EP 0 530 573 A1

Europdisches Patentamt

0’ European Patent Office

Office européen des brevets

®

@) Application number: 92113970.5

@) Date of filing: 17.08.92

@ Publication number:

0530573 A1

EUROPEAN PATENT APPLICATION

@ Int. 15 FO4D 25/04, FO4D 13/04,

FO4D 13/14

Priority: 23.08.91 US 749090

Date of publication of application:
10.03.93 Bulletin 93/10

Designated Contracting States:
DE FR GB IT NL

@ Applicant: ROCKWELL INTERNATIONAL
CORPORATION
2201 Seal Beach Boulevard, P.O. Box 4250
Seal Beach, CA 90740-8250(US)

@) Inventor: Bissell, William Roy

1103 Stoneshead Court

Westlake Village, California 91361(US)
Inventor: Stangeland, Maynard Leo
864 Valley High

Thousand Oaks, California 91362(US)

Representative: Wachtershauser, Giinter, Dr.
Tal 29
W-8000 Miinchen 2 (DE)

@ Integrated turbine and pump assembly.

@ A turbopump assembly (40) comprises first
pump section housing (42), a second pump section
housing (70), and a common rotatable shaft (51)
positioned within said housings which further define
first (43) and second pump (71) sections. The hous-
ings and rotatable shaft also define internal man-

ifolds (94,86) selectably positioned in the first pump
section and second pump section whereby said first
pump section, second pump, and internal manifolds
form an integrated turbine and dual pump configura-
tion.
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BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to high-speed
turbopump assemblies and more particularly, to an
integrated turbine and pump design whereby the
conventional design having a pump or compressor
section, a turbine section, and associated bearing
and seal components are eliminated in favor of a
unitary turbopump assembly.

2. Description of Related Art

Prior art turbomachinery provides inducer, axial
flow, and centrifugal type pumps or compressors
which are coupled to an axial or radial flow turbine
as a source of power. The pumps can be single
stage or multistage depending on the discharge
pressure or head required and the density of the
fluid being pumped. The turbines can be single
stage or multistage and can be of an impulse or
reaction type depending on the energy level avail-
able in the working fluid. The pump and turbine
can be separate units connected together by a
coupling for torque fransmission or can be moun-
ted on a common shaft. Typically, the rotor is an
assembly of numerous parts consisting of pump
inducers and impellers, turbine discs or wheels,
bearing journals and dynamic seal mating rings; all
of which are assembled together on a common
shaft through splines or curvic couplings and
preloaded together through the use of retainer nuts
and bolts to make up the rotor assembly. The
housing consists of numerous parts, including in-
lets, interstage diffusers, volutes, turbine manifolds,
nozzles, bearings, labyrinth seal, and dynamic seal;
all bolted together with the appropriate static seals
to make up the turbopump housing. The rotor
components are assembled for balancing purposes
but then must be disassembled to facilitate assem-
bly of the turbopump, resulting in relocation unbal-
ance during reassembly of the rotor.

A typical state of the art liquid hydrogen tur-
bopump, of the type discussed above, has a hous-
ing that penetrates the rotating assembly, fo a
diameter less than that of either the pump impel-
lers or the turbine rotors, at least four times be-
tween the first pump impeller and the last turbine
rotor. The reasons for these penetrations are (a)
the diffuser type utilized, (b) the pump interstage
flow path utilized, and (c) the low speed limitations
of conventional bearings and seals. As a resulf, at
least six major rofating assembly parts, and six
major housing parts, are required to permit the unit
fo be assembled and disassembled. In addition, the
large depth of the penetrations results in a rotating
assembly that is quite flexible and, therefore, is
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subject to operation in the range of several flexural
critical speeds. This large number of parts, com-
bined with the critical speed limitations, results in a
unit that is costly to assemble and maintain, and
that is difficult to operate over a wide throtiling
range. In addition, the rotational speed limitations
of the conventional bearings and seals results in a
unit that is relatively large and heavy.

For example, U. S. Patent 4,482,303 of Novem-
ber 13, 1984 provides a turbo-compressor appara-
tus having the turbine section and the compressor
section back-to-back. A stationary or non-rotating
shaft axially supported in the apparatus supports
an anti-friction bearing which, in turn, rotationally
supports a rotor assembly which has a turbine
wheel disposed within the turbine section and a
compressor impeller disposed within the compres-
sor section.

U. S. Patent 4,260,339 of April 7, 1981 defines
a turbo compressor apparatus including housing
means, rotor means housed within the housing
means, fixed shaft means, anchorage means fixed-
ly anchoring the shaft means to the housing
means, and bearing means axially and radially lo-
cating the rotor means for rotation with respect to
the shaft means.

Finally, U. S. Patent 4,255,095 of March 10,
1991 describes a turbine-pump unit characterized
in that the pump and the turbine are coupled
together at their high-pressure end.

OBJECTS OF THE INVENTION

Accordingly, it is an object of the present in-
vention to provide a simplified turbopump design
typically having a single integral rotating element
and two major housing elements plus ducting.

Another object of the present invention is to
provide a turbopump design having a very rigid
rotating element whereby flexural critical speeds
are eliminated from the operating speed range.

SUMMARY OF THE INVENTION

All of these and other objects are achieved by
the present invention which provides a turbopump
assembly consisting of a first pump section, a
second pump section, and a turbine section. The
objectives of a minimum number of parts, and a
rotating element that is free of flexural critical
speeds, are achieved by designing to minimize the
number of penetrations of the rotating element by
the stationary housing. This is accomplished by (a)
placing the centrifugal pump inlets at the ends of
the rotating element, (b) combining the bearing and
seal functions into single components that are
placed at the same diameter as the centrifugal
pump impellers, (c) placing the pump flow diffusers
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and flow collectors at diameters greater than those
of the centrifugal impellers (d) placing the turbine
rotor between the pump elements at a diameter
that approaches, or even exceeds, that of the cen-
trifugal pump impellers, and (e) integrating the tur-
bine inlet and exit manifolds and the pump inlets
and volutes into a two piece housing.

The foregoing and other objects, features and
advantages of the present invention will become
more apparent in light of the following detailed
description of the embodiments thereof as illus-
trated in the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

For the purpose of illustrating the invention,
there is shown in the drawings embodiments which
are presently preferred, it being understood, how-
ever, that the invention is not limited to the precise
arrangements shown.

Fig. 1 is a cross-sectional oblique view of a
turbopump assembly as is known in the prior
art,

Fig. 2 is an end view of a turbopump assembly
of the present invention,

Fig. 3 is a side elevational view along line 3-3 of

Fig. 2,
Fig. 4 is a cross-sectional view taken along line
4-4 of Fig. 2,

Fig. 5 is a cross-sectional view of one embodi-
ment of the turbopump assembly taken along
line 5-5 of Fig. 4,

Fig. 6 is an exploded view of the turbopump
assembly of Fig. 4,

Fig. 7 is a cross-sectional view of a turbopump
assembly having a single stage centrifugal
pump and a radial inflow turbine, utilizing the
present invention teachings.

Fig. 8 is an end view along line 8-8 of Fig. 7,
and

Fig. 9 is a cross-sectional view of a turbopump
assembly having a single stage centrifugal
pump and an axial flow turbine utilizing the
present invention teachings.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now to the drawings, wherein like
numerals indicate like elements, there is shown in
Fig. 1 a turbopump assembly constructed in accor-
dance with the prior art.

As depicted in Fig. 1, prior art turbopump as-
sembly 10 is provided with a forward three stage
pump section 12 and an aft two stage turbine
section 14. Forward pump section 12 includes a
fluid inlet 16, inducer 18, and three impeller stages
20. Common shaft 22 is associated with forward
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pump section 12 and aft turbine section 14 of
assembly 10. Aft turbine section 14 is also pro-
vided with a turbine fluid inlet 24, turbine fluid
outlet 26, turbine blades 28 and turbine disc 30.
The method of operation of turbopump assembly
10 is characterized by a functioning of the aft
turbine section 14 by the introduction of working
fluid via 24 which causes the functioning of turbine
blades 28 which in turn rotate shaft 22. Rotating
shaft 22 functions impellers 20 located on shaft 22
within the pump section 12 of assembly 10 and
induces fluid to flow via fluid inlet 16 into pump
section 12. From pump section 12, the fluid is
transported out of section 12 as shown by the
arrow at high pressure for further utilization.

With reference to the drawings, Fig. 4 depicis a
turbopump assembly constructed in accordance
with the present invention and designated generally
as 40. Turbopump assembly 40 includes a first
pump section housing 42 and a second pump
section housing 70, each of which may be made of
aluminum, fitaniam or high strength steel alloys or
a plastic material suitable for the design require-
ments of assembly 40. In addition to housings 42
and 70, assembly 40 is further provided with rotat-
ing shaft 51 as shown in Figs. 4 and 6 having a
largely cylindrical constant diameter external sur-
face.

Rotatable shaft 51 is positioned within housings
42 and 70 and in cooperation with said housings
defines a first pump 43 within first pump section
housing 42 and a second pump 71 within second
pump section housing 70 and a center turbine 50
with manifolds 94 and 86. In other words, if the
shaft and housings of Fig. 6 were joined, then as
shown in Fig. 4, the composite structure would
provide a first or forward pump 43 and an aft pump
71 having first pump section fluid inlet 44 and
second pump section inlet 72, respectively and a
center turbine 50 with an inlet manifold 86 and an
exit manifold 94.

Referring again to Fig. 4, the first or forward
pump generally designated 43 includes an inlet 44,
an inducer 46, an impeller 48, a diffuser 54, and a
volute 56. Internal manifolds 94 defined by an
internal surface 64 (see Fig. 6) of the first pump
section housing 42 and an external surface 66 of
shaft 51 embody the turbine exhaust manifolds. In
similar fashion, second pump generally designated
71 includes inlet 72, impeller 76, diffuser 78, and
volute 80. Internal manifolds 86 defined by an
internal surface 98 of the second pump housing 70
and external surface 100 of shaft 51 embody the
turbine inlet manifold 86.

By this configuration, first or forward pump 43,
second or aft pump 71, and center turbine 50 form
an integrated turbine and dual pump turbopump
configuration.
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In order for working fluid to be processed by
turbopump assembly 40, the first pump section
housing 42 includes fluid inlet 44 which directs
fluid past inducer 46 associated with forward impel-
ler hub 52 of rotating shaft 51. The forward impeller
hub 52 also includes pump impeller 48 attached
thereto. Located within first pump section housing
42 is diffuser 54. Diffuser 54 communicates with
volute collector 56 which in turn is associated with
fluid passage 58 which supplies lubricating fluid to
adjacent hydrostatic bearing/seal surfaces 59.

A forward volute discharge 60 is formed proxi-
mate volute collector 56 and via interpump cros-
sover 62 allows for fluid communication between
first pump 43 and second pump 71 defined by
housing 42, housing 70 and rotating shaft 51.

Second pump inlet 72 in the aft end of second
pump section housing 70 as shown in Fig. 4 in-
cludes impeller hub 74 of shaft 51, second pump
impeller 76, second pump diffuser 78 and second
pump volute collector 80. Fluid from volute dis-
charge 60 flows through interpump crossover 62,
into inlet 72 and second pump 71.

As will be explained in greater detail herein-
below, volute collector 80 communicates with sec-
ond pump volute discharge 82 (see Figs. 2 and 3).
The turbine inlet 84 communicates with inlet mani-
fold 86 and stationary inlet nozzle vanes 88 at-
tached to second pump section housing 70 to
supply the working fluid to the turbine rotor blades
92. A chamber 90 is defined by second pump
section housing 70 and rotating shaft 51. Within
chamber 90 as seen in Fig. 4, nozzle vanes 88 are
positioned approximate to shaft rotor blades 92
which are attached to rotating shaft 51. Chamber
90 also forms a conduit between inlet manifold 86
and the fturbine exit manifold 94 of the forward
pump housing 92. Exit manifold 94 then commu-
nicates with manifold outlet 96 (see Fig. 3) which
directs the turbine working fluid out of turbopump
assembly 40 to an end user such as a rocket
engine thrust chamber.

In operation a fluid such as liquid hydrogen is
supplied from a fuel system holding tank (not
shown) to the first pump inlet 44 and gaseous high
energy fluid is supplied to the turbine inlet 84.

The pump fluid enters the first pump section
43 through inlet duct 44, and passes into inducer
46, which enables the pump to operate at low inlet
pressure. Then, the majority of the first pump sec-
tion energy input occurs in impeller 48. The excess
kinetic energy in the flow leaving the impeller is
converted to static pressure in diffuser 54. The flow
is then collected in volute collector 56, and directed
into discharge ducts 60, which lead to pump sec-
tion flow crossover ducts 62. The crossover ducts
then merge and direct the flow into inlet 72. All of
the second pump section energy input occurs in
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impeller 76. From there, the flow situation is analo-
gous fo that at the exit to the first pump section
impeller, i.e., the flow is diffused in diffuser 78,
collected in volute collector 80, and directed into
discharge ducts 82 (which are shown in Figures 2
and 3). From there, the fluid is directed to a user
system such as a rocket propulsion system.

A portion, or all of that pump flow is returned,
after being heated by combustion and/or heat
transfer, to drive the turbine. It enters the turbine as
a moderately high temperature gas through turbine
inlet ducts 84 (see Figure 4), and passes into the
turbine inlet manifold 86. Turbine nozzle blades 88
align that flow for efficient passage through the
turbine rotor blades 92, which convert the kinetic
energy in the nozzle exit flow to a torque that
drives the two pump sections. After leaving the
rotor blades, the flow is collected in turbine exit
manifold 94, and delivered to turbine discharge
ducts 96 (see Figs. 2 and 3). From there, the flow
is delivered, depending on the engine cycle, either
to the main combustion chamber, or to a turbine
exhaust thruster.

The rotating element is supported, in the radial
direction, by combined hydrostatic bearings/seals
that are located on both sides of both impeller
exits.

In conventional turbopumps, the rotor center of
rotation is established by radial bearings and the
concentricity of the impeller shroud and interstage
seals must be maintained with respect to the bear-
ings. By combining the function of the bearings
and seals into the hydrostatic bearings located on
both sides of the impeller discharge, concentricity
control between bearings and seals is eliminated
and normal differential pressure leakage is utilized
to provide the hydrostatic bearing stiffness and
damping.

For the first pump section 43, the first of these
combined bearings is located in the radial concen-
tric space between the inducer/impeller shroud 49
and housing 42, and the second of these combined
bearings is located on the other side of impeller 48,
and is fed by flow that passes from volute collector
56 to secondary bearing supply 58. Similar com-
bined bearings support the radial loads in the sec-
ond pump section 71. The axial thrust loads are
pressure balanced by thebalance piston flow that is
delivered to the radial face outside of inducer 46
through the balance piston flow duct that passes
from second pump section volute 80 to the afore-
mentioned radial face.

With this arrangement of turbopump compo-
nents, it is apparent that the housing consists of
only three parts; first pump section housing 42,
second pump section housing 70, and pump sec-
tion crossover duct 62. The lack of housing pene-
fration into rotating element 51, to diameters less
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than those at the tips of impellers 48 and 76,
permits this great simplification. It also permits the
rotating assembly to consist of only one part. Fi-
nally, it maximizes the diameter of that rotating
assembly, thereby eliminating flexural critical
speeds from the turbopump operating range.

Alternate turbopump configurations to which
this principle is applied are illustrated in Figs. 7, 8,
and 9. These configurations differ from that of Fig.
4 in that they only have one pump section (or
stage) and, therefore, have their turbines on the
other end of the shaft rather than in the middle.
The configuration illustrated in Figs. 7 and 8 has a
radial inflow turbine, and that of Fig. 9 has an axial
flow turbine. However, both configurations utilize
the combined hydrostatic bearings and seals, and
the principle of no housing penetration to a diam-
eter of less than that of the pump impeller, to
obtain the same high degree of simplicity, and the
same resistance to critical speeds, as were ob-
tained with the configuration in Fig. 4.

Similarly, as in the turbopump assembly de-
picted in Fig. 4, the turbopump assemblies shown
in Figs. 7-9 provide an inside diameter of the
respective diffuser, collector and nozzle equal to or
greater than the turbopump impeller tip. In addition
the assemblies of Figs. 7-9, as with the embodi-
ment of Fig. 4, provide a minimum diameter, for
each assembly diffuser, collector and turbine sta-
tfors, equal to or greater than the impeller tip termi-
nus.

In this manner the turbopump assemblies
(Figs. 1-9) exhibit a housing configuration that
seletively precludes penetration by the aforemen-
tioned components into the assembly shaft of the
turbopump assemblies.

Referring to Figs. 7 and 8, fluid flow of the type
discussed above, enters the pump through inlet
100 and passes through inducer 102, which en-
ables the pump to operate at low inlet pressure.
Then, the bulk of the pump energy input fo the flow
occurs in impeller 104. Next, the flow passes into
radial diffuser 106, where the excess kinetic energy
is converted to static pressure. From there, the flow
passes into volute collector 108, which directs it
into the pump exit ducts 110.

To drive this pump, turbine drive gas enters
the turbine through turbine inlet ducts 112, and
passes into the turbine inlet manifold 114. It is
directed at radial inflow turbine rotor 118, at the
appropriate angle, by inlet nozzles 116 (see Fig. 8).
As the flow passes radially inward, rotor 118 con-
verts the kinetic energy in the drive gases into
mechanical energy to drive the pump on the other
end of shaft 122. The spent drive gases then exit
the turbine axially through duct 120.

Shaft 122, which has the pump impeller on one
end and the turbine rotor on its other end, is
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supported by combines hydrostatic bearings and
seals 128, 130, and 132, that are located at the
same diameter as that of the pump impeller tip and
the turbine rotor tip. Through this arrangement, the
configuration in Figures 7 and 8 requires only three
parts, the shaft/rotor/impeller 122, and housing
parts 124 and 126. It thereby achieves the same
simplicity and ruggedness that was exhibited by
the configuration shown in Fig. 4.

Also shown in Fig. 7 is an annular gap 125
which thermally isolates the higher temperature
turbine from the lower temperature pump during
operation.

In the configuration shown in Fig. 9, the pump
function is identical to that just discussed. The flow
enters the pump through inlet 200 and passes
through inducer 202, which enables the pump to
operate at low inlet pressure. Then, the bulk of the
energy input to the flow occurs in impeller 204.
Next, the flow passes into radial diffuser 206,
where the excess kinetic energy is converted to
static pressure. From there, the flow passes into
volute collector 208, which directs it into a pump
exit duct (not illustrated).

To drive this pump, the turbine drive gas en-
ters the turbine through a turbine inlet duct (not
shown) and passes into turbine inlet manifold 210,
which aligns it and directs it into axial turbine rotor
blades 212. These turbine rotor blades expand and
convert the gas energy into mechanical energy fo
drive the pump through shaft 218. Upon leaving the
rotor blades, the gases are diffused and turned
axially by stationary stator vanes 214. The spent
gases then leave the turbine through exit duct 216.

Shaft 218, which has the pump impeller on one
end and the turbine rotor on its other end, is
supported by combined hydrostatic bearings and
seals 224, 226, and 228, that are located at the
same diameter as that of the pump impeller tip.
Through this arrangemwent, the configuration of
Fig. 9 consisis of three parts, the
shaft/rotor/impeller 218, and housing sections 220
and 222.

By combining the bearing and seal functions
into a single unit and placing them at the same
diameter as that of the pump impeller tip(s), by
placing the pump inlef(s) at the end of the shaft,
and by making the diameters of the pump
diffuser/collector and the turbine manifold nozzle
equal o or greater than that of the pump impeller
tip(s), the following features result:

(a) The housing that contains the diffusers, col-

lectors, manifolds, and nozzles can be made of

only two parts that, when unbolted, can be slip-
ped off the two ends of the rotating assembly.

(b) The rotating assembly that contains the

shaft, the pump impeller(s), and the turbine rotor

can be made of only one part.
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(¢) The above features translate into an overall

turbopump assembly that consists of only four

parts if there are two pump sections (as in

Figure 4), and only three parts if there is one

pump section (as in Figures 7 and 9).

(d) The minimum diameters of the rotating as-

sembly are maximized, thereby minimizing the

possibility of operating at flexural critical speeds
which, in turn, greatly enhances operational sta-
bility, range, and reliability.

The present invention may be embodied in
other specific forms without departing from the
spirit or essential attributes thereof, and accord-
ingly, reference should be made to the appended
claims as indicating the scope of the invention.

Claims

1. A turbopump assembly comprising:
housings defining a forward pump section
housing and an aft pump section housing;

a common rotatable shaft positioned within
said housings and in cooperation with said
housings further define a first pump section
within said forward pump section housing and
a second pump section within said aft pump
section housing, said first pump section includ-
ing internal manifolds defined by an internal
surface of the forward pump section housing
and an external surface of the shaft and said
second pump section including internal man-
ifolds defined by an internal surface of the aft
pump section housing and an external surface
of the shaft, whereby said first pump section,
second pump section and internal manifolds
form an integrated turbine and dual pump con-
figuration; and

means for functioning said turbopump as-
sembly.

2. The turbopump assembly of claim 1 wherein
said forward pump section housing further
comprises:

fluid inlet;

an inducer;

a diffuser;

a volute collector;

a combination hydrostatic bearing and
seal;

a volute discharge;

rotor blades; and

an exit manifold.

3. The turbopump assembly of claim 1 wherein
said aft pump section housing further com-
prises:

fluid inlet;
a diffuser;
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10.

10

a volute collection;
a combination hydrostatic bearing ad seal;
a volute discharge;
an inlet manifold; and
fixed inlet vanes.

The turbopump assembly of claim 1 wherein
said forward pump section housing and said
aft pump section housing further define a
chamber communicating with an inlet manifold
of said second pump section and an outlet
manifold of said first pump section.

The turbopump assembly of claim 2 further
comprising means for providing fluid commu-
nication between said forward pump section
volute discharge and an aft pump section inlet.

The turbopump assembly of claim 1 wherein
said first pump section further comprises:

an impeller hub; and

impellers.

The turbopump assembly of claim 1 wherein
said second pump section further comprises:
an impeller hub; and
impellers.

The turbopump assembly of claim 5 wherein
said means providing fluid communication be-
tween said forward pump section volute dis-
charge and said aft pump section inlet com-
prises an interpump crossover.

A turbopump assembly comprising:

housings defining a forward pump section
and an aft turbine section;

a rotatable shaft positioned within and
communicating with said housings further de-
fining a pump and turbine in which the assem-
bly further comprises:

impellers;

a combination bearing and seal having an
outside diameter equal to or greater than said
impellers;

a diffuser, collector and nozzle whose in-
side diameter is equal to or greater than said
impellers; and

means for functioning said turbopump as-
sembly.

The turbopump assembly of claim 9 wherein
said forward pump section includes a combina-
tion hydrostatic bearing and seal.
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