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1 11 Claims.

This invention relates to gas turbine power
plants, and has more particular reference to
intercooling and control systems for power plants
of that type. It is & general object of the inven-
tion to provide a compact, rugged, and eflicient
intercooler and effective automatic associated
controls for application to or embodiment in

. system of tﬁe character referred to above, used

5

turbo power plants employing compressed air as -

the working fluid.

This application is a continuation-in-part of
my copending application entitled “Power Plant”
filed Jenuary 9, 1945, Serial No. 571,9991%, now
Patent No. 2,526,409, dated Oct. 17, 1950.

The efliciency of a turbo power plant employing
air as the working fluid can be increased and
maintained at & high level by controlling the
temperature of the air supplied to the combustion
chamber. For example, where multi-stage com-

 pressors are employed, a high overall thermal
efficiency is obtained by preserving a substan-
tially isothermal condition in the air compressor
flow system of the planf, even though variations
in the temperature and pressure of the ambient
air may occur. This preservation of substantially
isothermal conditions in the stream of the work-
ing fluid is of particular importance in the case
of turbo power plants designed for the propul-
sion of aircraft. Furthermore, where there are
variations in the air pressure at the inlet of the

compressor resulting from changes in the air-.

craft speed and ambient atmospheric conditions,
it 1s important to maintain a substantiaily con-
stant ratio between the absolute air pressure at
the intercooler and the mass air flow through the
power plant under various load conditions an
at the different altitudes of flight. )

The present invention is directed to intercooler

" means and a control system for maintaining sub-

stantially isothermsal conditions in the com-
pressed air or working medium being supplied to
the combustion chamber and for preserving a
substantially constant ratio between the absolute
alr pressure at the intercooler and the air mass
flow through the power plant system. An object
of the invention is to provide a dependable auto-
matic control for the coolant supply system of
the intercooler to obtain the substantially con-
stant isothermal condition in the compressed air
system of the power plant. The automatic con-
trol operates to maintain the temperature of the
alr at the exit side of the intercooler substantially
constant by a thermostatic regulation of the
coolant supply for the intercooler.

Another object of the invention is to provide
an intercooler means and an. automatic control
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in combination with an automatic means for
preserving a substantially constant ratio between
the absolute air pressure at the intercooler and
the air mass flow through the power plant so that
by suitable regulation of the fuel supply to the
combustion chamber and pressure conditions in
the turbine, a substantially constant design Q/N
Is obtained throughout the compressor and tur-
bine blading and & generally constant Mach
number is obtained in the turbine and com-
pressor. The ratio of the absolute air pressure
at the intercooler to the air mass flow is main-
tained substantially constant by the automatic
variation in the speed of operation of the first
stages of the compressor blading, while as above
mentioned, the temperature of the compressed air
leaving the intercooler and entering the high
speed or second stage compressor is also main-
tained substantially constant. These two factors
of control are instrumental in bringing about effi-
cient, generally constant internal power plant
conditions throughout a wide range of loads and
where the external pressures and temperatures
vary greatly. - R
- Another object of the invention is to provide
an intercooler for arrangement in the flow path
between the first and second stage gomipressors
which is shaped and proportioned for convenient
installation in the casing of the high pressure
compressor, and which 1s constructed so that sub-
stantially uniform flow distribution is obtained

.through its core without entailing excessive or

detrimental air bends. Thé intercooler may be
in the form of an annular or tubular structure
readily positioned in the compressor casing and
is desiened so that the air flows in a generally
radial direction through the multitude of inter-
cooler passages with only minor bends or changes
in -direction. . .

Another object of the invention is to provide an
intercooler of strong durable construction inex-
pensively fabricated from a plurality of sectional
laminations or “sandwiches.” The intercooler is
composed of a plurality of inexpensive stamped
sheet metal parts assembled in brazed-together
laminations or “sandwiches,” each providing an
extended flow passage for a liquid coolant and g
plurality of flow paths for the air. These assem-
blies or sandwiches are each simple units con-

. structed at low cost and easily assembled together

(<)
(=]

to “constitute the composite core of the inter-
cooler. ,

It is another object of the invention to provide
an intercooler of the class referred to in which
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the above mentioned laminated assemblies or
sandwiches may be individually removed and
replaced in the event they become clogged or
develop leaks.

It is another object of the invention to provide
an intercooler which provides a multiplicity of
serpentine channels for carrying the coolant,
each channel having its major or elongated arms
extending axially of the core and which also pro-
vides a large number of air flow paths at each

side of each serpentine coolant channel, the air.

fiow paths extending transversely of and in close
relation to the major arms of the serpentine
channel to effect an extensive and efficient heat
transference between the compressed air and the
coolant. The many major elongate arms of the
serpentine coolant duct are each successively
intersected at spaced points by the lines or planes
occupied by the alr flow paths and the latter are
preferably angular or chevron shaped to increase
their areas of intersection or “contact” with the
lines of the serpentine coolant channels,

A further object of the invention is to provide
an intercooler of the character referred to where-
in the above mentioned sandwiches or laminated
assemblies are related one to the other so that
there is an equal number of air flow paths at
each side of each coolant channel to effect a
uniform and distributed heat absorption or cool-
ing effect.

Other objects and features of the invention will
be readily understood from the following detailed
description of s typical preferred form of the
invention wherein reference will be made to the
accompanying drawings in which:

Pigure 1 is longitudinal sectional view of an
internal combustion turbo power plant embody-
ing the features of the invention, with certain
parts appearing in side elevation;

Figure 2 is an enlarged fragmentary longitudi-
nsal section illustrating the intercooler and radi-
ator, together with the associated power plant
elements, with the combustion chamber and &
portion of the turbine broken away; .

Figure 3 is an enlarged longitudinal fragmen-
tary sectional view of the intercooler and its
header pipes showing the grooved face of one
of the fin plates and illustrating the dlrectlon of
air flow through the intercooler;

Fgure 4 is a greatly enlarged fragmentary
elevational view taken substantially as indicated
by line 4—4 on Figure 3;

Figure 5 {s an enlarged fragmentary sectional
view of one of the intercooler sandwiches taken
as indicated by line &—5 on Figure 4;

Figure 6 is a greatly enlarged fragmentary
side elevation of one of the fin plates of the in-
tercooler;

Pigure 7 is a greatly enlarged fragmentary ele-
vational view of one of the foraminous bonding
or brazing sheets employed in fabricating the in.
tercooler; ,

Figure 8 is an enlarged sectional view of the
intercooler taken in a plane at the face of one
of the tube providing plates; -

Pigure ¢ is a sectionsal view taken as lndicated

by line 8—38 on Figure 3;

PFigure 10 is an enlarged sectional view illus-
trating the coolant by-~pass valve;

Figure 11 is an enlarged longitudinal sectional
view of the thermostat and valve for controlling
the by-pass valve of Figure 10;

Figure 12 is a diagrammatic view of the power
plant and the controls for the compressor and
intercooler;

b
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Figure 13 is an enlarged fragmentary sectional
view of one of the rivet attachments for the in-
tercooler;

Figure 14 is an enlarged fragmentary sectional -
view of the coolant circulating manifold; and -

Figure 15 Is an eniarged diagrammatic frag-
mentary sectional view taken as indicated by line
18—15 on Figure 12.

The invention is herein disclosed associated
with a turbo jet power plant of the type described
in my copending application above referred to
and intended primarily for the propulsion of air-
craft. It is to be understood that this is merely
one typical application and the invention is not
to be construed as limited or restricted to the
form or details of the power plant herein dis-

‘ closed.

The power plant as {llustrated in PFigure 1 in-
cludes a first stage compressor A, a second stage
compressor B, a combustion chamber C and a
turbine D for driving the compressors.

The compressors A and B are of the axial flow
type, the compressor A being arranged to receive
ram air during fight of the aircraft and the
compressor B receiving the compressed air from
compressor A. The compressor A has an elon-
gate cylindrical casing 10 open at its forward
end for the reception of the ram afr. A rotor it
of rearwardly increasing diameter rotates in the
casing 10 and carries a plurality of rows of blad-
ing 12 operating between stator blading 13 on the
casing. A spider {4 at the forward end of the
casing carries bearings for the rotor {1 and has
supporting webs |5 which also serve as counter

5 blades for the forward row of compressor blades

i2. The rotor 11 is journaled at a bearing (8
on the spider (& and at a cylindrical land {7 ad-
jacent its rear end to rotate about a longlitudinal
axis. The forward portion of the low pressure
axial flow compressor has an independently ro-
tatable rotor or drum section (8 carrying sev-
eral rows of blading §2*. The section 18 is jour-
naled on 8 bearing land $ provided on a cen-
tral hub 20 at the forward end of the rotor (1.

In accordance with the invention the drum sec-
tion 18 is independently driven and controlled so
that its speed of rotation may be varieq with re-
spect to the speed of the main rotor 11 to compen-
sate for variations in air pressure at the inlet
spider 14 arising from the speed of the aircraft,
altitude and atmospheriec conditions. The drive
for the independent drum section {8 is in the form
of a variable speed hydraulic uni{ 21. This hy-
draulic drive unit which is diagrammastically il-
lustrated in Figure 12, may be of the type dis-
closed in Patent No. 2,379,183, issued June 26, .
1945. The drive comprises a toroidal fluid-filled
container 22, a portion of which is associated
with the driving member or rotor {i and a por-
tion of which is in association with the driven
drum section 18. This latter driven portion of
the container 22 carries internal radial vanes
23 and the driving portion carries variable-angle
vanes 24 operating in the fluld circulating path
within the container. The vanes 24 are movable
or pivotable so that their angle of attack may be
changed to vary the speed relationship between
the rotor {1 and the forward section I8 of the
compressor A. The means for adjusting the
angle of attack of the vanes 24 to control opera-
tion of the drum section I8 will be subsequently
described In connection with the other controls
of the invention.

The high pressure axial flow compressor B
comprises -an outer casing 25 continuing rear-
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5
wardly from the casing (0 and an inner casing
48 spaced within theé outer casing. A rotor 28
of rearwardly increasing diameter is. arranged in
the casing 26 and is supported for rotation inde-
pendently of the rotor | of the compressor A.
A spider 29 is secured between the casings 10 and
25, and a similar spider 30 is provided at the rear
end of the casing 28. Suitable bearings 31 and

somewhat convergent at its rear end. The con-
vergent rear portion B8 of the pipe 8T .discharges
into what I will term the augmenter 60 of the pro-
pulsive nozzle (not shown). The augmenter 80

is a tubular member larger in diameter than the
convergent pipe xgortion 88, and its forward end is

. spaced from the pipe to leave a rather narrow

32 journal the ends of the rotor 28 in the spiders. .

Rows of blades 33 on the rotor 28 operate he-
tween rows of stator blades 34 on the inner cas-
ing 28. f

The rotor 28 of the high pressure axial flow
compressor B is driven at a greater velocity than
the rotor ff{ of the low pressure compressor A,
there being a speed reducing gearing between the
rotors for effecting this speed differential. The
gearing includes a beveled drive gear 35 on the
forward end of the rotor 28 and one or more
pinion clusters 37 carried by right-angled shafts
36. The driving gear 385 meshes with the large
diameter pinions of the clusters 37 and the small
diameter pinions of the clusters mesh with a
driven gear 38 fixed on the rear end of the low
pressure compressor rotor |1,

The low pressure axial flow compressor A has
an annular rearwardly extending discharge duct
40 and the high pressure compressor B has an
annular iplet 4§ of considerably smaller diam-
eter. The compressed air from the low pressure
compressor A is directed or conducted from the
duct 40 to the inlet 41 of the compressor B by
an annular passage 42 which extends rearwardly
and inwardly from the duct 40 and then inwardly
and forwardly to the inlet 41 of compressor B.
The intercooler of the invention is arranged in
or across _this passage 42, as will be later de-
scribed in more detail. A plurality of direction-
changing guides or vanes 8 is provided in the
passage 42. ‘ )

The coinbustion chamber C includes a tubular
frusto-conical casing 43 extending rearwardly
from the.casing 25 and the casing 44 of the
turbine D, in turn, c¢onstitutes a eylindrical rear-
weard exteénsion of the casing #8. An annular
shroud 45 is supported in spaced concentric re-
lation within the casing 43 by the spider 30 and
& nozzle ring #46. The casing 43 and the shroud
45 together define an annular combustion space
47. An annular passage 48 connects the dis-
charge of the high pressure compressor B with
the space 47 to deliver the compressed air there-
to. A plurality of spaced nozzles 49 is arranged
in the forward portion of the combustion space
for disgharging a suitable fuel or fuel mixture
therein.’ The nozzles 49 are carried by an annu-
lar supply manifold §0, which in turn is supplied
with fge]l by a pipe 51. One or more igniting
plugs enter the combustion space 47 to ini-
tiate cpinbustion of the fuel and air mixture
therein.’ ,

The %urbine D includes a rotor 83 rotatable
within the casing 44 and fixed on a central shaft
84. The shaft 54 is journaled in the shroud 45
and the spider 30, and is secured to the rotor 28
of the'high pressure compressor B to drive the
same. The rotor 83 is of conoidal configuration
and carries rows of axial flow buckets 5§ oper-
ating between rows of intermediate turbine blades
58 on the casing 44. The gases of combustion
and the heated uneonsumed compressed air
which drive the turbine D are conveyed rear-
wardly from the expansion zone of the turbine by
a duct or pipe 51. 'This tail pipe §7 may be annu-
lar or circular in transverse cross section, and is

1o
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annular passage 59 for admitting external air to
the stream of exhausting gases. The augmenter
80 has & flared annular apron 9 on its forward end
joining a tubular shioud §f. The shroud 8! sur-
rounds the power plant with clearance leaving an
annular air passage 82 for conducting air to the
augmenter passage §8. The shroud €| may re-
ceive air from any selected source. For example,
it may be open at its forward end to receive ram
air. In any event, there is a rearward flow of air
through the passage 62 as indicated by the arrow
in Figure 2. ‘ :

The intercooler E of the invention is arranged
in the path of the compressed air passing from
the low speed compressor A to the high speed
compressor B. It is housed within the casing 28,
being located in the forward portion of the annu-
lar space between the two concentric casings 285
and 28. Where the compressor casings 25 and 28
are circular in cross section, the intercooler E is
preferably of a similar configuration. As best
shown in Figure 1, the intercooler E is pro-
portioned so as to be spaced from the opposing
concentric walls of the two casings and to inter-
sect the above described air passage 42 by extend-

"ing axially therethrough. In accordance  with
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the invention, the intetrcooler E is comprised of a

5 multiplicity of like or identical assemblies, each

broviding an extended tortuous passage for the
cooling medium and a plurality of fiow paths for
the compressed air. These are the assemblies
which I have hereinabove referred to as sand-
wiches, and each includes a pair of tube sheets 85;
see Figures 5, 8 and 9. -The tube sheets 65 are
formed of thin sheet metal such as beryllium
copper and are elongate rectangular members.
Integral ears or legs 86 project axially or rear-
wardly from each rear corner to each sheet.
Each tube sheet 65 is pressed or formed to have a
continuous uninterrupted serpentine surface
groove or channel 68. The channel 88 of each
sheet 88 has its beginning at the extremity of one
leg 66, and its terminus at the extremity of the
other leg. Each channel 68, between these two
points or ends, constitutes a series of closely
spaced parallel runs or passes connected by bends
61, as shown in Figure 8. The elongate passes

= and bends of the channels 88 are broad and rela-

tively shallow as shown in Figure 5, whereas the
portions of the chanpels in the legs 86 are sub-
stantially semi-circular in cross section. The
lands or portions of the sheets 85 between the
runs of the channels §8 are flat, as are the mar-
ginal parts of the sheets. The two sheets are ar-
ranged back-to-back to have their respective
channels 68 in mating communication, and are
then furnace brazed together so that the two
channels form a continuous fluid path or passage
closed to the atmosphere except at its opposite
ends. To facilitate a uniform brazed bond or
connection betwe.a the sheets 68, it is preferred
to arrange a thin perforate sheet 8 of silver solder,
such as shown in Figure T, between the sheets to
brepare them for the brazing. Instead of the
perforated sheet 9 such as shown in Figure 7, it
may be preferred to cut out an extremely thin
sheet of silver solder to conform to the lands or
flat surfaces of the sheets 85. It has been found
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that the thin silver solder sheet 8§ assures a uni-
form bond between the fube sheets $5 without
clogging or reducing the capacity of the channel
68. Subsequent to the brazing together of the
tube plates 85, the plates are thoroughly cleansed,
both internally and externally, to remove the ex-
cess flux and oxides.

Each sandwich assembly of the intercooler E
further includes one or more fin sheets 10 at
each side of the pair of brazed together tube
sheets 65. In the preferred construction illus-
trated there are two fin sheets 170 at each side of
the tube sheets. The fin sheets 70 are rectangular
parts of approximately the same dimensions as
the tube sheets 88, and are preferably formed of
copper or other material having high thermal
conductivity. The sheets 10 are identical and
each is formed with a plurality of adjacent paral-
lel generally U-shaped grooves 1i. The grooves
11 are in close equally spaced relation so that the
sheets 10 are in effect corrugated. The grooves
or corrugations 11 extend transversely of the
sheets; that is, they extend from one longitu-
dinal edge to the other of each sheet. The grooves
or corrugations 74 define the air paths through
the core of the intercooler, While in some ap-
plications the corrugations 71 may be straight,
it is preferred in the present case to make them

10

15

20

25

angular or substantially chevron shaped in plan -

view, to keep the air flow therethrough within the
turbulent range, and thus obtain a high order of
heat transfer between the air and the coolant.
The angular configuration of the channels or cor-
rugations 71 also desirably increases the area of
“contact” of the coolant flow in the passages 68
and the air flow in the corrugations. Further-
more, in the particular core installation shown
in Pigure 1, the air enters and leaves the faces of
the core at an acute angle due to the shape of air
flow passages surrounding the intercooler E. The
chevron shape of the corrugations 71 is biased in
the direction of these acute angles to keep pres-
sure drop losses to & minimum as the air enters
or leaves the core faces.

As shown in Figures 4 and 5, the fin sheets 10
at opposite sides of the assembled tube sheets 65
are secured directly to the tube sheets so that
the corrugations 1i on their inner sides have
their open faces or sides closed by the opposing

tube sheets 5. Where there are two fin sheets :

710 at each side of the assembled tube sheets €8,
a flat plain sheet T2 of copper, or other material
of high thermal conductivity, is arranged be-
tween each pair of adjacent fin sheets to separate
the opposing corrugations or air paths of the two
fin sheets. The fin sheets 10 are furnace brazed

30
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other members. of the multi-layer assemblies.
The plain cuter sheets 74 are on corresponding
faces of the sandwiches and thus close off the
sides of the air passages or corrugaftions on the
adjoining sandwiches. As best illustrated in Fig~
ure 8, each sandwich assembly of the intercooler
is slightly tapered or “keystone’” shaped so that
when the plurality of sandwiches are assembled
one against the other they constitute an annular
structure of circular cross section. Following the
several brazing operations, each sandwich is sub-
jected to a pickle bath or wash. ﬁo remove the
flux and oxides. 2

Simple and highly effective means are provid-
ed for mounting and supporting the above de-
scribed multi-layer assemblies or sandwiches so
as to constitute the core of the intercooler. These
means include an annular supporting member 78
arranged at the forward end of the intercooler.
The member 15 is preferably formed of channel
stock and is positioned so that its broad web faces
rearwardly. The forward ends of the multi-layer
assemblies or sandwiches are engaged agalnst the
member 18 and are secured thereto by rivets
76. There is a tubular rivet 7 secured to the
peair of tube plates 65 of each sandwich, The
shanks of the rivets are split at 11 as shown in
Pigure 13 to straddie the plates 65 and are silver
soldered to the plates. The rivets 18 are engaged
through openings in the annuiar support 15 and
are then headed up or spun over fo attach the
sandwiches to the member.

The above described legs 86 are utilized to sup-
port or carry the rear ends of the intercooler
assemblies. A pair of spaced concentric header
pipes 18 and 19 is positioned at the rear of the
intercooler. The inner annular pipe 78 is pro-
vided to distribute the eutectic or coolant to the
tubes 68 and the outer pipe T9 serves to carry
the cooling medium from the several tubes. The
legs 66 engage against the spaced pipes and have
extensions 80 of reduced diameter communicat-
ing with openings 81 in the walls of the tubes.
The extensions 80 are silver soldered to the pipes
18 and 18 to provide fluid-tight seals around the
openings 81 and to secure the rear end of the
intercooler assembly to the supporting pipes.
With the construction “just described, the rear
end of the intercooler core is dependably sup-
ported on the manifold tubes or pipes 78 and 18.
In the event of clogging or leaking of one of
the sandwiches, the rivet 76 supporting the for-

" ward end of that sandwich is drilled out or its

to the tube sheets 85 and the separator sheets

12 and fin sheets are also furnace brazed together.
Extremely thin sheets of silver solder, similar to
the sheet illustrated in Figure 7, are interposed
between the several sheets 71 and 12 to obtain
dependable uniform brazed connections. Instead
of using the perforated silver solder shéets,
it may be preferred to employ silver solder sheets
cut out to correspond with the abutting cofru-
gated lands.

As mentioned above, the several sandwich as-
semblies of the intercooler are arranged one
against the other in an annular series to make up
the intercooler core. In order to divide or sep-
arate the air channels on the ocuter faces of the
adjacent sandwiches, I provide a sheet 74 on one
side face of each sandwich. The sheets 14 are
suitably brazed on the lands of the outer corru-
gated fin sheets 70 in the same manner as the

(i1]

head is removed and the extensions 8¢ at the
rear end of the sandwich are disengaged from
the openings 81. This frees the defective sand-
wich for removal and replacement. It will be
noted that restriction or clogging of one or more
sandwich passages 68 does not interfere with
the free flow of cooling medium through the

. other passages §8.

The system F for supplying the cooling medium
to the intercooler E is thermostatically controlled
to respond to the temperature of the compressed
air at the downstream side of the intercooler.
The system includes a reservoir 83 for the liquid
cooling medium and a conduit 84 leading from
the reservoir. The reservoir may he suitably
located at the exterior of the power pilant. A
suitable pump 85 is interposed in the conduit 84
and "is operable to supply the liquid cooling
medium to the intercooler at a substantial pres-
sure. The pump 85 is preferably moupted on
the exterior of the compressor casing (0—28
and is preferably of the vane type design to oper-
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ate at high velocities. It is preferred to drive
the pump 88 by one of the radial shafts 38 so that
its rate of operation is proportionai to the power
- plant speed. :

The system F' further.includes a pipe 88 for
carrying the cooling medium from the annular

9,675,688

manifold 79. In practice it is preferred to lead .
both the pipes 84 and 86 to a multiple flow mani~

fold 81. The manifold 87 is bolted or otherwise
secured to the wall of the casing 28, and has.a

passage 88 which recelves the lquid cooling -

medium from the line 84, and which directs 1t
- radially inward to & conduit 84’ leading to the
manifold pipe 18. The flow manifold 87 also has
& passage 889 having a vertical arm which com-
municates with the pipe 88 and a horizontal arm
communicating with a pipe 98 for conducting
the coolant rearwardly at the exterior of the

power blant to a radiator G. A pipe 81 returns
from the radiator G to the flow manifold 87

where it communicates with a passage 92. A pipe
83 extends from the passage 92 to the reservoir
83 to complete the cycle or path of the coolaht
flow. The details of the radiator G will be subse-
quently described.

The system F further includes a by-pass valve

10 :
tion with a pipe or conduit 188, An inner tube
110 is spaced within the outer tube in concentric
relation thereto and has one end anchored at
the cap 107. A member 1 is fixed in the end
of the tube 110 and has a shoulder 112 oppos-
ing the end wall of the cap 107. A nut (13 is
threaded on the member {{f to cooperate with
the outer end of the cap. Shims 114 are engaged .
between the shoulder 112 and the inner end
surface of the cap. It wil] be seen that upon
adjustment of the nut {13 and shims (4 the
tube (10 may be adjusted longitudinally with .
respect to the outer tube 108. The inner tube ;
110 is unrestrained and free for longitudinal
thermal expansion and contraction throughout
its length except at its point of attachment to

the member {if. The inner and outer tubes
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95 in the manifold 87 and a thermostatic control -

for the valve. As best shown in Figure 10, the
valve 95 is of the poppet type and controls a port
98 which connects the above mentioned passages
89 and 82. The by-pass port 96 is of substan-
tial capacity and is located so that there is always
a maximum circulation of coolant through'the
intercooler E to insure a uniform temperafure
distribution at the entrance of the high speed
compressor B. The valve 98 which is adapted

to cooperate with a seat on the wall of the pas-

sage 92 to control the port 96, is actuated by a
pneumatic cylinder and piston mechanism. This
mechanism which is- mounted on the manifold
81, includes a cylinder 87 and & piston 98 oper-
ating in the cylinder. A head or spider 99 is
arranged across the inner end of the cylinder

and has a tubular guide 100 extending across the .

passage 82. An atmospheric bleed 200 communi-
cates with the inner end of the cylinder 91. The
valve 95 preferably has an elongate socket 101
slidably receiving the guide 100 to provide a desir-
able dashpot action and to direct-the valve. A
valve operating rod 102 slidably passes through
the guide 100 and has its inner end attached to
the valve 85. The outer end of the rod is secured
to the piston 98. A light compression spring (03
urges the piston 98 outwardly and therefore urges
the valve 95 toward the open position. A rod 104
_on the outer end of the. piston is adapted to
extend from the cylinder 87 to indicate the.posi~
tion of the valve 85. It is to be observed that
the pump 85 and valve 85 are related in the
system F so that there is a full circulation of
coolant through the intercooler E, even when
the valve is in the closed or partially closed posi-
tion, ‘ '
A thermostatic or temperature sensitive means
is provided to control the cylinder and piston
mechanism just described. The temperature
sensitive means is arranged in the passage 42
at the downstream side of the intercooler E, being
supported by a suitable bracket 105 on the sup-
port member 15. The thermostatic means in-
cludes an elongate outer tube 1068 supported at
one end by the bracket {08 and having a cap {07
brazed or otherwise fixed to the same end. A
tubular valve fitting (08 is fixed to the other
end of the outer tube 106 and has communica-
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{10 and . 106 are formed of metals having dis-
similar coefficients of thermal expansion and
the relative movement between the tubes, result-
ing: from variations in the temperature of the
compressed air flowing through the passage #2,
is utilized to control a valve, which in turn
governs the above described piston 38. In prac-
tice, the outer tube (08 may be formed of Dural
while the inner tube 110 is formed of Invar
steel. "It will be noted that the thermostat
extends transversely across the passage 42 to
respond to the average temperature of the com-
pressed air flowing therethrough.

" I employ the air under pressure in the passage

42 to operate the valve actuating piston 98. A

port {18 in the member { [ carries this air under
pressure into the inner tube (10. The inner tube
110, is provided at its free or unsupported end
with an inner valve member 116 which slidably
engages in the bore of the above mentioned valve
fitting 108. The inner valve member (1§ has s
central port 1T communicating with the interior
of the inner tube 110. 1t is desirable to filter or
screen the air under pressure being supplied to
the cylinder 87, and it is also important to dis-
tribute the air flow through the tube assembly
to obtain a uniform heat distribution in the tem-
perature sensitive device. Accordingly an elon-

‘eate tubular metal screen 118 has one end an-

chored on the member {1{ and has its other end
secured in the port 117 to extend longitudinally
through the inner tube 110 and to “screen” the
air under pressure supplied to the port (1T. The
valve means of the temperature responsive unit
includes ‘a series of annular grooves f{9 in the
periphery of the inner valve member (16 and a
similar set of annular grooves 120 in the internal
wall of fitting (08. The grooves 118 and 120 are
related so as to move into and out of communi-
cation when an increase or decrease in the tem-
perature of the air flowing through the passage 42
results in relative movement between the tubes
106 and 110. Radial ports 121 in the wall of the
valve member {(6 maintain the port {i7 in com-
munication with the grooves 119. One or more
axial ports 122 in the fitting 108 maintain the
grooves 120 in communication with the conduit
103. The conduit 109 extends to the upper end of
the cylinder 97 to carry the actuating air under
pressure to the piston 98. With the parts in the
positions illustrated in Figure 11, the air pressure
surply to the cylinder 87 is cut off and the spring
103 urges the valve 95 to the open position. This
is the condlition of the parts when the tempera-
ture of the air leaving the downstream side of
the intercooler E is below a selected or predeter-
mined value. Tt is to be understood that there
is a slicht leakage of air pressure past or
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around the. piston $8 to permit movement of the
piston by the spring 103 when the valve parts
of the thermostatic means are in the position
of Figure 11, When the valve 85 is thus moved
to an open position, the liguid cooling medium
is free to flow from the passage 89 to the passage

' 82. Thus a substantial portion of the coolant by-

passes the radiator G, or at least is not circulated

through the radiator. As a result, the tempera-

ture of the coolant increases and the tempera-
ture of the air under pressure flowing through
the passage #2 ircreases. When the temperature
of the air in fhe passage 42 reaches a given value,
the relative movement between the tubes 136 and
{10 brings the grooves §19 into communication
with the grooves (20, and air under pressure is
again supplied to the cylinder 31. The air pres-
sure acting on the piston 88 moves the valve 98
toward the closed position, and thus restricts or
cuts off the flow of the cooling medium through
the by-pass port 96. As g result of this, a greater
proportion of the cooling medium is circulated
through the radiator G and a greater exchange
of heat occurs at the intercooler E to reduce the
temperature of the air flowing through the inter-
cooler. From the above it will be seen that the
intercooler E and the control system F opersate
to maintain the temperature of the air flowing
between the compressors A and B substantially
constant, and therefore assist in preserving a
generally isothermal condition in the working cir-
cuit of the power plant. :

In accordance with the invention, any suitable
form of radiator may be employed to extract the
unwanted heat from the cooling medium subse-
quent to its passage through the interccoler E.
In the drawings I have stiown a preferred radia-
tor G arranged to utilize the air flow in the shroud
&1 to reduce the temperature of the cooling me-
dium; the heat thus removed being restored to

" the working cycle of the power plant when the

air from the shroud 61 is introduced through the
augmenter passage 89. The radiator G includes
an annular apron.or wall 136 surrounding the
above described pipe §1. The wall 130 is spaced
forwardly from the apron 9 and is flared soas to
be substantially parallel with the apron. A
stepped jacket {31 is associated with the wall 130.
The jacket has a plurality of annular gradations

or steps engaged with the face of the sloping wall :

130 to define a plurality of annular spaces 132.
The radiator further comprises a plurality of U
flow tubes 133. There is a series of tubes 133 hav-
ing their receiving ends in communication with
the innermost annular space 132, This series of
tubes 133 extends axially to the apron 9 where
they are supported in opénings therein and then
return axially or forwardly to discharge into the
succeeding annular space 132, Annular series of
the return or U flow tubes {33 extend between
and connect each successive pair of adjacent fluid
spaces 132. Heat radiating fins (36 are associ-
ated with the tubes 133 to assist in the dissipa-
tion of the heat from the coolant. The fins may
be arranged in generally parallel relation with
the apron ¢ and assist in directing the air from
the.passage 62 to the augmenter passage B59.
The cooling medium, raised in temperature
during its passage through the intercooler, flows
through the passage 89 and communicating pipe
80 to the innermost annular space 132, The lig-
uid then progressively flows through the succes-

10

15

20

25

A 12
81, which in turn conveys it to the passage 82 of
the manifold 87. It will be apparent how the
liquid cooling medium circulated through the
successive series of tubes 133 is effectively cooled -

‘before it is re-cycled through the intercooler E.

The heat extracted from the coolant by the air
flowing through the radiator G is restored to the
working stream of the power plant by the air en-
tering the augmenter passage 89 to become com-
mingled with the main stream of the exhausting
working fluld, It will be observed that the system
F and the associated radiator G constitute a
closed system which is automatically controlled
by the temperature responsive means to main-
tain a substantially isothermsal condition in the
compressed air supply phase of the power plant
cycle to materially aid in preserving a high over-
all efficlency, even under varying load conditions
and where the altitude and temperature of the
ambient air vary greatly. '

‘As mentioned above, the speed of the floating
drum section {8 of the compressor A is controlled
with respect to the speed of the main rotor i to
compensate for variations in the air pressure at
the inlet spider 14, such variations resulting from -
changes in the speed of the aircraft, altitude and

.-general ambient atmospheric conditions. The
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variable speed hydraulic drive 21 between the
rotor {{ and the forward drum section (8 of the
compressor A is regulated by varying the pitch
or effective angle of the vanes 24. The means
for regulating the hydraulic drive includes an
aneroid 137 responsive {o the pressure in the
passage 42 which leads from the discharge of the
compressor A to the inlet of compressor B. As
{llustrated in Pigure 12, the aneroid 137 is con-
tained within a capsule or chamber (38 which is
maintained in communication with the com- -
pressed air passage 42 by a duct 139. The action
of the aneroid (37 is modulated by a second
aneroid 140 arranged where it is subjected to the
ambient atmospheric pressure. In the case illus-
trated, a stem or rod i4i connects the active dia-
phragms of the aneroids 137 and 140 so that the

5 anercid 140 acts in opposition to the anerold 137.

The aneroid (37 regulates a fluld pressure con-
trol system which in turn governs the vanes 24
of the variable speed hydraulic coupling 2 {. This
system includes a cylinder 142 adjacent each vane
24 and & piston or plunger I43 movable in each

-eylinder to act on the shaft {44 of the adjacent

vane 24, The plungers {43 are operable to rotate
or turn their respective vanes 24. Lines {48
extend from the cylinders {42 to a fluid pressure
line (46. The line {£6 handles a suitable liquid;
for example, a hydraulic fluid, and cycles the
liquid from & reservoir {47 to adjacent the aner-
oid 137 and then back to the reservolr, A pump
{48 circulates the liquid through the line {48
under a suitable pressure and may be driven by
one of the radial shafts 138 of the power plant.
The above mentioned stem (£ of the aneroid {37
acts as a valve to control the pressure in the iine
{48 and therefore, in the cylinders 142. 'The stem

5 141 passes through a valve fitting i50 in the line

148 and has a transverse port or groove {8{ for

_cooperating with the fitting to control the flow

~ through the line. The construction is such that-

upon the development of excessive air pressure

70 in the passage 42, the aneroid 13T is partially

sive series of tubes 133 to ultimately reach the . ’

outer space 132. A passage {35 conducts the lig-
uid from this outermost space 132 to the pipe

5

compressed to move the stem (41 and thereby
cause the fluld pressure in the line {46 and cylin-
ders (42 to gradually disengage the hydraulic
drive or clutch 2. Conversely, a deficient pres-
sure in the passage #2 results in a gradusal engage-
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ment or inereased drive through the hydrsulic
clutch mechanism 21 connecting the rotor (f and
drum.section 8. Foreach given altitude there is
& preferred pressure to be established in the pas-
sage 42. The action of the aneroid 137 in con-
trolling the hydraulic coupling, increases  the
pressure in the passage 42 at the Jower altitudes
and decreases this pressure at the higher alti-

tudes. A pipe 158 connects spaced portions of -

the line {48 so &s to be in by-passing relation to
the valve 181 and a pressure relief or constant
pressure valve (58 is connected in this by-pass.
The aneroid control system just described is op-
erable to vary the rotative speeds of the forward
section I8 of the compressor A from between 5,000
and 8,000 R. P. M. in & typical instance to main-
tain a constant proportional ratio between the
inducted alr weight and the flow rate of alr for
each altitude. N
The meain rotors (i, 28 and 53 of the power
plant are operated at a generally constant rota-
tive speed. The described control system incor-
porating devices for temperature and pressure
regulation of the air, affecting density according
to Boyle’s law and Charles’ law, provides a sub-
stantially constant volumetric flow of air to these
rotors, at different altitudes and translational
speeds of the flight vehicle, whereby design Q/N
which is the ratio of volumetric flow to rotative
speed, is maintained constant for high power
plant efficiency. .
Having described only a typical form of the
invention, I do not wish to be limited to the spe-
cific details herein set forth, but wish to reserve
to myself any variations or modifications that
may appear to those skilled in the art and/or fall
within the scope of the following claims.
I claim: .
1. In an aircraft power plant having a com-
bustion chamber the combination of; a multl-
-stage compressor for supplying compressed air to
the combustion chamber, and control means for
maintaining substantially constant conditions of
the working fiuid of the power plant at interme-
diate points in the internal flow system of the
power plant during variations of imposed altitude
pressure and temperature, said control means in-
cluding an intercooler in the path of the air
flowing between the stages of the compressor, 8
radiator, a system for circulating a cooling me-

dium through the intercooler and radiator, ther- *

mostatic means sensitive to the temperature of
the compressed air at the downstream side of
the intercooler for regulating the flow of cooling
medium through sald system to vary the rate of
heat absorption of the intercooler, a compressor
rotor at the inlet of said- compressor, a variable
speed drive for said rotor, and means responsive
to the pressure in said flow path for controlling
said variable speed drive. o

2. In an aireraft power plant; the combination
of s multi-stage air compressor including a com-
pressor stage having an annular discharge pas-
sage, another compressor stage having an annu-
1ar air receiving passage, and having a third an-
nular passage connecting said discharge and re-
cefving passages, an annular intercooler in said
third passage to be in the path of the air flowing
between said stages, a radiator, a system for cir-
culating a cooling medium through the inter-
cooler and radiator to absorb heat from the air at
the intercooler and to reject the heat at the radi-
ator, and means for controlling the flow of cool-
ing medium through said system to govern the
heat absorption rate of the intercooler including

. 2,575,888
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a temperature responsive device arranged in said

third passage at the downstream side of the

intercooler. . . ‘ .

3. In an aircraft power plant, a multi-stage air

5 .compressor, an intercooler arranged in the path
of the air flowing between the stages of the com-
pressor, a radiator, a conduit system for circulat-
ing a cooling medium through said intercooler
and radiator, sald system having a by-pass for
by-passing sald medium around the radiator,
valve means for the by-pass for regulating the
flow of said medium through said radiator, and -
means sensitive to the temperature of the com-
pressed alr at the downstream side of the inter-
cooler for controlling said valve means. - .

- 4, In an aireraft power plant, a-multi-stage air
compressor including. axially aligned axial flow
compressor stages and an annular air flow pas-
sage connecting said stages, an annular inter-
cooler arranged in said passage to be in the path
of the air flowing betwegn the stages of the com-
pressor, a radiator, & condult system for circulat-
ing a cooling medium through said intercooler
and radiator, said system having a by-pass for
by-passing said medium around the radiator, & -
valve for controlling the by-pass, and means

-‘gensitive to the temperature of the compressed
air in sald passage at the downstream side of

the intercooler for regulating the valve.

5. In an aircraft power plant, a multi-stage
air compressor, an intercooler arranged in the
path of the air flowing between the stages of the
compressor, a radiator, a conduit system for cir-
culating a cooling medium through said inter-
cooler and radiator, said system having a by-
pass for by-passing said medium around the
radiator, a fluid pressure actuated valve means
for controlling the by-pass, and thermostatic
means sensitive to the temperature of the air at
the downstream side of the intercooler for gov-
erning the application of air compressed by said
compressor to said valve to regulate the same.

6. In an aircraft power plant, & multi-stage air
compressor, an intercooler arranged in the path
of the air flowing between the stages of the com-
pressor, s radiator, a conduit system for circulat-
ing a cooling medium through said intercooler
and radiator, said system having a by-pass for
by-passing said medium around the radiator, a
valve for controlling the by-pass, a piston for
‘operating the valve, a system for delivering air
compressed by said compressor to the piston to
actuate the same, and thermostatic meang affect-
ed by the temperature of the compressed air
55 at the downstream side of the intercooler for

regulating the delivery of the actuating com-

pressed air to the piston.

7. In &n aircraft power plant, a multi-stage
air compressor, an intercooler arranged in the

60 path of the air flowing between the stages of the
compressor, s radiator, a conduit system for cir-
culating a cooling medium through said inter-
cooler and radiator, sald system having a by-pass
for by-passing said medium around the radiator,

65 a valve controlling the by-pass, a cylinder and
piston device for operating the valve, a line for
carrying compressed air compressed by the com-~
pressor to said device to operate the same, and
thermostatic means responsive to the tempera«

70 ture of the compressed air for controlling said

“line.

8. In a power plant having a gas turbine with
an exhaust' pipe and an augmenter passage
around the exhaust pipe, the combination of a

75 first stage compressor, a gsecond stage compressor,
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An air passage between and directly connecting
said compressors, an intercooler arranged across
said passage for absorbing heat from the com-
‘pressed air flowing from the first stage compres-
sor to the second stage compressar, a duct for
- carrying atmospheric atr to the augmenter pas-
sage, a radiator in the augmenter passage to be

in the path of sald atmospheric air, a system for

circulating a cooling medium through the inter-
cooler and radiator, and thermostatic means
sensitive to the temperature of the compressed
alr at the downstream side of the intercooler for
regulating the flow of cooling medium through
_the radiator. ' . E

" 8. In a power plant, a first compressor having
a.main rotor, and a separate rotor section at its
inlet, a second compressor, means for driving the
.second compressor and the main rotor of the first
-compressor, a variable speed drive for said rotor
.section, an intercooler in the air flow path be-
tween said compressors, means sensitive to the
femperature of the compressed air in sald flow
-path for adjusting the heat absorption rate .of
he intercooler, and means sensitive to the pres-
. .sure .of the air in said flow path for controlling
.5aid variable speed drive.

10. In a power plant, a first compressor hav-
ing & main rotor, and a separate rotor section
at its inlet, a second compressor, means for driv-
ing the second compressor and the main rotor
of the first compressor, a variable speed drive for
said rotor section, an intercooler in the air flow
path between sald ecompressors, a coolant cir-
culating system for the intercocler, thermostatic
means sensitive to the temperature of the com-
pressed air in said flow path for controlling said
system, and means responsive to the pressure in
said flow path for controlling said variable speed
drive. :

11. Ina power plant, a multi-stage axial flow 4

- ajr compressor including an annular air flow pas-

. 8,575,683

- intercooler

10

15

20

25

30

a5

_ : 16
sage connecting- the stages theresf, an snnulsr
arranged in - said -annular passage

-to'be in the path of the air flowing between the

stages of the compressor, & radiator, a system for
circulating a cooling medium through the inter-
cooler and radiator, and means sensitive to the
temperature of the compressed air for regulating
sald system to govern the hest absorption rate
of the intercooler, said means including a ther-
mostat device extending transversely across said
air flow passage at the down stream side of the
intercooler to be sensitive to the average temper-
ature of the air flowing through said passage,
and valve means controlled by -said device for
regulating the flow of said medium to the

radiator.
NATHAN C. PRICE.
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