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Nathan C. Price, Seattle, Wash.
Application July 13, 1038, Serial No. 218,942
3 Claims. (CL 122—451)

The invention primarily relates to vapor gen-
erators for use in aircraft, for in that applica-
tion it is of the greatest importance to have
power plants which are light, compact, and effi-
cient. The invention satisfac.orily meets these
requirements and furthermore provides a type of
vapor generator which is very flexible from per-
formance standpoints and practically unaffected
by change of operational altitude.

However the suitability of the generator is not’

limited to aircraft alone. It is of value for boats,
locomotives, stationary power plants, and the like,
but in the aircrait application its advantages be-
come most fully realized.

Accordingly it is an object of the invention to
provide a vapor generator capable of extremely
high output notwithstanding the fact that the
generator is very compact, light, and efficient.

Tt is an objective to supply a type of generator
which incorporates an integral set of generation
aceessories related and constructed as to permit
extremely high rates of fluid flow to be produced
in the generation system for lightness and efii-
ciency. -

These and other allied, objectives are indicated

in the specification presented herewith and in -

which: .
Figure 1 is a section through the principal axis
of & representative form of the generator.
Figure 2 is a section through the axis of a feed
pump of the generator. I prefer to call this
mechanism a “loading pump” because it is used
to charge a second stage feed pump of special

_ form shown in section in Figure 4.
Figure 3 is a section through the impeller and

diffuser of the loading pump.

Figure 5 is‘a diagrammatic representation of
the funetional relationships of the various ele-
ments of the vapor generator.
~ Figure 6 is a chart of pressures and tempera-
tures of the combustion system of the generator.

Certain power piant auxiliaries such as the
feedwater pump, fuel pump, lubrication pump,

5 vacuum pump, and blower, ordinarily considered

to be distinct and separate from the generator
are in this instance classified as parts of the vapor
generator, for they are actually built into the
generation. . ‘

1 have stuceeeded in producing a weight ratio of
the complete steam generator of the identified

“type, below .35 Ib. weight per power plant brake

horsepower in a size suitable for a 5000 horse-
power propulsion turbine. The compaciness can
also be illustrated by actual overall dimensions.

The generator is about 24 inches in diameter and.
.about 75 inches long in the specified case.
combustion gas and vapor -

The generator air,
flow systems utilize velocities of high value. 1500
ft. per second velocity Is. representative, This
results in a very high rate of heat transfer and
in the most compact boiler structure, because the
heat transfer surfaces are made many times more
effective than in.the ordinary vapor generator.
The space required for passage of the air, gas, and
vapor is very small because of the high rate of
motion. o

In general the heat transfer surfaces of the
generator, the combustion chamber, the burner,
the air preheater, the blower, the blower diffuser,
and various other parts of the generator are con-
structed and interrelated in substantial accord-
ance with -the presentation of my copending
patent Serial No. 120,188, filed Jan. 12, 1937, and
entitled “Fluid heater.” ) .

The variation in air density with change of
aireraft operational altitude requires a variable
power for operating the boiler blower, which must
be rotated faster at the higher altitudes. In the
invention it is deemed preferable to maintain sub-
stantially constant combustion chamber pressure
regardless of altitude, at each given power plant
output. The generator. of the described type is
structurallly capable of withstanding the high
internal combustion gas pressure and the very
high rates of flow, because it is intrinsically pres-
sure resistant due to its cylindrical shape. Fuar-
thermore the flow passages are SO direct that

very high velocities may be produced without ex-

cessive flow resistance.

At sea level the pressure in the combustion
chamber may for instance be 35 lbs. per square
inch absolute st full power, and at normal oper-
ational altitude where the atmosphere density is
only a fraction of that at sea level the pressure

.in the combustion chamber is still maintained at

approximately 35 Ibs. per square irch absolute.
““The power for operating the air blower for the

boiler is largely or entirely derived from an ex-

haust gas turbine interposed between the final
gas sweep of the economizer section and the at-
mosphere. At sea )
pressure drop is sufficient for operating the tur-
bine and the remaining 10 1bs. per square-inch
pressure drop is available for forcing the gases
past the heat transfer surfaces. At altitude only
10 Ibs. per square inch pressure drop for instance
ijs again used for forcing the gases past the heat
{ransfer surfaces, which allows & relatively large
pressure drop for operating the gas turbine. Thus

1evel a 10 Ibs. per square inch -
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as the power and-blower speed requirements be-
come greater, the power avallable appropriately
Due to the large expansion through the gas

- turbine, very low flue gas temperatures, as 260°

F. for instance, are produced without necessity
for large economizer section and without large
alr preheaters. o S -

The combustion gas expansion in a turbine in-
creases the efficiency of the power plant cycle for
then the power for driving the generator acces~

" Sory components need not be derived, or at least

" not be fully derived from the main

15

( working fiuid
being generated in the boiler tube. - '
The utilizatfon of power of the gas turbine at

. the boiler combustion ‘gas outlet lkewise permits )
a high degree of working vapor regieneratlozi.' the vapor generator is composed of. two separate

20

25
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representative case at least 3200 Ibs. per square
inch pressure. Attainment of such pressure by
‘'means of & centrifugal or velocity type pump

would require a number of high speed impellers
in serles. The Viscous losses would be great and .

the efficlency of the pump low as a result. Due
to the large numbher of stages and to the high
peripheral velocity of each impellei, the water in

the pump would become considerably heated by -

-pump losses, and the water could not be heated
in the desired way by bled off working vapor
irom the turbine. Purthermore the pump would
be massive. - o

A reciprocating pump .is likewise disadvanta-
geous from size and weight standpoints.-

In.the invention the feed pumping system of

High tempeérature flue gases are then no longer but intimately related pumping elements, a first:
releaséd f: the atmosphere by virtue of high ©f the centrifugal type, and & second of the posi-

feedwater temperature (as a resuit of regenera-
tive feedwater heating) because the gases are ex-
panded and cooled in the gas turbine; after leav-
ing the economizer section. . : ‘

‘The invention furthermore eliminates the dis-
advantageous aspects of high degree feedwater

- heating by-incorporating the feedwater heater or
- heaters within the tubing of the boiler economizer

30

35

section, and not separate from the boiler, Thus
the feedwdter enters the boiler at a comparatively
low temperature and recovers heat simultaneously
from the flue gases and from the bled vapor from
an interm:diate stage of the main propulsion
turbine. o . o
This arrangement of feed water heating and
the employment of the exhaust gas turbine per-
mit regeneration and feedwater heating up to

- 850° F. for Instance, yet maintain high beiler

40

efficiency and small boller size. The regenerative
vapor cycle improves overall powerplanteﬂlcfengy
when boiler efficiency is unimpaired by its use,
and due to the amount of steam bled off from the

‘ vapor turbine at one or more portions, the actual

45

~ temperature of 1250° ¥. and pressure of 3200 1bs.

5p-

_ greatly lessened.

qauntity of outlet vapor to be condensed and
therefore the size of the vapor condensers is

Using steam as a working fiuld, an outlet vapor’
per square inch may be produced in the generator

without dificulty arising from the use of such
high temperature and pressure. The efliclency

. of theé working vapor.cycle is therefore not limited

~ helix makes it capable of

.offered to the gases as

practically by boller construction. o : :
. The use of circular fins on the economizer tube
withstanding great
pressures, and the fins increase the effective gas
swept ares for efficlent heat absorption.
economizer fins are shrouded so that the gases of
combustign must pass between the fins to remove
stagnant’ gas areas. The shrouding of the fins .
also prevents change of cross sectional flow.area
they progress-from one
loop of the tube helix to the next, reducing the

. ratio of flow resistance to heat transmission.

A further modification which Improves the ef-.

ficiency of the generator and decreases structural

weight is embodied in an arrangement for evacu-
casing

* ating the insulation space of the generator

70

by & vacuum pump, or in particular

m | ! r by the vac-"
uum pump fer the power plant cond . :
The condenser and the casing are, for instance,

' Mmaintained at about. 2-inches mercury absolute

78 circulation the feed pump must deliver in the increase in rate of discharge

pressure. The rarified air within the casing in-
sulating space is essentially non-conductive,
“Due to the high boiler working pressure and

Taa

tive displacement reciprocating plunger type,
combined to realize the advantages and none of
.the disadvantages of eack. '

In a co-pending application Serial No. 160,285

~filed August 21, 1937, and entitled “Fluid forcing
system” I have described a suitable positive dis-
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placement pump. This pump is comparatively
light and ¢ompact and capable of discharging .

Hquids at high pressure efficiently. However in
a size large enough for a 5,000 horsepower plant
-the speed of operation is limited to 1,000 revolu-
tions per minute for instance because of cavita-
tional tendencies during the admission stroke, so

~ great are the fluild accelerations involved.

Therefore I prefer to “load” this reciprocating
pump, as would be necessary with any reciprocat-
ing pump and not merely with the type de-
scribed, with lquid at about 300 pounds per

30

36

square inch from a separate high speed cen-

trifugal pump, in order to rotate the recipro-
cating pump ‘at a speed even as high as 8,000
revolutions per minute without cavitation.. The
pressure from the centrifugal pump Is effective

in preventing vacuum formation ¢r vapor forma--

tion in the positive displacement pump cylinders
during the admission stroke, and indeed is suf-
ficlent to ‘hold the pumping-plungers against
their rotating and oil pressure-adjustable actu-
ating cam so that return springs are not neces-
sary for the plungers. On account of the high
speed of operation a comparatively small re-
. ciprocating pump may then be employed, and the

utilization of the described pumping technique

affords & weight ratio of as low as .003 pound.

pump weight per power plant horsepower out-
- put in an exemplary case, with a pump efficiency

- of over 90 percent. = _

Feedwater at 300 pounds per aquére inch . pres-

40

45

55

sure is readily provided for “loading” by & small -

single .stage centrifugal pump operated between

22,000 and 45,000 revolutions per minute, for-in-

stance, although the pump eficiency is not high
under the circumstances. Because the required

pressure rise in the loading pump is not over -

about 10 percent that of the reciprocating pump
the inefficiency is .not & practical disadvantage,
.and o
preciably in the loading pump. ;
‘AS an emergency mesasure to prevent overheat-
ing in the centrifugal pump, & by-pass duct con-
trotled in opening by a thermostetic valve com-
municates. between the discharge of the pump
and the power plant working fluld exhaust con-
denser. The thermostatic valve opens at a pre-
geetl:'rmit:ed temperature of the discharged fluid,
e

saturation temperature, - a

rdinarily the feed water is not heated ap- .

65

allowing an
from the centrifugal 76 .
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" tribution to the fuel fed to the boiler, effecting a
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pump due to by-pass flow to the condenser. This
arrangement resists temperature rise in the cen-
trifugal pump, beyond the temperature setting,
and is primarily of value to prevent vapor gen-
eration by fluid friction during occasions when
the positive displacement pump is regulated

through its oil pressure operated system for ad-

justing cam angle. This function is required on
rare occasions such as when the power plant. has
been suddenly shut down to a comparatively low
output, and the resultant pressure surge tendency
in the vapor generator must be overcome by re-
sorting temporarily to unusually low feed liquid
flow.

The positive displacement pump is further
modified over the cited “fluid forcing system”
specification in regard to the method of valving
the - liquid entering and leaving the pumping
cylinders.
prevention of undue fluid frietion tending to pro-

‘duce cavitation or vapor formation, for the valve

is not operated as a result of hydraulic suction
acting upon it as is the case when ordinary

. inlet check valves are used.

A shaft extends downward from the rotating

pump- plunger drive cam, between the grouped-

parallel pumping plungers and forms a single
rotating port valve adjacent to the closed end of
the cylinders for controlling the opening be-
tween each cylinder and-the inlet and outlet
ducts of the pump.

This valving method permits one vélve to suf- .

fice for inlet and outlet. control of all cylinders
of the pump. Furthermore the rotary valve does

not involve actual metal to metal contact at the

valving ports. It is centralized by comparatively
remote -lubricated bearings permitting a small
clearance, insufficient to allow appreciable fluid
leakage, nevertheless the clearance is existent to
prevent wear or sticking. T

- The oil supply system of the generator is com~

‘bined in operative relationship with the fuel sys-
tem and feedwater supply system of the gen-

erator. .
variation of feedwater supply rate is accom-

‘plished subject to demands or conditions in the

generator by action of oil pressure upon the
driving cam of the feedwater pump to change the
cam angle gnd as a result the plunger stroke.
The control is continuous and does not at any
time interfere with the true harmonic motion

of the pumping plungers following the rotating .

cam. - The hydraulic oil supply simultaneously

_lubricates the working faces, gears, etc. of -the
Heat con- '

accessory portions of the generator.
tributed to the oil by friction is salvaged by con-

slight increase- in plant efficiency.. .
The fuel is preferably fed to the burner nozzle
at a pressure of about 250 Ibs. per square inch.
Because gear pumps are highly compact and
suitable for operation at this pressure without
objectionable slip, I prefer to use a gear pump
for the fuel as well as for the Iubricating oil
system. ) - » :
However fuel is &' poor lubricant. According-

'1y the invention combines the oil pump and the "

fuel pump structures so that gear tooth' wear
which might otherwise arise in the fuel pump
due to the inadequate lubricating qualities of

the fue is eliminated.  'The oil pump and the

fuel pump are constructed as superimposed units
with common gear shafts so that torque is
cerried through the lubricating pump gears di-
rectly to the individual fuel pump gears, slign-

This novel method cooperates in the

3

ing the latter gears rotatively. No tooth prés-

sure is delivered from one gear to thq other in -

the fuel pump as & result.

The novel arrangement of the generator in-
corporating the generation accessories such as
the blower, feed pumps, gas turbine, etc. in one
end thereof produces the most direct intercon-

nection of the flow systems, and a very rigid yet -

light structure withal. The axial shaft bearing
the gas turbine, the blower impellers, and the
driving gear for the remaining boller accessories
is rotated at high speed such as 15,000 revolu-
tions per minute at sea level, and 30,000 revolu-
tions per minute at altitude. The axial shaft
permits perfectly symmetrical diffusers to be
placed around the impellers,, and a perfectly
symmetrical turbine nozzle ring to discharge
into the turbine buckets. This increases ther-

" mal efficiency of the blowers and turbine. Also

the diffusers and the nozzle ring remain within
the bounds of the boiler casing diameter simphi-
fying boiler construction and decreasing overall
dimensions. : . .

The axial shaft is geared down to a relatively
low speed shaft, at one fourth speed for in-
stance, for the secondary feed. pump, the oil

‘pump, fuel pump, turbine speed governor, and

magneto, A powerful and compact worm gear
arrangement is provided by having the shafts
placed normal to each other. The accessories
are pancaked one on top of the other along
the slow speed shaft providing compact and

rigid interconnection, also conforming generally

to the external cylindrical form of the vapor
generator casing, and yet each accessory is read-
ily removable from the boiler without disassem-
bly thereof. '

10

15

25

30

35

The superimposition of accessories along the'

normsal shaft facilitates driving these several
units with only one gearset and with a minimum
amount of driveshaft. The 4 to 1 gear reduction

o0

is readily accomplished in small space by the

worm gearset, preferably of the cone type.

A companion gearset on the axial shaft drives
a second' normal shaft providing compact high
speed drive of 114 to 1 for instance for the load-
ing pump impeller. T
. In Pigure 1 the generator is shown in section
along its axis. Air for combustion enters' an

“inlet. | of a centrifugal blower impeller 2 for a

first stage compression and is reversed in a dif-
fuser -3 to reenter an inlet 8 of a centrifugal
-blower impeller 5 for a second stage compres-
sion. The impellers 2 and 5 are rotatively joined
to a gas turbine wheel 8 and to a drive shaft 45
along s common axis A—A of the generator.
A boiler casing 15 and a flue casing T join end

“to end to form an elongated cylinder fo support:

the diffuser 3 of the impeller 2 and & diffuser &

“easing T by means of the diffusers 3 and 6.

50

55

60

. of the impeller 5. The shaft 45 is borne in the

Compressed air from the diffuser 6 is con-. |

ducted along an annular preheater passage 18
bounded by an inner cylindrical shell {8 and an
outer cylindrical shell 11, in the ditection of
some vanes 29 of & boller end cover 28. The

65

air- reverses in direction against the cover and

passes into an axial and cylindrical combustion
chamber 34. )

“Fuel is Injected into the chamber 34 by an’
_ axial nozzle which pierces the cover 28 and cas-

ing end lid 26 thereof, and this fuel nozzle 21
forms a conical spray 30 for mixture with the
incoming air. The fuel is burned as it pro-

70
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gresses within a combustion shroud 32 bound- ' Feed liquid to be generated as working vapor
- ing the chamber 84. Adjacent to & discharge 5 is admitted at an inlet 12-of the economizer tube _
lip 33 of the shrould 32 another reversal of flow ~ 39, transferred at the outiet end of the ecorio-
takes place. The burning charge is deflected - mizer to the superheater tube 40, und heated to

5 Ifrom an end cone 24 and passes back around 1250° F. for instance. The conditioned vapor &
- the exterior of the shroud 32 and along an axial issues from the superheater tube outlet 10 to be
helical tube superheater 23, within an annular used in the main propulsion turbine, '
space 35. o - The heating of the liquid in the economizer 38

The superheater helix is constructed of spaced is abetted by a vapor filled helical tube 41 -housed

10 loops of a tube 40, but the space between the within the economizer tube 39. ‘The vapor for 10
loops is filled by a helicdl strap 31. The strap the tube 41 is extracted from an intermediate
37 is bonded to the tube 40 so that heat may expansion stage of the power plant main propul-
flow from the strap to the tube thereby increas- sion turbine. After delivery of heati to the feed
ing the. effective heat absorbing surface of the liquid, through the walls of the tube 41, the va-

15 tube. The strap therefore allows a reduction in . por becomes condensed as s result and issues as 15
the weight of the superheater and furthermore liquid from an outlet' 13 adjacent to the econo-
acts as an- excellent stiffener and support for mizer inlet 12, - IR
the tube 40 along its length preventing harmful . The. tube 41 is substantially concentric with
tube vibration. Vet the strap is able to expand- the tube 40 and the working fluid being condi- -

20 longitudinally and radially with the tube during . tioned in the economizer 38 flows within the an- 20

-~ temperature changes. Finally the combination nular passage formed between the tubes.
of the helical tube and the strap form an im- . - In Figure 2 I have shown the loading . pump in
berforate barrier to guide the gases of combus- section along its axis B—B. An accessory hous-
tion within the space 35 in the direction of a ing 52 surrounds a worm 50 of the shaft 45, for

25 boiler economizer 38. ‘ driving a gear 51 of a shaft 59. The shaft 59 25

At a region 36 of the superheater and adja- is located along the axis B—B, which is normal
cent to the lip 338 it is preferable to crowd the to the axis A—A; and is aligned in a bearing 10.
loops of the tube 40 and to eliminate the strap The shaft 59 revolves a centrifugal impeller 56
altogether at this point, for In the vicinity of . having vanes 61 for forcing the liquid from an

30 the combustion chamber outlet the gas tempera- inlet 64 through some diffuser vanes 62 into a 30
tures run relatively high and the heat pickup scroll 63. The scroll 63 is defined by a lower
of the superheater is so great af this location pump body 60 and by an upper pump body 58.
that an extension of the heatinig surface is un- Some hollow chambers 68 and 69 are provided
warranted or undesirable. At the region 36 the in the bodies for weight reduction. A labyrinth

35 loops of the tube 48 are welded together and are. 57 retained in the body 60 engages the inlet flank 35 .
welded or bonded to the edge of the cone 24. of the impeller 56 to prevent transmission of

The heat contribution of the gases of com-. pumped liquid back to the inlet 64. '
bustion  to the “economizer is accomplished by A labyrinth 35 mating with the opposite flank
benetration of the gases between some cir- of the impeller 56 and seated in the body 60 re-

40 cular transverse fins 42 of the helical tube 39 ' tards loss of pumped liquid out s leakage duct 54,-40
of the economizer 38. The gases are laterally re- The body 58 is attached to the housing 52.
strained to pass between the fins by the surround- A buffer duct 53 in the body 58 leads to the shaft
ing shell 19 and by the superheater 23 which is §9.and, separates the bearing 70 from the leakage

. Closely encompassed by the economizer 38. The duct8. The duct 53 is supplied with compressed -

45 shell 18 is corrugated to conform to the ctreular air to prevent intercontamination between the 4°
shape of the fins. The superheater 23 is also in - Jiquid in the duct 54 and the lubricant in the
effect. corrugated to conform to the peripheral bearing T0.. )
form of the fins because the strap 37 is thinner' Figure 3 is a section through the impeller and .
than the diameter of the tube 48 yet wound at diffuser ,of the loading pump of Figure 2 taken 50

50 the same pitch diameter. The tube 80 and the normal to the axis B—B. The scroll 63 dis-

- tube 39 are provided with the same helical piteh . jorees liquid under pressure to an outlet 65 for

and staggered so that the strap 37 may abut the {roncrer 1o the positive displacement feed pump.

- fins 42, . ' In Figure 4 are illustrated in section along a

The gases of combustion having swept and oo -oo b Sl oo ting second stage feed- g5
% heated the economizer next expand il a turbine water pump, the oil xliump angd the fuel pump of

g%zezigasrggst:fkeaggamgg sl;inglg ggé?:?t: stlz)?riﬁ; the generator, mounted in’tandem. Within the

wheel 8, rotate the wheel, and drive the shaft D[OUSINE 82 & worm 100 of the shaft 45 drives a-

45. The spent gases from the wheel are con- §ear 122 of a shaft 106. The Shaﬂ""'gs h?st;n
0 ducted within the casing 17, and in thermal con- :hx;sftg;c normal to the axis A—A o e 60
- tact with the diffusers 8 and 3, to an outlet flue 44. - .

" A method of cooling the wheel 8, and of cool- The gear 122 rotates a_plgnar face c?m “:3
ing a turbine bearing 25 is embodied in an air - 8bout the axis C—C by means of a proje:t r;g__r
by-pass duct 20, in a cooling space 21 adjacent 123 matmg with the cam. The cam 120 is an- o

65 to the wheel, and in a plurality of spill holes 22 of 8ularly adjustable with respect to the gear 122
the cone 24. This comprises a flow system for for regulating the stroke of some plungers {05
relatively cool air to pass from the diffuser 6 to clustered about the shaft 106 and having axes
the space 35. During its passage the air absorbs parallel to the axis C—C. Some pivotal segments

.. heat from the wheel and the bearing by thermal 12! transmit thrust from the wobbling cam to .

‘0 contact and enters the space 35 in highly heated = the plungers. - - ) 70
_condition to combine with unburned fuel par- The plungers 105 are provided with some oil
ticles which have impinged updn the cone 24. prackings £53, a seepage space 154, and some feed

Insulation of the boiler casing is accomplished lquid packings 1114 adapted to reciprocate har-
‘by evacuation of a $pace 16 bounded by the shell monically within some cylinders 113 of a pump
75 17T and the casing 15, through a vacuum duct 1{. body 114 and to effect pumping action_under in- 76
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fluence of the cam §20. A duct {{5 bleeds the
space 54, )

Feed liquid from the loading pump outlet 85

“enters a chamber 118 under pressure. The shaft

106 is projected downward within the body tia
between the pump cylinders and within a lubri-
cated bearing 112 for alignment. Adjacent to
the chamber 118 the shaft 106 is slotted to form
a liquid admission port 111 and a liquid discharge
port 116, As the shaft 106 rotates the port 111
successively connects the chamber 118 to some
of the cylinders 113 for liquid admission there-
y the port 116 registers with
the remaining cylinders to effect a vent to a dis-.
charge duct 19 for expulsion of feed liquid at
high pressurée. s
The port 116 bears fixed rotative phase rela-
tionship to the cam 120, so that some cylinders
118 are ported to the chamber 118 only while
their respective plungers are riding down the

cam and while there can be an increase of volume .

in these cylinders as these plungers -follow ‘ the
cam. In conformity with this arrsngement the
port 111 also is fixed rotatively with respect t0
the cam 120 so that communication between the
remaining cylinders 113 and the discharge duct

‘119 is effected only as the corresponding plung-

ers thereof rise upon the cam producing a com-
pression in these cylinders.. = -

The plyngers 166 and the segments 12§ are
held in contact with.the cam 120 as a result of
fiuid pressure in the chamber I8, which is suf-
ficlent to cause tHe plungers to follow the cam

iz larit; ed - .
0 even during its greatest angularity and spe d- parallel to the axls C—C. -

of rotation.. . .
The pump body !{4 end a cover body 136 are

attached to the housing 52. The angular trim

between the cam 20 and axis C—C is determined

" by the elevation of a wedge 107 movable by a

40

45
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55

0

hydraulic piston {50 in an internal cylinder 151
of the gear 122. The piston 150 and the cam 107
are slidable along the shaft 106. The wedge 101

“acts between the shaft 106 and the cam 120 to

vary the angle of the cam. Thus oil pressure

admitted to a groove 25 of the body 136 sup--

plies an orifice 24 passing from the external

‘surface of the gear 122 Inio the cylinder i51 to

the upper side of the piston 150. Depéending. on
the amount.of pressure produced in the cylinder,
the pistonassumes one of an infinlte number
of gositio'ns between fully raised and fully low-
ered.._ . . .. -, .

The greater the fate of oil admission to the
groove 125, the further the piston 150 is de-
pressed, lowering the wedge 161 and increasing
the angularity of the cam, thereby increasing the

output of the pump. Oil leakage past the piston -

{50 escapes intp the housing 52 where it serves

io lubricate the gears and various sliding strfaces-

contained therein. - .
Superimposed upon the cover body. (36 which
absorbs thrust of the gear 122 and of thescam

. 120, is an oil pump body 137. The shaft 106 ex-

tends upward from the gear 122 through the body
136 and the body 131. The shaft {06 rotates an

oil pumping gear 130 between the body 136 and-

the body 137.

Superimposed upon the body 137 is a lower fuel

) pump body 138 and an upper fuel pump body

70

. gear {34 between the two.

75

i39. The shaft 106 protrudes upward through

these latter‘bodies and revolves a fuel

"pumping

The shaft. 106 extends still further upward into
a chamber 141 of a body 140 attached to the top
of the body 139. Within the chamber 141 are

- B
located the governor and magneto assembly 142
uctuated by the shaft 106.

. An air gap 150 between the body 13T and the

_body 138 prevents undue heat transmission from

the oil pump to the feed pump. Elevated tem-
perature is present in the oil pump as a result of

viscous friction within the housing 52. ‘This heat .

is carried to the oil pump. Heating of the fuel
pump would tend to cause vaporization of the
fuel which is somewhat volatile. It is therefore

10

advantageous to expel the heat of the oil into -

‘the fuel, not at the fuel pump, but beyond the
‘fuel pump in a heat exchanger 2if, showr in

Figure 5, whence the heat can be carried along
a fuel duct 215 to the fuel nozzle 2T for recovery
in the vapor generator. ]

In Figure 4 some mating gears 13t are ar-
ranged about the gear 130 and mesh with the
gear 130 between the body 136 and the body 137
to -accomplish oil pumping. Tooth contact is
employed hetween the oll pump gears because oil
is g lubricant. The rotation of the mating gears
(31 is projected upward by means of some shafts

{32 extending through the body 37 and the body -
138 to some similarly arranged mating geaxs (33
of the fuel pump, which mesh with the gear 134

between the body 138 and the body 139 to accom-
plish fuel pumping. However the fuel pump
gears are constructed with .greater clearance so
as to engage without actual contact because the
fuel pump gears are guided rotatively. through

“the shaft 166 and the shafts 132 by the oil pump

gears 131.
The axes X—X and Y—Y of the shafts 132 are

" In Figure 5 a diagrammatic -representation of

the vapor generator and assoclated power plant

units is shown. = ) :
Conditioned working vapor from the generator

- outlet’ 10 passes to a high pressure turbine ‘201.

A throttle valve 208 is located in the outlet 10
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for control of the vapor supply to the turbine. -

From the tubine 201 a portion of the partially

expanded vapor passes into a low pressure tur-
bine 202 and the remainder to the regenerator
tube 41 of the generator. The turbine 20f and
the turbine 202 drive an airscrew 200 by & shaft
203. : S . .

Exhaust working vapor from the turbine 202
is conducted along a pipe.204 into & condenser
205. A feed liquid duct #80 supplies the inlet

. of the loading pump with condensed working

vapor from the condenser 205. A vRcuum pump
{10 driven by the shaft 59 of the loading pump

‘evacuates the space 16 of the generator heat in-
_sulafing casing-15 and the condenser 185. Vac-
. wum is produced in the duct It through a return-

check valve 112 and in a duct 174 communicat-
ing with the condenser 205, by & vacuum conduit

“111 of the pump I70. :
Ignition of the fuel in the combustion cham-._

ber 34 is accomplished by & spark 250 between
the burner nozzle 27 and an electrode i163. The
electrode is supplied high tension current along
o lead 162 of a magneto (42b grounded by a lead
160. The magneto 1420 and & speed. governor
142a are revolved by the shaft 106.

A by-pass duct
between the outlet 65 of the Joading. pump and
the condenser 205. A thermostatic valve 185 in

45
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55

60

{98 forms a communication

70

the duct 186 and adjacent to the outlet 65 ordi-

- narily remains closed to -prevent by-passing of

feed liquid from the loading
denser. However if the temperature

pump to the con-
n the out-

let 65 reaches a predetermined value ot 200° F.

75
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for instance, the valve 195 opens abruptly per-
mitting liguid to flow along the duct §9¢ back
into the condenser to be cooled. There is a con-
sequent cooling of the pump due to the greater
5 quantity of liquid fed te the pump along the
duct 188. : e : -

For regulation of the,pressure in the genera-’

tor combustion chamber 34 there is provided a

; - waste gate 182 for bleeding gases of combustion
10 from the nozzle ring 43. As the gate 192 is
opened gases of combustion tend to by-pass the
turbine buckets 8 and to allow reduction of the

speed of the turbine. But if the gate 192 be

closed the buckets 9 receive a greater flow of

15 gases of combustion from the nozzle ring 43 and
.the turbine speed is increased. The control of

the gate 182, subject to sensitive devices to be -

described, is therefore capable of varying blower

speed and of regulating the back pressure acting

20 upon the gases of combustion leaving the econ-
omizer. . T )

A representative method for controlling the gate

192 comprises an evacuated bellows 352 seated
within a chamber 351 of a pressure casing 353.

25 The casing 353 is connected to the combustion

chamber by a duct 350. If the combustion cham-
ber pressure tends to rise beyond a predetermined
absolute pressure valie, such as 35 pounds per
square inch for instance, the bellows 352 becomes
" 80 abruptly compressed and a link 354 extending out
of the casing 381 from the free end of the bellows
transfers the motion to the gate 192 effecting an

opening thereof, to restore the combustion cham- -

per pressure toits normal value.
36 However if the combustion chamber absolute
pressure tends {o drop below the. predetermined

normal chamber the bellows expands abruptly -

and the link 354 is thrust by the free end of the
- bellows in the opposite direction to close the gate
40 192. The closure of the gate 182 Increases the
back pressure acting upon the gases issuing from
the economizer because then ali or. more of the
gases of combustion must pass through the nozzle
ring 43 which constitutes a definite flow restriction
" 45 at any given supply pressure. The turbine is ac-
celerated by the greater rate of gas passage
through the ring 43 causing a greater pressure
rise In the generator air blowers due to the greater
operational speed thereof. The combination of
60 the increased back pressure upon the gases issuing
from the economizér, and the greater blower speed
cause s restoration of the combustion chamber

- Dbressure to the normal value, C
A second representative method for controlling
55 the gate 182, which may be described in action
" by assuming that the dotted portion of the link
354 has been removed and that the link 354 no

longer acts upon the gate 192, comprises a tie rod’

{91 from the gateto g middle pin 305 of a floating

60 link 306 having an end 304 attached to an evacu-

ated bellows 303, and an end 307 tied to the speed
governor 142a by s lever arm 190. .

Increase of operational altitude of the aircraft

tends to cause the bellows 303 to expand abhruptly

65 raising the end 304 of the link 354, and conse-

- Quently moving the rod 191 to close the gate 192,

However as the speed of the gas turbine increases

a5 & result of this closure, the speed governor 142a

-lowers the opposite end 307'tending to reduce the

0 degree of closure of the gate 182.. The points of

attachment to the link 306 are spaced in a pro-

 portionality which produces a substantially con-

stant absolute pressure in the combustion cham-

ber 34 as the bellows 303 and the governor 142a

5 compensate for change in atmospheric pressure

‘and In turbine speed, during ascent of the air-
craft.

As the aircraft descends the motion imparted
to the link 308 is reversed. due to collapse of the
bellows and due to raising of the arm 190 by the &
governor. This maintains the combustion cham-
ber ahsolute pressure substantially ¢onstant.

‘For regulation of .the working vapor output of -
the vapor generator, there is provided an adjust-
ment to the bellows 383, as also can be provided 10
on the bellows 382, to allow the control of combus-
tion chamber absolute pressure to be effected at a

- lower predetermined level, such as 25 pounds per

square inch regardless of the operational altitude -
of the aircraft. This maintenance corresponds 1
to low cruising power output at all altitudes and
provides substantially constant cruising. power.
The sdjustment embodies a threaded rod 304 sup-
porting the stationary end of the bellows 303,
‘mounted in a post 302 and rotatable by a knob 20
300, to cause a raising or lowering of the bellows

as the case may warrant. Correspondingly the
combustion chamber constant absolute pressure
control level is raised or lowered. It is obvious
that this control may be accomplished by auto- 25
matic means brought to act upon the knob 300,

as well as manual means, for conditions such as
generator working vapor pressure or speed of the
propelier 200 are avallable to effect an appropri-

-ate motor mechanism on the kneb to maintain a 30

predetermined disposition of such conditicn,

-'The vapor generator fuel flow system includes
in addition to previously identifled elements = -
supply duct 210 for feeding the fuel pumping °
gears 138 and 134, and g fuel duct 240 from the 35 .

‘gears 133 and 134 to the heat exchanger 2if.

In the oil flow system I provide an inlet duct
230 which may draw oil from a drain 210 of the
housing 52 and which supplies the oil pumping
gears 130 and 131. Theé oil is forced along a duct 40
214 to the heat exchanger 2{i. Beyond the heat
exchanger the oil may travel under pressure in
& line 212 into the housing 52. However the oil
may shunt the line 212 past & variable throttling
valve 213 Into the groove 125 for controlling the &
position of the feedwater pump cam 120 and the
liquid discharge rate of the positive lacement
pump. The means brought to act uponithe valve
213 affecting the oil flow and the generator feed
liquid flow are not shown. However it is cus- .50

-tomary in the art of boiler control to regulate*

the rate of feed liquid supply in-accordance with
& generator condition such-as pressure or tem-

perature at a region of the boiler tube.

In Figure 6 & graph of fluid pressure ordinate gy
values plotted against flow distance abscissal val- "
ues Is presented for the generator. -

It is shown by & solid line representing sea
level conditions and by a detted line representing
conditions at a pressure altitude of' 45,000 ft., 60
that combustion air for the generator is given
hyper-adiabatic compressions in the first stage
impeller and diffuser thereof followed by a tem-

_perature rise at constant pressure due to hest

exchange with flue gases sweeping the diffuser. &5
The process 1s repeated in the second stage -

blower with further hyper-adiabatic compres-

sions in the second. stage impeller and diffuser
bringing the air to about 35 Ibs. per square inch
pressure and 290° F. temperature for instance. %0
The air is then heated in the air preheater to:
about 1250° F. and is subsequently elevated to
about 4800° F.in the combusion chamber by ¢om-
bination with fuel at constant pressure.

. The gases of combustion sweep the superheater
with relatively small attendant pressure fall, but 75
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in the economizer a substantial drop of pressure
of about 10 lbs. per square inch results. In the
nozzle ring an,expansion is accomplished with
drop of gas temperature to below atmospheric
pressure. The gas temperature entering the ring
is about 800° F. At sea level the gas tempera-
ture after expansion is approximately 560° F.,
while at 45,000 ft, altitude the temperature after
expansion is about 260° F. due to the greater ex-
pansion afforded.

Within the turbine buckets there is a slight

_ recompression or further expansion as the case

20

30

may be. The initial pressure of the air entering
the generator is somewhat greater than the pres-
sure of the flue gases leaving the flue casing be-
cause air is generally supplied from a relatively
high pressure region adjacent to the aircraft, and
it is arranged to expel the gases of combustion
into a relatively low pressure region adjacent to
the aircraft. :
Because the temperature of combustion within
the boiler combustion chamber is very high, heat
resistant material, such as carborundum, may he
advantageously employed for the shroud 32 of
Figure 1. However I have found that the tem-
perature of the combustion shroud may be con-
trolled to some extent in high velocity combus-
tion chambers by special cistribution of the fuel
and air, characterized by arrangement for an
unbalanced mixture ratio either too rich or too
tean and therefore at a comparatively low tem-
perature to come in contact with the shroud. It
is for this reason unnecessary to cool the shroud
with tube convolutions containing working vapor.
In Figure 1 the spiral course of the air and fuel
flow along the combustion chamber diagram-
matically signifies that rich portions of the fuel-
air mixture are thrown centrifugally against the

“ jnner wall of the combustion chamber providing

.40

a relatively cool protective layer.

The numerical designations in the various fig-
ures of this specification are consistent through-
out. I have endeavored to deal with representa-
tive forms of the invention, for the invention may
be actually embodied in a variety of forms of sim-
ilar character. It is intended that the claims
presented herewith shall cover' these -various
forms in the broadest sense.

I claim:

1. A vapor generation system comprising 2
once-through boiler tube swept internally by va-

7

por at relatively high velocity and relatively high
pressure, said tube being enclosed within a pres-
sure-resisting casing and being swept externally
by gases of combustion at high velocity within

said casing, a gas turbine connected to said cas-.

ing, a positive displacement pump for feeling liq-
uid to said tube, & centrifugal type pump for
loading said positive displacement pump said
turbine driving said positive displacement pump
and said centrifugal type pump, a
tive to temperature of the feed liquid, and means
for said device to vary the relative rate of dis-
charge of said change-of-velecity type pump with
respect to said positive displacement pump.

2. A vapor generation system comprising a
once-through boiler tube, a combustion space for
heating said tube, a turbine operated by gases
from said space, an auxiliaries shaft operted by
said turbine, a variable discharge positive dis-
placement pump for feeding liquid to said tube, a
centrifugal type pump for feeding liquid to said
positive displacement pump, said positive dis-
placement pump and 'said centrifugal j;ype pump
being driven by said shaft, a device sensitive to
thermal conditions in said centrifugal type pump,
means for said device to vary the relative rate of
discharge of said centrifugal type pump with re-
spect to said positive displacemen{ pump, said
positive displacement pump having pumping
plungers and a hydraulic adjustment for the
stroke of said plungers, a first pumping gear set
for supplying oil to actuate said adjustment, a
second pumping gear set for supplying fuel un-
der pressure to said space, some torque shafts ex-
tending between said first and said second gear
sets and maintaining & fixed rotary phase rela-
tionship therebetween, and sald auxiliaries shaft
driving said torque shafts.

3. A flow system comprising a consumer re-
quiring varying quantities of liquid at relatively
high pressure, a positive displacement pump con-
nected to said consumer, a fluid impeller of a
type adapted tc develop fluid pressure by rota-
tional velocity connected to said pump, a liquid
supply source connected to said impeller, a con-
duit bypassing said impeller, a flow control means
in -said -conduit, ‘and a device responsive {e.tem-
perature of the liquid being discharged from said
impeller for regulating said means.

NATHAN C. PRICE.
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