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ABSTRACT

Centrifugal Pumps are known to exhibit unstable operating
region(s) in flow as evidenced by unstable operating region(s)
in flow as evidenced by the pump's flow-head curve that has
either a flat or a positive slope. The unstable flow has been
determined to be due to the generating of a vortex and appears
in the cross-over pass located downstream of the pump impeller in the area where the flow direction changes or bends for
entry into the diffuser, specifically an axial diffuser with
blades. Once the flow-head curve for a selected centrifugal
pump is plotted, the unstable area is manipulated by the use of
tandem vane devices to eliminate the unstable regions of the
flow head curve. These vane devices may be the full height or
partial height vanes sized on the basis of the cross-over path
for guiding the fluid stream from the pump impeller into the
diffuser smoothly including a change in direction. A small
axial gap is defined between the tandem vane and the downstream axial diffuser vanes. The tandem vane has its leading
edge skewed a pre-selected amount for introducing a twisting
movement into the fluid stream to reduce any vortices or
eddies in the fluid stream to thereby causing the unstable
area(s) of the flow-head curve to exhibit stable operation by
the modified flow-head curve that is continuously rising
toward pump shut-off. Since the various parameter for the
vane devices are dependent on the design of the selected
pump's impeller and the design of the diffuser blades, these
must be experimented with to achieve the best flow rates.
22 Claims, 11 Drawing Sheets
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METHODS AND APPARATUS FOR
CENTRIFUGAL PUMPS UTILIZING HEAD
CURVE

Accordingly, when a pump exhibits a head curve with such
instability it is useful to manipulate the axial head curve to
bring it within a stable, continuously rising curve to shut off to
permit pressure regulation of the pump.
Various attempts to improve the shape of the flow-head
curve in centrifugal pumps have previously been made.
Recent research has revealed that the unstable fluid flow in the
pumps is due to the generation of a vortex that resides in the
cross-over path located downstream of the pump impeller
discharge at the location where the flow direction is changing
by being bent for entry into the axial diffuser. A prior art
search has revealed various prior art patents attempting to
improve the flow-head characteristic of the centrifugal pump.
A basic German publication has a brief discussion of radial
diffusers with and without return vanes. The article discusses
pumps with one stage, the diffuser discharge into a spiral
shaped housing or into a ring shaped housing. Multistage
pumps are integrated with return vanes that guide the fluid to
the next stage, with the exception of the last stage of the
multistage pumps.
U.S. Pat. No. 4,981,414 ofH. E. Sheets is entitled Method
and Apparatus For Producing Fluid Pressure and Controlling
Boundary Layer. This patent is directed to turbo machinery
having cascade type blades as used on a compressor, blower
or turbine and the like. The article describes pressurization by
use of a stationary cascade and controlling incentive angle. It
does not appear that a solution for surge, span stall, stall cell
and inception stall is disclosed.
U.S. Pat. No. 5,286,162 of J. P. Veres is directed to a
method of reducing Hydraulic Instability for a centrifugal,
volute type pump and compressor by the addition of bleed
holes at the volute tongue of the casing of the pump for
controlling boundary layer, as Illustrated in FIG. 1.
The search also revealed the disclosure of a centrifugal
pump with an improved Axial Diffuser in U.S. Pat. No. 5,330,
318 ofOgawa. The teachings are directed to the selection of
a specific incident angle of the axial diffuser vanes. It does not
appear that this will eliminate unstable conditions sought by
the Applicant herein.
U.S. Pat. No. 5,383,764 discloses a diffuser pump having
vane blades constructed in two sections for eliminating secondary flow between the sections. This structure may not
eliminate an unstable condition.
U.S. Pat. No. 6,923,621 discloses a diffuser for a Turbo
pump for suppressing degradation in efficiency while preventing the diffuser from stalling a turbo pump. This is similar
in structure to the disclosure in U.S. Pat. No. 5,383,764 and
involves an opening at a selected location of a vane to control
boundary and prevent separation or a vortex.
U.S. Pat. No. 6,695,579 discloses a diffuser having a variable blade height by providing a flow section profile with
increasing cross-section area to cause uneven flow velocity
and cause secondary flow in the channel. Totally different
approach from subject invention.
U.S. Pat. No. 6,699,008 of D. Jopikse discloses a Flow
Stabilizing Device. The disclosure utilizes a vaneless diffuser
and provides a slot in front of the inducer and flow back to the
inlet in order to eliminate a vortex at a certain flow. This flow
is introduced to the outlet of the impeller in an attempt to flush
the vortex generated at the cavity between the impeller and
diffuser. The disclosure cannot generate a high pressure larger
than that generated by the impeller. The flow direction is
reverse direction from that of the impeller but the disclosure
drawing incorrectly shows the reverse flow.
U.S. Pat. No. 6,514,034 ofOkamura et al discloses a pump
which is small-sized without increasing the RPM of the
impeller while suppressing the unstable portion of the pump

RELATED APPLICATION
Priority is claimed on the basis of the Provisional Application bearing Ser. No. 61,069,992 filed on Mar. 18,2008 and
entitled "Devices for Head Curve stabilization in Centrifugal
Pumps Using Axial Diffusers".
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BACKGROUND OF THE INVENTION
The essential parts of a conventional centrifugal pump
comprises a rotating member with blades or vanes referred to
in the art as an impeller and a housing or casing to surround it.
The centrifugal pump depends upon centrifugal forces or a
variation of pressure due to the rotation of the impeller. The
discharge of the fluid from a centrifugal pump is relatively
smooth and steady and can handle various liquids and liquids
containing solids such as sand, gravel and stones of various
types, of moderate size. Centrifugal pumps are classified as
volute type or diffuser type. In the diffuser type there is
provided a series of fixed vanes for receiving the fluid discharged from the impeller so as to reduce the velocity of the
received fluid by decreasing the Kinetic energy of the fluid
stream and converting it to static pressure in the diffuser. It has
been found that the centrifugal pump is best suited for producing relatively high pressure and low rates of flow permitting pressure regulation of the pumps.
Vertical cryogenic submerged motor pumps are commonly
employed in the liquefied cryogenic gas industry. To this end,
they are most prominent in the liquid hydrocarbon industry
for liquefied natural gas, LNG, liquefied ethane gas, and
liquefied propane and butane gas. There are two categories of
LNG pumps that may be classified as the basis of their locations such as In-tank type versus vessel mounted or canned
pumps. These categories are described and illustrated in the
text entitled "LNG: Basics of Liquefied Natural Gas on pages
64 and 65 discussing "LNG Pumps" published by the University of Texas at Austin in 2007. The In-tank and marine
style of the pumps sit at the bottom oflarge 40to 60 meter tall
cryogenic liquid storage tanks. To mount these pumps in the
tall tanks, a 40 to 60 meter pipe colunm or mast arrangement
is applied inside where the pump sits. To keep costs low, it is
imperative to keep the pipe column size small and therefore
reduce the radial size of the pump's geometry. This fact drives
colunmmounted cryogenic pumps to use axial style diffusers.
The prior art generally utilizes a radial vane diffuser downstream of the centrifugal pump. The geometric space restrictions of such an installation dictate the use of axial vane
diffusers to save radial space and hence colunm size and
costs.
The function of the diffuser in combination with the centrifugal pump is to efficiently convert the Kinetic energy of
the fluid stream from the pump's impeller to pressure energy.
The diffuser element is a critical fluid element in the pump
responsible for approximately 20-40% of the pump head
generated. It is known in the art that the diffuser has substantial influence on the shape of the head curve as the liquid flow
rate is varied. Some axial type diffusers utilized with an
inducer are known to exhibit unstable or somewhat flat head
curves, some exhibit instabilities or flow regions where the
slope of the head curve is positive. Pressure regulation is a
common means of controlling the centrifugal pump and to be
effective it is necessary to have a stable, continuously rising to
shut off, head curve for many cryogenic pump applications.
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head curve due to separation and/or stalling within the region
of low flow rate by the provision of a number of grooves in a
direction of the pressure gradient of the fluid. This technique
is applicable to an axial impeller a device not utilized in the
Applicant's invention.
U.S. Pat. No. 6,736,594 is similar to the above described
U.S. Pat. No. 6,514,034 by the provision of a slot in the casing
that is adjustable so that the recirculation is eliminated.

over gap and axial diffuser prior to addition of tandem vane
secured thereto in accordance with the present invention;
FIG. 5 is an overview of a centrifugal pump in combination
with an axial diffuser with a tandem full height vane secured
thereto and embodying the present invention;
FIG. 6 is a meridian view of the tandem, full height vane(s)
that fills the cross-over gap guides fluid from the impeller into
the diffuser in accordance with the teachings of the present
invention;
FIG. 7 is a meridian view of a half height vane(s) that
partially fills the cross-over gap, as needed to best stabilize the
head curve and embodying another embodiment of the invention;
FIG. 8 is an overview of a conventional centrifugal pump
with an axial diffuser stabilized by a half or partial height vane
in accordance with the present invention;
FIG. 9 is an angled or skewed full height vane(s) at the
discharge end that partially fills the cross-over gap, as needed,
to best stabilize the pump head curve;
FIG. 10 is a meridian view of the tandem, angled, full
height vane(s) of FIG. 9 that partially fills the cross-over gap,
as necessary, to best stabilize the pump head curve;
FIG. 11 is an overview of the tandem angled full height
vane(s) of FIG. 10 that partially fills the cross-over gap;
FIG. 12 is an overview of a retractable centrifugal pump in
combination with an axial diffuser vane in an exploded view
with the inlet casing of the invention;
FIG. 13 is an exploded view of the complete centrifugal
pump assembly with diffuser, inducer, inlet housing assembly
and shaft/rotor assembly in accordance with the teachings of
the present invention; and
FIG. 14 is a graphical illustration of the pump head v. flow
rate illustrating the influence of the tandem vane on the flowhead curve shape in the case of an unstable curve having a
positive slope or flat curve.

SUMMARY OF THE INVENTION
Although the present invention is useful to a large extent as
a Liquefied Natural Gas, LNG, pump in both the In-tank type
and pot type of installations, the concepts disclosed by the
present invention are directly applicable to all centrifugal
pumps wherever employed and should be so considered in
evaluating the present invention. In the construction of the
centrifugal pumps the pump impeller is generally spaced
from the axial diffuser by a cross-over gap that must be
traversed by the fluid stream exiting the impeller so that it can
be driven through the cross-over gap and caused to change in
direction for entering the diffuser. In accordance with the
present invention, this is accomplished by the addition of a
tandem vane as an extension for the axial diffuser vane and
receives the fluid stream from the impeller and guides the
fluid through the cross-over gap including the necessary
change in direction of the fluid. The exit area of the tandem
vane has pre-selected angular relationship for twisting the
fluid as it exits the tandem vane for minimizing any turbulence in the fluid stream occurring at the impeller. The extension vanes themselves are made up of a metal with a smooth
surface and fixed on the pump casing or diffuser by bolts and
circumferentially aligned with the diffuser or separately
mounted in the cross-over gap between the centrifugal impeller and axial diffuser to guide the fluid flow from the impeller
into the axial diffuser for making the direction change in the
meridian flow direction less abrupt. The various embodiments include other geometric variations to achieve the same
stabilizing function by manipulating the flow in the crossover gap between the impeller and the axial diffuser. At the
present time, the various means of modifying the head curve
must be tried to determine the best technique for stabilizing
the head curve.
BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS
These and other features of the present invention may be
more fully appreciated when considered in the light of the
following specification and drawings, in which:
FIG. 1 is a partial, general image of a submerged, cryogenic, centrifugal pump utilizing an axial diffuser, illustrative
of the cross-over gap between the impeller and axial diffuser
of a prior art In-tank type of LNG installation wherein the
centrifugal pump is mounted at the bottom of a column;
FIG. 2 is a partial, general image of a submerged cryogenic
centrifugal pump utilizing an axial diffuser illustrating the pot
mounted or canned prior art LNG installation that illustrates
the spacing between the impeller and axial diffuser;
FIG. 3 is a front view of a cryogenic pump impeller, with
the front shroud removed, and illustrating a tandem, full
height single vane for an overhung diffuser vane which
extends the axial diffuser leading edge into the cross-over gap
between the impeller and the axial diffuser and embodying
the present invention;
FIG. 4 is an enlarged, sectional view of a standard centrifugal pump construction having an inducer, impeller, cross-
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As noted in conjunction with FIG. 14 it must first be determined if the flow -head curve for a particular centrifugal pump
needs correction or not and how best to manipulate the fluid
flow in the cross-over gap between the impeller and the axial
diffuser so that the flow-head curve becomes continuously
rising toward shut-off as illustrated in FIG. 14. As illustrated
the correction is designed to eliminate a flat region or a
positive slope.
The cross-over gap between the centrifugal pump impeller
and axial diffuser as illustrated in FIGS. 1 and 2 is enlarged in
the sectional view of FIG. 4 for a standard pump construction
having an inducer 10, and impeller 12 spaced immediately
below the cross-over gap 13 and spaced at an angular relationship with the axial diffuser 14. The cross overgap 13 is a
ring of free space formed within the pump housing by the
pump housing, the housing for the impeller 12 and diffuser 14
as seen in FIG. 4 of the standard pump construction. From this
enlarged sectional overview, it can be better appreciated that
the fluid from the impeller must drive the fluid from the
impeller 12 into the cross-over gap 13 and must change direction from a vertical path in the drawing and turn through
approximately 90 degrees in order to enter the diffuser 14. For
this purpose, the vane extensions extend the axial diffuser
leading edge into the cross-over gap 13 as noted in FIG. 3 by
the legend "overhung axial diffuser". The pump provided
with the axial diffuser in combination with the tandem, full
height vane 20 that fills up the cross-over gap 13 as illustrated
in FIG. 5. The tandem vane 20 adds an important item as the
vane 20 has its leading edge skewed a pre-selected amonnt to
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produce a twisting action on the fluid received from the
impeller 12 including any turbulence or vortices or eddies and
the like that may have been generated therein. This twisting
action is added in the cavity formed between the impeller 12
and axial diffuser 14 and has been effective to eliminate
surging in the fluid, recirculation of the vortex and any tendency for the pump to stall during its entire operating range
and make the flow -head curve steepened at the irregular areas.
This tandem vane 20 by adding the twisting action to the fluid
flow forces the circulating fluid to be guided into the axial
diffuser 14. This is the described action for a single extension
vane. The extension vane(s) are arranged circumferentially
with the axial diffuser and can be secured to the diffuser. The
vanes are constructed of a metal with a smooth surface for
guiding the fluid stream from the impeller into the axial
diffuser and for making the direction change in the meridian
flow direction less abrupt. The extension vanes may be
mounted separately from the diffuser in the cross-over gap
and aligned circumferentially with the axial diffuser 14. The
tandem vane 20 may be of a different geometric shape. The
vane 14V of FIG. 5 is illustrated as a full height vane meaning
that the vane 14 spans the entire passage in the cross-over gap
and fills up the gap as illustrated in FIG. 5. As shown in FIG.
6, the tandem vanes 20 are arranged to provide a small axial
gap AG between the tandem vane and the downstream axial
diffuser vanes 14V. This is the function and arrangement of a
single extension vane 20 but the concept is not limited to a
single vane but may involve a plurality of spaced tandem
vanes extending into the cross-over gap 13 between the
impeller and diffuser to multiply the action of a single gap as
it appears best for correcting the flow-head curve for the
pump. The meridian view of the tandem full height vane(s) is
illustrated in FIG. 6,
An alternate geometric shape is a partial height vane( s) or
a half height vane(s) 21H that partially fills the cross-over gap
is illustrated in FIG. 7 as the meridian view thereof. The
overall view of the centrifugal pump with the half height vane
21H is illustrated in FIG. 8. The small axial gap AG is maintained between the tandem vane and the downstream axial
diffuser vanes. The use of a selected shape for the extension
vane(s) is dependent on the type of correction required by the
flow head curve to best stabilize the head curve. The concept
of the present invention is not limited to Ih height or 1/4 height
but may be any fraction of the full height of the cross-over gap
as it has been determined is necessary to best stabilize the
head curve or any combination of the disclosed combination
of features.
FIGS. 9 and 10 illustrate a tandem, angled full height vane
14A with the overview of the pump inFIG. 9 while FIG. 10 is
the meridian view of the tandem, angled full height vane 20A
while maintaining the small axial gap AG, that partially fills
the cross-over gap. The skewed leading edges 20A has a
pre-selected angle A that is determined to best stabilize the
head curve depending on the angle A of the tandem vane. The
vane 20A is illustrated in FIG. 11 secured to the axial diffuser
14 by a fastener F.
FIG. 12 is an overview of a retractable pump P as may be
utilized for a LNG installation as the submerged cryogenic
pump P for an In-tank or a canned application of the type
illustrated in FIGS. 1 and 2, respectively. FIG. 12 illustrates
an inducer I mounted to the end of the pump shaft and the
exploded view revealing the end of the pump shaft and the
exploded view revealing the axial diffuser vane DV. The inlet
housing assembly IH is illustrated to the left, in an exploded
fashion of the inducer 1. The entire pump assembly is illustrated in an exploded fashion in FIG. 13 wherein pump motor
assembly MH is shown with the spaced shaft/rotor assembly

SIR showing the diffuser vanes DV (as in FIG. 12) and the
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inducer I adjacent the inlet housing assembly IH. The
exploded view of FIG. 13 also includes a thrust equalizing
assembly TEM adjacent the inducer 1. The shaft/Rotor SIR is
arranged with a bearing retainer BR, upper bearing VB, an
end bell assembly EB, an electrical feed through assembly FT
and a terminal cover C.
FIG. 14 illustrates a typical Head-flow curve for a centrifugal pump that may have regions requiring correcting, namely
a flat region and/or a positive slope. This illustrates the influence of the tandem vanes of the present invention have on the
shape and flow-head curve for a nnstable curve.
With the above concepts in mind for manipulating the head
curve shape the selection of the shape of the means for producing the desired shape for best stabilizing the head curve, at
the present status of the art requires that the various structures
must be tried for permitting the selection of the structure to
best stabilize the head curve and on that basis select the
configuration that produces the desired results. It will be
recalled that the disclosed structures have certain angles for
various ones of the means for producing the desired results
but are not specifically detailed because they are dependent
on the individual impeller and diffuser blade angles of the
individual pump and determined on that basis.
It is known that unstable head curve performance or
unstable hypteresis occur approximately 60% and 80% of the
best efficiencing pump flow rate. The leading edge of the
twisted vane is provided with an angle to match the angle of
absolute flow while the trailing edge of the twisted vane is
matched to the angle of the diffuser vane. It therefore can be
appreciated that the individual working in this field will recognize that the range of angles or type of angle depends upon
the design and configuration of the impeller for an individual
pump and the design of the diffuser blade to be utilized
therewith. With further development it is expected that a
selection may be made be made without the need for implementing each structure for manipulating head curve for making the selection for the best flow rates.
The details of the pump head curve must also be known and
dictates the action required to modifY the head curve and omit
the areas of flat curve or instability in the resulting head curve
for the individual centrifugal pump.
The invention claimed is:
1. In a centrifugal pump housing including a rotatable
impeller having radial blades and an axial diffuser having
vanes angularly spaced downstream of said impeller by a
cross-overgap formed within said pump housing so that the
fluid subjected to the impeller must move through said crossover gap to be driven into said axial diffuser, the improvement
comprising at least a single, axial diffuser vane extension
monnted circumferentially with said axial diffuser and
extending into said cross-over gap for guiding the fluid flow
from said impeller through the cross-over gap and driven to
said axial diffuser, said diffuser vane extension being constructed designed and formed in structure with a tandem vane
portion for imparting a twisting force to the fluid received
from said impeller for minimizing any turbulence present in
the fluid stream as it leaves the impeller whereby said pump
exhibits a pump head curve that has been modified for eliminating flat or positive slopes as the flow-head curve becomes
continuously rising toward shut-off.
2. In a centrifugal pump as defined in claim 1, wherein said
diffuser vane has a full height vane spanning the entire distance in the cross-over gap between said impeller and the
axial diffuser vane except a small axial gap between the
tandem vane and the downstream axial diffuser vanes.
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3. In centrifugal pump as defined in claim 1 wherein said
axial diffuser vane extension comprise a plurality of full
height tandem vanes for guiding the fluid in the region from
the impeller into the axial diffuser to render the direction
change of the fluid in the cross-over gap less abrupt.
4. In a centrifugal pump as defined in claim 1 wherein said
diffuser vane extension has a partial height vane filling the
cross-over gap as required to best stabilize the pump's head
curve.
5. In a centrifugal pump as defined in claim 4 wherein said
partial height vane is one half of the height of said cross-over
gap.
6. In a centrifugal pump as defined in claim 1 wherein said
diffuser vane has a full height of the cross-over gap but of a
pre-selected portion of the cross-over gap and leading angle
of tandem vane selected for improving the pump head curve.
7. In a centrifugal pump housing wherein said pump is
pressure regulated for controlling the pump comprising an
impeller within said pump housing for providing the fluid to
be pumped and angularly spaced from an axial diffuser having vanes by an axial gap formed within the pump housing
between the axial diffuser housing and the impeller housing
cause the fluid exiting said impeller to be driven through the
axial gap to said axial diffuser, the diffuser is constructed,
defined and structured for converting the kinetic energy exiting impeller into static pressure with the least possible losses,
the improvement comprising a single or a plurality of axial
tandem vane extensions mounted circumferentially with said
axial diffuser and extending a pre-selected distance into said
crossover gap for maintaining stable operation of the pump by
introducing a twisting movement into the fluid flow from said
impeller for reducing any vortices or eddies in the fluid stream
exiting the impeller to thereby adjust the pump head curve
without any "flats" or positive slopes yet maintaining a preselected small axial gap between the exit of the tandem vane
and the downstream axial diffuser vanes.
8. In a centrifugal pump as defined in claim 7 wherein said
axial vane extensions are selected from a group of 1) full
height extensions, 2) one-half extension or partial height
extensions for manipulating the pump head curve for the best
operation for pressure regulating of said pump.
9. A method of operating a centrifugal pump by pressure
regulation to cause the pump to exhibit a stable characteristic
evidenced by a pump flow-head curve that is adjusted to be
continuously and smoothly rising to a shut-off condition, said
pump including impeller means and an axial diffuser spaced
from said impeller by a cross-over gap for receiving a fluid
stream introduced into the pump by means of said impeller
and including mounting a pre-selected axial diffuser vane
extension a pre-selected distance into said cross-over gap for
minimizing any turbulence in the fluid stream by varying the
height of the axial extension andlorthe length of the extension
while maintaining a small axial gap between the exit end of
the vane extension and the entry into said axial diffuser while
determining the optimum dimensions for said vane extensions as exhibited by the pump head curves generated.
10. A centrifugal pump housing at cryogenic temperatures
comprising a rotatable impeller having radial blades and an
axial diffuser with vanes spaced downstream of said impeller
in a pre-selected angular relationship with the fluid discharge
end of said impeller by a cross-over gap defined within the
pump housing to cause the fluid stream emitted from the
impeller to be driven through the cross-over gap into said
diffuser vanes, a single( s) vane secured to said pump housing
outwardly of said impeller and circumferentially aligned with
said diffuser vanes extending into the gap between the discharge end of the impeller for guiding the fluid flow through

to the axial diffuser including causing the fluid to change
direction for reaching the diffuser while maintaining a small
axial gap between the singular vane and the downstream
diffuser vanes.
11. In a submerged cryogenic centrifugal pump housing for
correcting an undesirable head curve to one that is corrected
to be continuously rising, steeper and more stable operating
pump, said centrifugal pump housing comprising a rotatable
impeller having radial blades and an axial diffuser having
vanes angularly spaced relative to said impeller so that fluid
expelled from said impeller must move through a cross-over
gap defined in said housing for entry into said diffuser, a
tandem vane extender secured to said pump housing and
circumferentially mounted with said diffuser and extending
into said cross-over gap for guiding the fluid conveyed by said
impeller into said axial diffuser, said tandem vane extender
having a discharge end constructed for imparting a twisting
motion to the fluid conveyed thereby, said vane extender
being mounted in tandem with the vanes for said axial diffuser
for conveying and guiding the fluid received from said impeller vanes, said tandem vanes being selected to have height
between one that fill up the cross-over gap and the selected
partial height of said gap to best stabilize the head curve
dependent on the undesirable portion and nature of said portion, said tandem vane being sized for maintaining a small
axial gap between the entry into said diffuser and the end of
said tandem vane so that the twisting of fluid conveyed
thereby minimizes any turbulence that may be present in the
fluid stream as received from said impeller and is conveyed
into said diffuser.
12. In a submerged, cryogenic centrifugal pump as
described in claim 11 wherein said selected tandem vane
comprises a plurality of tandem vanes.
13. In a submerged, cryogenic centrifugal pump housing
for correcting an undesirable head curve to one that is corrected to be continuously rising, steeper and more stable
operating pump, said centrifugal pump housing comprising a
rotatable impeller having radial blades and an axial diffuser
having vanes angularly spaced relative to said impeller so that
fluid expelled from said impeller must move into a cross-over
gap defined in said housing between the impeller and axial
diffuser for entry into said diffuser, a tandem vane extender
secured to said pump and circumferentially mounted with
said diffuser and extending into said cross-over gap for guiding the fluid conveyed by said impeller into said axial diffuser,
said tandem vane having a discharge end for imparting a
twisting motion to the fluid conveyed thereby, said vane
extender being mounted in tandem with the vanes for said
axial diffuser for conveying and guiding the fluid received
from said impeller vanes, said tandem vane being selected to
have a height between one that completely fill up the crossover gap and one that partially fills up the crossover gap and
mounted with a pre-selected axial gap between said tandem
vane and the axial diffuser.
14. In a submerged, cryogenic centrifugal pump as defined
in claim 13 wherein the tandem vane selected has a height that
completely fills up a portion of the cross-over gap at the
leading edge of said tandem vane and maintains an angled gap
from the trailing edge of said tandem vane to said impeller to
best stabilize the head curve.
15. In a submerged, cryogenic centrifugal pump housing
for correcting an undesirable head curve to one that is corrected to be continuously rising steeper and more stable operating pump, said centrifugal pump housing comprising a
rotatable impeller having radial blades and an axial diffuser
having vanes angularly spaced relative to said impeller by a
crossover gap formed within said pump housing between the
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impeller and diffuser so that the fluid expelled from said
impeller must move through the crossover gap defined in said
pump housing for entry into said diffuser, a tandem vane
extender secured to said pump housing and circumferentially
mounted with said diffuser and extending into said crossover
gap for guiding the fluid conveyed by said impeller into said
axial diffuser, said tandem vane having a discharge end for
imparting a twisting motion to the fluid conveyed thereby,
said vane extender being mounted in tandem with the vanes
for said axial diffuser for conveying and guiding the fluid
received from said impellervanes, the improvement comprising an axial vane diffuser having leading edge of said diffuser
vanes extending into the cross-over gap between said impeller and the axial diffuser and wherein said diffuser vanes are
constructed, designed for guiding the fluid received from said
impeller through said cross-over path and into said diffuser.
16. A method of operating a centrifugal pump for maintaining a stable operation exhibited by a head curve without
any flat portion or positive slopes including the steps of
providing a centrifugal pump having a centrifugal impeller
means and an axial diffuser spaced from said impeller
means for receiving and bending the liquid flowing from
said impeller means by a path through cross-over gap to
said axial diffuser;
providing at least a singular vane extending a pre-selected
distance from said diffuser into said cross-over gap for
guiding and bending the liquid flow through the crossover gap into the spaced axial diffuser by bending the
liquid flowing from said impeller means towards said
diffuser for stabilizing the operation of the pump
throughout its operating range.
17. A method of operating a centrifugal pump as in claim
16 whereas said at least a single vane is secured to said axial
diffuser and that is separate from said diffuser means and
mounted to said pump circumferentially aligned with said
diffuser means and designed, constructed, and structured to
prevent the pump from operating with unstable and/or positive regions whereby the head curve for said pump is represented by a head curve that is continuously rising towards
shut-off.

18. A method of operating a centrifugal pump structured
for pressure regulation to achieve a stable operation of the
pump evidenced by a pump head curve that does not exhibit
any flat or positive slope portions, said centrifugal pump
comprising a centrifugal impeller having radial blades operative to receive and discharge the fluid to be pumped, and an
axial diffuser spaced from said impeller whereby the fluid to
be pumped must move from said impeller upon discharge
therefrom through the cross-over path between the impeller
and said diffuser including through a change in direction for
entering said axial diffuser, said axial diffuser having a plurality of axial vanes and structured for conveying the received
fluid through said diffuser wherein the kinetic energy of the
received fluid is converted at the diffuser to corresponding
pressure energy, at least a single tandem vane mounted circumferentially with said diffuser and extending into said
cross-over path, said tandem vane being designed for tandem
mounting with said diffuser at one end and discharge section
angularly related to the entry end of the extension and
selected for minimizing any turbulence present in the fluid
stream to achieve the stable operation of said pump as exhibited by a pump head characteristic that has been corrected for
any flat or positive slopes by structuring said extension to
achieve a steepened head curve continuously rising to shutoff and thereby usable for pressure controlled pump regulation.
19. A method of operating a centrifugal pump as defined in
claim 18 wherein said tandem vane is secured to said diffuser
and extends the axial diffuser leading edges to said diffuser
and extends the axial diffuser leading edges into a-portion of
said cross-over gap between the impeller and axial diffuser
section.
20. A method of operating a centrifugal pump as defined in
claim 18 wherein said tandem vane is mounted on said crossover gap between the impeller and axial diffuser section.
21. A method of operating a centrifugal pump as defined in
claim 18 or 19 wherein said tandem vane is designed and
proportioned to fill the full height of the cross-over gap.
22. A method of operating a centrifugal pump as defined in
claim 21 wherein said tandem vane comprises a plurality of
tandem vanes.
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