Z. The air
thus flows from the annular inlet at the surface
of the turbine rotor and forms a concurrently
flowing layer of relatively cool air intermediate
the hot propellant combustion gases and the outer
surface of said rotor. This relatively cool bound-
~ary layer of air thus flowing along the outside
surface of the turbine wheel serves to cool and
to shield it and the blade roots from the high
temperature gases.

Another portion of the air conducted to the in-
ner apex of the gas turbine rotor adjacent the

bearing {19 passes through the ducts 42 into the

cooling cavity 139 and thence out through the
discharge orifices 150 to the secondary combus-
tionzone. Heatisthus carried away from the bear-
ing 119 and from the massive apex portion of the
turbine rotor.

" That portion of the compressed air which
passes through the clearance spaces between the
burner tubes and the combustion chamber walls
serves to cool both the chamber housing and the
burner tube and to dilute the products of com-
bustion, leaving the burner tubes sufficiently to
limit the combustion chamber gases to a safe
value. Another portion of the air passes through
the central tubular passages 98 of the burner
tubes and serves to cool the inner element thereof
including the fuel spray tip and nozzle 105 and
106. 'That portion of the compressed air which
passes through the Venturi shaped passages 97
of the burner tubes meets and mixes with the
atomized spray of fuel issuing radially through
the holes 100 in the inner tubular portion of
the burner from perforations in the spray noz-
zle head 106. The resultant air-fuel mixture
once ignited by the hot filament 123 of the glow
plug 99 continues to burn throughout the length
of the burner tube passages. The said burner
tubes, as hereinbefore stated, are preferably con-
structed of Carborundum which, when heated,
has catalytic properties which contribute bene-
ficially to the rapidity and efficiency of the com-
bustion process.

The heated gaseous combustion products and
excess air of greatly expanded volume are con-
tinuously released from the combustion chamber
at high velocity through the restricted opening
formed through the annular nozzle ring 90 into
the initial stages of the gas turbine expansion
zone. The metal of the nozzle ring 90 is cooled
to some extent by the expansion of cooling air
in the adjoining cooling air nozzle ring 147, pre-
venting thermal erosion.

The expanded and partially cooled gases from
which a portion of the power has been extracted
in passing through the gas turbine in the form
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the unit and the aircratt with which it is asso-
ciated.

When additionsal thrust is required and at cer-
tain times when maximum efficiency of operation
of the unit is to be attained, more or less sup-
plementary fuel injection into the secondary
combustion zone S through the orifices 137 in a
manner as hereinbefore described, is employed.
Such supplementary fuel enters 'the secondary
combustion chamber in the form of a fine spray
of a mixture of vaporized and atomized fuel where
it meets and mixes in most part with the high
velocity gases issuing from the gas turbine, with
the heavier particles of the unvaporized fuel
spray reaching and impinging upon the inner
surface of the annular shaped refractory baffle
160. Secondary combustion is thUs promoted
with the excess air associated with the said gas
turbiné exhaust gases. The said annular baffle
160 prevents the secondary combustion flame from
directly contacting the inner lining of the com-
bustion chamber and aids in the surface combus-
tion of the liquid fuel particles which reach it.

The action of the variable throat member will
be described hereinafter in connection with the
before mentioned effects of variation in pressure
altitude.

The reactive gaseous jet issues from the jet N
into the throat of the Venturi shaped jet aug-
menter member having a forward convergent
portion 183 and a rearward divergent portion
{184 faired into and forming a portion of the
fuselage as hereinbefore described and as best
shown at 182 and 184 in Figures 1 and 2. In
Figures 4 and 6, a similar augmenter member
is shown at 183 and 184 faired into the wing.
The augmenters act to draw air from the at-
mosphere through the fuselage slot 301 and from
within the boundary layer removal fan ducts
304 of the wings, as shown in Figures 1 and 2,
and from the wing glots 380 and 381 and also
the boundary layer removal ducts as shown at
403, as shown in Figures 4 and 6. The effect of
the augmenters is to assist the jet in the rear-
ward acceleration of a greater reactive volume
of air than it would otherwise be possible, and
in addition to this the-augmenter has the effect
of decreasing the pressure at its throat adjacent
the nozzle outlet, thereby increasing the velocity
and correspondingly, the magnitude of thrust

- efficiency of the jet, particularly at the low rela-

L%}

Wt

of rotative torque applied to the turbine shaft .

118, is discharged axially from the gas turbine
expansion stages into the secondary combustion
chamber S and thence out through the nozzle
N in the form of a rearwardly directed and effi-

70

ciently expanded high velocity reactive gaseous .

Jet. The propulsive force exerted by the reaction
_ of the gases leaving the said nozzle N is the thrust
which is utilized in whole or in part to propel

76

tive air velocities associated with the starting
and take-off conditions of the aircraft. The re-
moval of air at the slots by the before mentioned
ejector action of the augmenter also improves
the flow condition of the wing by swallowing
turbulent air flowing along the wing skin sur-
face.

The transmission of power from the gas tur-
bine to the compressor and auxiliary equipment
is as follows:

The high speed rotation of the rotor of the
gas turbine G is transmitted through the tur-
bine shaft $18 and through the before deseribed
counter-rotation transmission to the shaft 76
of the second stage centrifugal compressor Ca.
The accessory drive shaft (81, through which the
unit is brought up to starting speed, as before
described, extends radially from the said hous-
ing transmission and is driven by the bevel pin-
ion as shown at 186. Another accessory drive
shaft 589, similarly driven, extends radially from
another convenient portion of the said transmis-
sion housing and serves to drive the before men-
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tioned spray nozzle booster alr pump 580 and

ofl pump B81.
. 'The chief function of the rotation reversing
transmission is substantially to balance or can-
cel out the gyroscopic effect of the various high
speed rotating bodies within the unit, and its
incidental value resides in the convenient facili-
ties it provides for auxiliary drives of the type
Just mentioned. The balancing out of the gyro-
scople forces is of great importance in a maneu-
vering type of airplane, particularly in a combat
airplane to avoid precessional effects while mak-
ing quick turns or “pull outs” from a dive.

The balance of the power from- ths turbine,
not absorbed in driving the auxiliaries and sec-
ond stage compressor is transmitted on through
the shaft 16 to the axial blower transmission
hereinbefore described primarily in connection
with Figure 11. The operation of the said axial
blower transmission is as follows:

The rotation of the shaft 16 is imparted through
flange 193 to the planetary drive spid~r 194 and
the plurality of planetary pinions {85 carried
therein and also to the fluid coupling impeller
(99 carried within the housing 30—31 upon the
concentric shaft extension (96. As before de-
seribed, the said planetary pinions 195 mesh on
the inside with the sun gear 201 fixed to the
axial blower shaft 32 and on the outside with
the ring gear 203 fixed on the inside diameter
of the accessory ‘drive bevel gear 204. The
axial blower shaft extension 196 and the bevel
gear 204 are thus differentially driven by the be-
fore mentioned planetary pinions. The bevel
gear 204 meshes with the plurality of bevel pin-
ions as shown at 207, which drive a number of
accessory shafts which extend radially from the
differential transmission as shown at 208 and
388. 'The power transmitted through shaft 76
Is thus divided by the planetary pinions 95,
between the various accessory drive shafts and
the axial blower shaft 32 or, in other words,
the power transmitted through to the axial
blower is the difference between the input of
shaft 716 to the transmission and that absorbed
by the accessory drives. The relative speed of
rotation of said auxiliary shafts and blower
shaft are likewise differential.

Assuming that the fluid coupling is substan-
tially empty of oil the relative or differential
speeds of the accessory drive shafts and the axial
blower shaft will be entirely a function of the
corresponding torque of the combined accessory
‘drives relative to the torgue of the axial blower.
For example, if the torque on the accessory drive
is light, resulting in its high speed, then the speed
of the axial blower will be lower, but, if on the
other hand, the load on the accessory drive is in-
creased, resulting in lower accessory drive shaft
speed, then the axial blower speed will be differ-
 entially higher. The methods by which the load-
ing on the accessory differential drive is varied
will be described hereinafter in connection with
the boundary layer control apparatus.

Now if the fluid coupling housing is progres-.

sively filled with fluid by the introduction of oil
under pressure from pump 587 by way of pipe 586,
valve 447, pipe 449, fitting 516 and central bore 198
in shaft 32, and finally through the lateral inlet
hole 187 in the coupling housing 30, the degree of
coupling between the two shafts 32 and 196 may
be progressively increased. In so doing the speed
of the axial blower becomes progressively more
directly dependent upon the transmission input
speed of shaft 16—{986 carrying the coupling im-

10

16

20

25

30

'35

40

L13]

70

30 ‘
peller 199 and less dependent upon the differential
effect of the loading of the accessory shafts, and
the speeds of the accessory drives will at the
same time be thereby increased with respect to
said axial blower speed. In this manner a wide
range of power distribution and relative speeds
between the accessory drives and axial blower may
be attained without the power losses customarily
associated with variable speed drives which usu-
ally dissipate power wastefully.

The operation of the differential transmission
of Pigure 12 which is employed with the optional
radial cylinder-piston type of second stage com-
pressor is identical with that just before described
in connection with Figure 11. With the said op-
tional transmission of Figure 12, however, by
reason of the fact that the piston type compressor
does not have a continuous hollow central shaft
extending axially through the compressor hous-
ing as in the case with the centrifugal fiow type,
the coupling fluid must be introduced directly
into the end of the axial blower shaft 32 through
another inlet connection 581 through the trans-
mission housing, tube 580 and special fitting 582
having an axially extending tube 583 which makes
an oiltight rotatable fit through a packing gland
584 into the said shaft bore.

In order to maintain the fluid couplings filled
with oil, a constant supply must be maintained
by the pump 587 to compensate for that con-
stantly bled out of the fluid coupling housing
through the annular clearance space 277 between
housing 31 and shaft 196 and if the supply of oil
is reduced below a certain maximum flow or com-
pletely cut off as by closing the needle valve 447,
the coupling will slowly empty itself of fluid in
this manner either until equilibrium between the
rate of supply and loss of fluid is reached or until
the fluid coupling is completely empty. The oil
thus released from the fluid coupling is scavenged
from the transmission housing through & suitable
scavenging outlet connection as shown at 585 and
returned through line 588 to the suction of the
pump 587 as shown in Figure 20.

The differential power transmitted to the ac~
cessory shafts in the manner before described
may be dissipated by rotation of the landing
wheels and/or by the counter-rotating propellers
for take-off, by driving on the boundary layver
removal fans, and coolant fluid circulating pumps
and/or other accessory equipment. During
cruising flisht conditions the accessory power
absorption from the differential transmission is
largely controlled by varying the load on the plu-
rality of boundary layer removal fans, and this
is accomplished by variation of the pitch of the
fan blades as hereinbefore described in connec-
tion with Figure 20; or the power may be varied
by valving the boundary layer air as shown in
Figure 21, thereby varying the power require-
ments for the boundary control centrifugal blow-
ers 516. The torque requirement of the above
named accessories tends to be greatest at times
when the axial blower speed must be high, hence
the load distribution through the differential is
essentially self-regulating, affecting a large
power saving. Not only is a variable speed drive
thereby attained for the axial blower to increase
its speed at altitude, but the propeller slows down
correspondingly at altitude as its pitch increases

"~ subject to a pitch control of conventional type
. such as that shown in United States Patent No.

1,893,612 to Caldwell. Thereby shock losses are
avoided in the propeller as the airplane transla-
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tional speed increases and the velocity of sound
decreases.

As previouS]y stated, the axial blower speed is:

partially controlled or trimmed by governing
the oil supply to the fluid coupling. This gov-
erning is accomplished by a needle valve #41,
controlled by the Sylphon bellows 439 which is
subjected on the exterior to the axial blower dis-
charge pressure transmitted thereto through tube
452. If the axial blower pressure falls below a
predetermined value the resultant reduction -in
pressure in the bellows housing 438 and the at-
tendant expansion of the bellows #4398 tends to
close the needle valve and reduce the oil supply,
thereby allowing the quantity of oil in the cou-
pling to be reduced. This in turn reduces the
degree of coupling between shafts 16 and 32 thus
allowing the differential drive to function more
freely to increase the axial blower speed relative
to the input shaft 76 and thereby to apply a cor-
rective effect upon the said axial blower dis-
charge pressure. An increase of axial blower
pressure above the same predetermined value
similarly results in increased coupling between
shafts 76 and 32 tending to reduce the axial
blower szeed relative to the shaft 716 and to apply

32 .

trols the fuel pump P and fuel metering valves.

" For example, when it is desired to increase the
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again a corrective effect in the opposite sense °

upon the axial blower discharge pressure. Sub-
stantially constant axial compressor discharge
pressure is thus maintained with variation in
pressure altitude.

The expansion or contraction of the length of
the said Sylphon bellows 439 corresponding to the
respective decrease or increase of axial blower
discharge pressure also acts at the same time
through- lever 434, link 432, crank 430 and
through the mechanism before described in con-
nection therewith in Figure 20, to increase or
decrease the pitch of the blades of the plurality
of boundary layer removal fans. The torque
thus applied to the transmission accessory drive
tends to vary inversely as a function of the axial
blower discharge pressure, the effect of which is
to apply a corrective effect through the differ-
ential transmission upon the axial blower speed.

For example, if the pressure altitude is in-
creased with an attendant reduction in ram in-
let pressure, the resultant initial reduction of the
axial blower discharge pressure transmitted to
and acting upon the Sylphon bellows 439 will
tend to actuate the lever 434 and linkage leading
from the lever pivot 433 to the push-pull rod 429
in such a manner as to increase the pitch of the
boundary layer removal fan blades. The result-
ant increase in torque imposed on the said fans
and the corresponding reduction in speed of the
fan drive shafts will result, through the differ-
ential action of the transmission, in a corrective
increase in axial blower speed which tends to
return the axial blower discharge pressure to a
constant value.

The initial setting and adjustment of the ac-
tion of the said Sylphon bellows 439 for prede-
termination of the axial blower discharge pres-
sure to be maintained may be made by the
threaded adjustment on screw 440 which may be
actuated remotely through a shaft and gearing
442 by means of a manually operated wheel 443
which may be located in the flicht compartment
for convenience.

It will be evicant that in addition to the above
coordinated action of the axial blower C—i,
Sylphon bellows 439, and boundary layer re-
moval fans 395, there is coordination between
these parts and the control Jever 463 which con-
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power output of the power plant during take-off
of the airplane or during high altitude flight, the
lever 483 is moved along the segment 410 in the
direction of the arrow 471 in Figure 20 to in-
crease the delivery of fuel to the combustion
chamber. This movement of the lever 463 in-
creases the pitch of the boundary layer removal
fan blades and the resultant increase in torque
of the accessory drive shaft 388 increases the -
speed of the axial blower to provide a proper
fuel-air ratio for the increased power output.
Movement of the lever 463, as just described, re-
duces the compression in the springs 461 and 458
or applies tension to the springs. This, in turn,
results in expansion of the bellows 439 and move-
ment of the linkage 434—432—-430—429 to
change the pitch of the boundary layer removal
fan blades. This adjustment or regulation of the,
fans 895 accelerates removal of the boundary
layer air to increase the lift and efficiency of
the airfoil and, as previously described, increases
the torque on the shaft 388 to increase the speed
of operation of the axial blower. Thus, move-
ment of the control lever 463 simultaneously in-
creases the boost pressure developed by the axial
blower, increases the effective pitch of the
boundary layer removal fans, and increases the
delivery of fuel to the combustion chamber in a
proportionate or coordinated manner to obtain
efficient ampiified power output. _

Referring now primarily to Figure 24 the
operation of the variable nozzle opening is af-
fected as foliowr:

The gas pressure in the secondary combustion
chamber S which is transmitted through a plu-
rality of ducts 110 coaxially extending through-
out the length of the supporting rods 163 and -
into the head end of the annular cylinder {68
acts upon the piston 167 to which the rods are
attached, in a manner tending to compress the
springs 169 and to hold the annular throat mem-
ber in a forward position of maximum opening as
indicated by the dotted lines 165’. The said gas
pressure in the head of cylinder 168 is governed
by = bleed to atmosphere regulated by the needle
valve 174 which is in turn actuated by the turbine
speed governor (49 as hereinbefore described.
The initial setting and adjustment of the speed
governor (49 may be manually accomplished by
a screw 153 remotely controlled by a wheel and
shaft 158 and (54 which may be located in the
flight compartment for convenience as before
described.

If the gas pressure in the secondary combus-
tion chamber S increases above a correct value
due to bringing in of supplementary fuel injec-
tion for example, the turbine speed will tend to
decrease due to the attendant back pressure, and
the resultant corresponding increase in pressure
in the cylinder 168 then tends to move the an-
nular throat member forward in the nozzle to
increase the effective area of the nozzle throat
with an accompanying reduction of back pressure
tending to correct the condition. If the pressure
altitude of the aircraft varies the corresponding
tendency upon gas turbine speed by changed
compressor load also reacts on the governor and
the accompanying actuation of the needle valve
bleed is such as to correspondingly open or close
the effective area of the throat in sufficient de-
gree as tomaintain substantially constant turbine
speed as the pressure altitude is respectively in-
creased or decreased.
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To summarize the power balance of the plant,
the gas turbine carries whatever load is imposed

on it from the compression system and from air- -

plane auxiliaries. If -then the turbine produces
a power excess the speed governor will increase
the back pressure on the turbine or vice versa.
Therefore, the gas turbine and directly connected
second stage blower are operated as constant
speed devices. Such being the case the efficiency
of these units is particularly high under all con-
ditions and at all altitudes and the power plant
is very stable under conditions of rapid change
of load. ‘

Referring now primarily to Figures 1 to 3 and
22, hereinbefore described, the operation of the
power driven landing gear is as follows:

Power is transmitted from the axial blower
differential transmission through a suitably lo-
cated auxiliary drive shaft 330 extending down
from the transmission housing to the bevel gear
drive 331—332 and thence at right angles thereto
through the shafts 333 and 334 which extend lat-
erally out into the wings to drive mechanism in
the wing structure at a point adjacent the land-
ing gear attachments. One of said shafts, 333,
and its method of coupling to the power driven
landing gear mechanism is shown and now de-
scribed in connection with the enlarged detail
thereof in Figure 22. ¥or driving the aircraft
on the ground or for acceleration on the ground
preparatory to take-off, suitable fluid pressure
is applied to the cylinder 363 through line 364 to
force the piston 362 and the attached cone 355
of the clutch into frictional driving contact with
the corresponding conical surface of the driven
clutch member 368 with the result that the rota-
tive power from the differential drive is trans-
mitted from the shaft 333, through the clutch
and splined stub shaft 350, bevel gears 335 and
336, vertical tubular shaft 357, splined shaft 354,
helical pinion and gear 353 and 352, horizontal
pinion shaft 347 and drive pinion 346 and finally
to the wheel drive ring gear 344 carried on the
wheel hub 345,

During the latter portion of take-off, or when
the wheel contact with the ground has been
broken, the fluid pressure may be relieved from
line 364 and sufficient pressure applied to line
365 to disengage the clutching surfaces 366 and
368 and thus to allow the landing gear wheel 337
to idle to a stop prior to its retraction within the
wing by rotation of the whole gear rearwardly
upon the trunnions 340 and 34(. The retraction
may be accomplished by well-known conven-
tional means, not shown.

In landing the aircraft, following the extension
of the retractable gear preparatory to landing,
the clutch may again be energized as just de-
scribed by applying fluid pressure to line 364
again to bring the clutching surfaces 366 and 368
into driving contact to establish pre-rotation of
the wheels to a peripheral speed corresponding
approximately to that of the relative speed of
the ground surface at landing speed, then upon
re-establishment of wheel contact with the ground
the drag of the power unit may be utilized to
effect the initial -braking of the aireraft landing
speed. The final braking or all of the braking
action may be effected, if desired, by applying
suitable fluid pressure to line 365 to act upon the
piston 362 to force the inner surface of the conical
member 366 into frictional contact with the ad-
jacent stationary, conical braking- surface 367.
The fluid pressures in lines 364 and 365 may be
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actuated by suitable valves coupled to pilot oper-
ated rudder control pedals not shown herein.

The operation of the optional type of twin
wheel type landing of Figure 23 is similar to that
before described in connection with the single
wheel landing gear of Figure 22.

Advantages of the power driven landing gear
as herein described when employed in conjunction
with the reaction propulsive prime inover of the
type of the present invention is primarily that
the length of run required for take-off is con-
siderably reduced. The reason for this is that
the thrust of this type of power plant is substan-
tially constant and independent of speed of the
aireraft. At take-off speeds the thrust of the
unit is considerably lower than that of units em-
ploying conventional propeller drives, however at
cruising speed of, for example, 600 feet per sec-
ond and greater, the thrust of the reaction pro-
pulsive unit of this invention still remains prac-
tically undiminished, whereas the thrust of the
conventional propeller drive unit will have fallen
off to a value considerably below that of the said
reaction propulsive unit.

It is evident from the embodiments of the in-
vention illustrated herein that a large power can
be transmitted to the landing gear wheels with-
out interfering with the retractability and shock
absorbing devices necessarily associated there-
with.

Additional advantages of the type of powered
landing gear are, as before stated, that the wheels
may be pre-rotated prior to landing to reduce the
scuffing wear on the tires and to reduce the shock
stresses throughout the structure upon initial
landing contact with theé ground. Additionally,
brake shoe wear is reduced by permitting the
braking torque to be transmitted back into the
idling power plant during the landing run, allow-
ing the thus motored power plant to absorb the
greater portion of the braking energy.

Optionally, or in addition to the powered land-
ing gear, auxiliary propellers may be employed
for shortening the take-off run and also for in-
creasing the initial rate of climb of the aircraft.
These propellers, as hereinbefore described in
connection with Figures 1 to 3 and 11, may be
mounted in any suitable location such as, for ex-
ample, on the nose of the airplane fuselage, and
adapted to counter-rotation upon suitable bear-
ings concentric with and surrounding the air in-
take ram. The blades of the propellers are pref-
erably constructed so as to fold back into suitable
recesses as shown at 620 and 621 provided in the
adjacent nose portion of the fuselage. The oper-
ation of the propellers are such that upon take-
off and climbing operations they are extended
and driven in counter-rotation -from the power
plant through the before described pair of par-
allel shafts 320 and 321. Upon reaching speed
and altitude the propeller drives are disengaged
and stopped by means of clutches similar to that
employed in the landing gear drive mechanism,
and the blades then folded back into the before
mentioned recesses 620 and 621 so as to present
2 minimum of resistance to the continued in-
crease in speed of the aircraft under the reactive
thrust of the power unit. ]

A plurality of automatically operated shuttered
openings 19 arranged to enter the ram from the
propeller blade recesses for convenience, as shown
in Figures 1 and 2, serve to aid in the free en-
trance of air into the ram and into the intake of
the axial blower during such times when the
speed of the aireraft is insufficient to nerform ini-

-
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tial impact compression of the air within the ram
which is equal to the entrance and friction losses
therein., This condition may occur requiring
opening of the automatic shutters to deliver air
at a minimum loss of pressure to the axial blower
intake during take-off and steep climbing ma-
neuvers of the aircraft when the speed is relative-
1y low. These openings are preferably construct-
ed with spring loaded leaves adapted to automati-
cally open inward under a slight inwardly directed
differential pressure and to close when the ram
pressure is equal to the external atmospheric
pressure.

Tn Figures 1-3 the power plant unit controls
and auxiliary equipment employed is identical to
that deseribed hereinbefore in connection with
Figures 4-7 except that the auxiliary and ac-
cessory drive shafts may be rearranged to extend
from the axial blower housing and the counter-
rotation transmission housing at other points as
may be conveniently suited to that particular air-
craft structure and arrangement, Here the
boundary layer fans for both wings as shown for
one wing at 305 to 308 are driven from the later-
ally extending shafts 325 and 326 through bevel
gears 328 and 329 which are in turn driven from
the obliquely extending auxiliary drive shafts 327
and 328. The said fans 305—308 act to draw in
the boundary layer air through the wing slots
309 to 312, and by way of the wing ducts 304 de-
liver the air to the chamber formed around the
power unit by the shroud 303 where it serves to
cool the unit housing and from there the air
moves rearwardly through the annular space 302
to the forward converging portion 183 of the
augmenter {82 and on out with the propulsive
jet issuing from the nozzle N and finally leaving
the divergent portions 182 of the augmenter.

When the power unit is in normal operation the
overriding clutch 540 acts to disengage the gen-
erator drive shaft 538 from the accessory drive
shaft 187 through which the unit is started as be-
fore deseribed. Following this, the generator E
is driven solely from the air turbine 5371 by air
fed through either one or both of the nozzles
541 or 542. Ordinarily the air throttle 546 is ac-
tuated by means of a voltage sensitive device
568 in such manner as to supply just sufficient
air to primary nozzle 541 to meet the power re-
quirement for current demanded for changing
the batteries and for the various electrical faeili-
ties within the aircraft.

Air for conditioning and pressurizing the cabin
557 is supplied through pipe 556 from the exhaust
555 of the air turbine secondary nozzle 542 which
in turn receives compressed air from the discharge
of the second stage compressor of the power unit
" through pipe 424, 544 and the two-way cock
5§49. The compressed air may be fed to the sec-
ondary nozzle 542 either direct through pipe 559
or through an intercooler 552 or both in propor-
tions determined by the adjustment of cock 549
which is actuated by means of suitable electrically
operated means 561 connected through the con-
ductor 560 with a thermostat control 558 ex-
posed to the cabin air being exhausted at 558.

When the air is delivered direct to the second-
ary jet 582 without intercooling, it leaves the
turbine warm even after expansion therein. If,
however, the air is passed through the inter-
cooler 552 prior to delivery to the nozzle 542 the
subsequent expansion in the turbine will be suf-
ficient to appreciably cool the air. By adjustment
of the relative quantities of cooled and uncooled
air delivered to the said turbine nhozzle 542 the

36 ’
temperature of the air delivered to the cabin
under pressure through the duct 556 can be con-
trolled as desired.
While the gas turbine bucket or blade roots may
be effectively cooled, as described in the fore-
going, particularly in connection with Figure 24,

" which cooling enables the use of higher turbine
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gas temperatures than would otherwise be pos-
sible, and with resultant improved power plant
efliciency, the gas temperatures may be safely
elevated even still further while still retaining
said cooling arrangement, if the buckets are con-
structed of special materials having at elevated
temperatures yield points which are much higher
than those of the more commonly known alloy
steels. For example, the metal, tantalum, hav-
ing a melting point of 5160° P, is particularly
suitable insofar as its physical properties at high
temperatures are concerned, but it is necessary
to employ special methods in the preparation
and formation of this material.

One such method which may be employed in
the fabrication of the turbine buckets is as fol-
lows: tantalum powder either alone or with a
small admixture of other powdered metals to be
alloyed therewith, if desired, is hydraulically
molded, at high pressure to a slightly oversized,
approximate shape of the bucket to be formed.
The thus molded powder is then sintered in an
induction furnace at a temperature of approxi-
mately 4000° F'. and in an inert atmosphere, such
as nitrogen, helium or argon, from which oxygen
is carefully excluded or preferably in a vacuum.
During this sintering process the molded mate-
rial shrinks in the attendant consolidation proc-
ess to form a slightly undersized: blank. The
molded material is thereby converted into a sub-
stantially homogeneous piece of metal of high
physical strength, but it cannot be immediately
used in that form due to the fact that it does
not then accurately conform to the required di-
mensions and it is readily attacked when ex-
posed to combustion gases at high temperatures.
Therefore, the blank which as before stated, has
shrunk to a size slightly smaller than that re-
quired of the finished part during the sintering
process, is next electroplated with a protective
coating of chromium sufficiently thick to build
up the blank to oversize.

The resultant form is then heated to the forg-
ing temperature of chromium and after being
allowed to soak at that temperature for the re-
quired time to allow sufficient diffusion and alloy-
ing of the plating and core materials at their sur-
faces of mutual contact to form a high degree
of bonding, it is sized in dies of the exact shape
and dimensions of the finished bucket. The
chromium coating which has a melting point of
2940° F. is dense, hard, and suitably inactive
chemically and resistant to abrasion and erosion
to form an extremely satisfactory protective
coating for the comparatively more chemically
active but physically stronger tantalum core.
Such a bucket will operate continuously at a tem-
perature in the neighborhood of 2000° F. without
substantial thermal, corrosion or erosion diffi-
culties. The turbine buckets and the method for
making the same form the subject of my copend-
ing application, Serial No. 574,286, filed January
24, 1945, which issued as Pat. No. 2,520,373,

In connection with the various combinations
of propulsive means included in the foregoing

- description of the invention it is to be noted that

%

the pure fluid reaction type of driving thrust and
power which the unit of this invention is capable
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of producing is preferable for extremely high
velocity and high altitude flight of the aircraft
with which it is associated, while certain combi-
nations of fluid reaction with either propeller or
landing gear drive or both may be desirable under
other conditions. For example, in a certain case
it has been found that for a given power capacity
the initial thrust and accelerating ability of the
power unit employing the pure jet reaction type
of drive and remains so up to speeds of approxi-
mately 100 miles per hour where the thrusts of
the two types of drive become substantially equal.
Above the speed of 100 miles per hour the thrust
of the propeller gradually falls off while that of
.the jet reaction unit remains practically con-
stant until at approximately 500 miles per hour
the thrust of the propeller drive is only a fraction
of that of the jet reaction. With this condition
in view it has been found desirable to employ
auxiliary landing gear drive and/or auxiliary
propeller drive to increase the initial thrust and
accompanying acceleration of the aircraft during
the take-off maneuvers. After take-off the driven
landing gear may then be disengaged and re-
tracted while the propellers may be continued to
be employed for the initial climb while the air-
craft speed is relatively low. At altitude the aux-
iliary propellers may then be stopped and folded
within the fuselage in the manhner hereinbefore
described, after which pure jet reaction may then
be exclusively employed for the continued ac-
celeration and high speed flight at altitude.

In certain airplanes of the interceptor type
which are designed for relatively light loads and
extremely high speeds, the auxiliary propeller
drive may be omitted, but retaining, preferably
the driven landing gear to aid in the initial take-
off. However, in airplanes of the bomber or
freight carrying type which are designed for
heavy loads, the auxiliary propeller is desirable
in aiding in the take-off maneuver and in the
subsequent climb to altitude at relatively low
speed.

pFrom the foregoing it will be evident that the

invention may have a number of equivalent em-
bodiments and several forms and arrangements
of associated apparatus. It is to be understood
that the foregoing is not to be limiting but may
include any and all forms of method and appa-
ratus which are included within the scope of the
claims.

I claim:

1. In a gas turbine power plant, a gas turbine,
g first stage compressor and a second stage com-
pressor for supplying combustion air for the tur-
bine, a combustion chamber between the second
-stage compressor and the turbine, driving means
coupling the turbine with the compressors, means
for varying the speed of the first stage com-
pressor with respect to the second stage com-
pressor comprising a differential transmission

having an input shaft coupled with said turbine

and two output shafts, means coupling the first
stage compressor to one of said output shafts, a
controllable auxiliary power absorbing device
driven by the other output shaft whereby the
power output is divided between said shafts and
the speed of the first stage compressor may be

varied, variable fuel supply means for the com-

bustion chamber, and a manually operable con-
trol for simultaneously regulating the fuel suppl

means and said auxiliary device. -

2. In a gas turbine power plant, a gas turbine,
a first stage compressor and a second stage com-
vressor for supplying combustion air for the tur-

&

5

10

15

20

30

40

45

50

b5

60

6o

70

76

bine, a combustion chamber betwéen the second
stage compressor and the turbine, driving means
coupling the turbine with the compressors, means
for varying -the speed of the first stage com-
pressor with respect to the second stage com-
bressor comprising a differential transmission
having an input shaft coupled with said turbine
and two output shafts, means coupling the first
stage compressor to one of said output shafts; 2
controllable auxiliary power absorbing device
driven by the other output shaft whereby the
power output is divided between said shafts and
the speed of the first stage compressor may be
varied, a fuel injection system for the combus-
tion chamber, and a manually operable control
lever for simultaneously controlling the fuel in-
jecting system and said auxiliary device.

3. In a gas reaction propulsive unit, the com-
bination of, a gas turbine, first and second stage
compressors for supplying combustion air for the
turbine, a combustion chamber betweenthe second
stage compressor and turbine, driving means cou-
pling the turbine with said compressors whereby
the turbine drives the compressors, and means as-
so ciated with the driving means to vary the speed
of the first stage compressor with respect to the
speed of the second compressor including a dif-
ferential type transmission having a power input
shaft coupled to the turbine and two power oub-
put shafts differentially driven by the input shaft,
means coupling the first stage compressor to one
of the output shafts, and means for varying the.
torque on the other output shaft whereby the
power output may be divided between said output
shafts and the speed of the first stage compressor
may be varied with respect to the second stage
COmMpPressor.

4. In 2 gas reaction propulsive unit, the com-
bination of, a gas turbine, first and second stage
compressors for supplying combustion air for the
turbine, a combustion chamber between the sec-
ond stage compressor and turbine, driving means
coupling the fturbine with said compressors
whereby the turbine drives the compressors, and
means associated with the driving means to vary
the speed of the first stage compressor with re-
spect to the speed of the second compressor in-
cluding a differential type transmission having a
power input shaft coupled to the turbine and two
power output shafts differentially driven by ths
input shaft, means coupling the first stage com-
pressor to one of the output shafts, means cou-
pling auxiliary power absorbing apparatus asso-
ciated with said propulsive unit to the other out-
put shaft, and means to vary the torque exerted
on said other shaft by said auxiliary apparatus
whereby the power output may be divided be-
tween said output shafts and the speed of the
first stage compressor may be varied with respect
to said second stage compressor. ’

5. In a gas reaction propulsive unit, the com-
bination of, a gas turbine, first and second stage
compressors for supplying combustion air for the
turbine, a combustion chamber between the sec-
ond stage compressor and turbine, driving means
coupling the turbine with said compressors
whereby the turbine drives the compressors, and
means asscciated with the driving means to vary
the speed of the first stage compressor with re-
spect to the speed of the second compressor in-
cluding a differential type transmission having a
power input shaft coupled to the turbine and two
power output shafts differentially driven by the
input shaft, means coupling the first stage com~
pressor to one of the output shafts, power driven
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landing wheels, means coupling said wheels to
the other output shaft comprising a slip clutch

for transmitting power to said wheels, the clutch .

including a driving element, a driven element, a
stationary braking element, and means.for dif-
ferentially controlling the degree of engagement
between said driven element and said stationary
element and driving element. )

6. In a gas reaction propulsive unit, the com-
bination of, a gas turbine, first and second stage
compressors for supplying combustion air for the
turbine, a combustion chamber between the sec-
ond stage compressor and turbine, driving means
coupling the turbine with said compressors
whereby the turbine drives the compressors, and
means associated with the driving means to vary
the speed of the first stage compressor with re-
spect to the speed of the second compressor in-
cluding a differential type transmission having a
power input shaft coupled to the turbine and two
power output shafts differentially driven by the
input shaft, means coupling the first stage com-
pressor to one of the output shafts, means cou-
pling auxiliary power absorbing apparatus asso-
ciated with the propulsive unit to said other shaft,
and means responsive to the first stage com-
pressor discharge pressure to vary the torque
exerted on said other shaft by said auxiliary ap-
paratus whereby the power output may be divided
between said output shafts and the speed of the
first stage compressor may be varied with respect
to said second stage compressor so as to tend to
maintain the first stage compressor discharge
pressure constant.

7. In a gas reaction propulsive unit, the com-
bination of, a gas turbine, first and second stage
compressors for supplying combustion air for the
turbine, a combustion chamber between the see-
ond stage compressor and turbine, driving means
coupling the turbine with said compressors
whereky the turbine drives the compressors, and
means associated with the driving means to vary
the speed of the first stage compressor with re-
spect to the speed of the second compressor in-
cluding a differential type transmission having a
power input shaft coupled to the turbine and two
power output shafts differentially driven by the
input shaft, means coupling the first stage com-
pressor to one of the output shafts, means cou-
pling auxiliary power absorbing apparatus asso-
ciated with said provulsive unit to the other out-

. put shaft, and means to vary the torque exerted
on said other shaft by said auxiliary apparatus
whereby the power output may be divided be-
tween said output shafts and the speed of the
first stage compressor may be varied with respect
to said second stage compressor, said auxiliary
power absorbing apparatus comprising power
driven landing gear wheels.

8. In a gas reaction propulsive unit, the com-
bination of, a gas turbine, first and second stage
compressors for supplying combustion air for the
turbine, a combustion chamber between the sec-
ond staze compressor and turbine, driving means
coupling the turbine with said compressors
whereby the turbine drives the compressors, and
means associated with the driving means to vary
the speed of thes first ctage compressor with
respect to the speed of the second compressor
including a differential type transmission having
a power input shaft coupled to the turbine and
two power output shafts differentially driven by
the input shaft, means coupling the first stage
compressor to one of the output shafts, means
coupling auxiliary power absorbing apparatus
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associated with said propulsive unit to the other

-output shaft, and means to vary the torque

exerted on said other shaft by said auxiliary
apparatus whereby the power output may be
divided between said output shafts and the speed
of the first stage compressor may be varied with
respect to said second stage compressor, said aux-
iliary power absorbing apparatus comprising a
power driven propeller.

9. In a gas reaction propulsive unit, the com-
bination of, a gas turbine, first and second stage
compressors for supplying combustion air for the
turbine, a combustion chamber between the sec-
ond stage compressor and turbine, driving means
coupling the turbine with said compressors
whereby the turbine drives the compressors, and
means associated with the driving means to vary
the speed of the first stage compressor with
respect to the speed of the second compressor
including a differential type transmission having
a power input shaft coupled to the turbine and ’
two power output shafts differentially driven by
the input shaft, means coupling the first stage
compressor to one of the output shafts, means
coupling auxiliary power absorbing apparatus
associated with the propulsive unit to said other
shaft, and means responsive to the first stage
compressor discharge pressure to vary the torque
exerted on said other shaft by said auxiliary appa-
ratus whereby the power output may be divided
between sald output shafts and the speed of the
first stage compressor may be varied with respect
to said second stage compressor so as to tend to
maintain the first stage compressor discharge
pressure constant, said auxiliary power absorbing
?pparatus comprising a boundary layer control

an.

10. In an aircraft, an airfoil having a boundary
layer removal slot, propulsive means comprising
a gas turbine, a nozzle associated with the turbine
for producing a propulsive jet, compressor means,
and a differential type transmiscion between the
turkine and compressor means having an auxil-
iary output shaft, and means driven by said shaft
for removing the boundary layer air through said
siot.

11. In an aircraft, an airfoil having a boundary
layer removal slot, propulsion means comprising
a gas turbine, a nozzle associated with the turbine
for producing a propulsive jet, compressor means,
and a d:.fferential type transmission between the
turbine and compressor means having an output
shaft, a variable pitch fan driven by said shaft
for removing the boundary layer air through said
siot, and means for varying the pitch of said fan
and thus vary the torque on said shaft including
a control responsive to pressure in the compressor
means, and an operative connection betwzen the
control and the fan.

NATHAN C. PRICE.
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