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(§7) Abstract
. . . . : 72 18
An insert (40) is provided for attachment to the inlet or nose of a pitot tube (10) to 40 | 20
withstand the wear and damage imposed on the inlet of the pitot tube by high velocity and S 4
high pressure fluid moving through the rotary casing and into the pitot tube. The insert (40) 4L )
reduces the amount of damage normally done to the pitot tube (10) under normal operating gl \

conditions thereby extending the life of the pitot tube. When worn or damaged, only the
insert needs to be replaced rather than the entire pitot tube as is done in conventional
systems. The insert (40) permits the machining of the insert to meet the specifications of
a particular application, thereby providing the ability to control pump performance over a
l wider range of operational conditions.
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PITOT TUBE INLET INSERT

TECHNICAL FIELD
This invention relates to centrifugal pumps of the pitot tube type, and
specifically relates to modification of the pitot tube to extend the life of the pitot tube

and to selectively control the performance characteristics of the pitot tube.

BACKGROUND ART

Pitot tubes are used in many different industries for the movement or transport
of a fluid under high pressure, and are frequently used in measuring devices. In a
particularly relevant application to the present invention, pitot tubes are used in
centrifugal pumps to move a liquid through the pump at very high pressure.
Examples of pitot tube pumps are disclosed in U.S. Patent No. 3,776,638 to
Erickson; U.S. Patent No. 3,822,102 to Erickson, et al.; U.S. Patent No. 4,183,713
to Erickson, et al.; U.S. Patent No. 4,252,499 to Erickson and U.S. Patent No.
4,279,571 to Erickson.

Pitot tubes in centrifugal pumps generally function to collect fluid which 1is
circulating within the rotary casing of the pump under centrifugal force. The fluid
enters the rotary casing of the pump along the axis of rotation and picks up
momentum as it passes through the radial vanes of the impeller and 1nto the rotary
casing. The fluid maintains its velocity at nearly the rotational speed of the casing.
The fluid then moves into the inlet of the pitot tube, through the inner channel of the
pitot tube and out of the pump by way of a discharge tube. The inlet of the pitot tube
is usually located near the periphery of the rotary casing. This 1s where the pressure
and rotational velocity of the fluid are greatest. The inlet of the pitot tube, which 1s
usually stationary, is impacted by the fluid as 1t circulates in the rotary casing. Under
some operating conditions, cavitation can occur at the inlet of the pitot tube which
essentially disintegrates and/or erodes the metal. When the fluid contains particulate

matter or solids, the impact of the fluid and solids on the pitot tube can also be very

damaging. Under normal operating conditions, therefore, the pitot tube may be

damaged, head loss may be experienced and/or any number of other deleterious

effects may limit the function and operation of the pitot tube pump.
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end of the pitot tube to meet a shortened portion of the bore which 1s oriented so that
it faces in the direction opposite to the direction of rotation of the rotary casmg. The
shortened portion of the bore leads to the mlet of the pitot tube where fluid 1s received
into the pitot tube. At the end of the pitot tube opposite the 1nlet 1s formed an
opening which leads to a discharge portion of the pump for transporting fluid from
the pitot tube.

Conventional pitot tubes are cast in a fixed and predetermined size and shape,
including the diameter and shape of the inlet of the pitot mbe. They are then polished
by known methods, both inside (i.e., the bore) and out (i1.e., the external surface of
the body). In conventional pitot tubes, the external profile of the mlet may be
modified to some degree to meet the specific requirements of a given application. In
use, fluid hits the imlet of the pitot tube at very high velocity and pressure. A
percentage of the fluid will enter the opening of the inlet for transport through the

pitot tube. However, some of the fluid merely strikes the inlet of the pitot tube.
Fluid which separates from the surface of the pitot tube creates a low pressure zone.
It the pressure in that zone is lower than the vapor pressure of the fluid, cavitation
results. Cavitation which occurs in the area of the inlet to the pitot tube is especially

difficult to control.

Cavitation causes tiny portions of the metal surfaceto be essentially destroyed

sO that the 1nlet, over time, is eventually disintegrated. The amount and severity of
the cavitation can be influenced by the amount of entrained air in the fluid, fluid
velocity, vapor pressure of the fluid and pressure in the rotary casing. In some cases,
the inlet can be compietely destroyed. When the fluid contains particulate matter or
solids, the impact of the fluid and solids on the pitot tube can erode the metal of the
pitot tube away. As the metal is eroded away, the performance of the pitot tube will
diminish. In conventional pitot tubes, the surface that is most prone 1o erosion can be
coated with materials that are inherently hard and, therefore, reduce the effects of
solids 1n the fluid that mmpact the pitot tube. These coatings are expensive and
typically rough, which reduces the efficiency of the pump, and they typically increase
the thickness of the pitot tube, which reduces the efficiency of the pump.

Although the shoulder of the inlet may be especially shaped to allow the fluid

to flow over the shoulder, cavitation and erosion of the inlet eventually occurs
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nonetheless. When the inlet of the conventional pitot tube becomes sufficiently
damaged so that there is a loss in performance of the pump, the pitot tube must be
replaced. In conventional pitot pumps, the pump must be substantially dismantled to
permit removal and replacement of the pitot tube. Dismantling the pump translates
into significant loss in terms of down-time and cost of repair. The present invention
reduces these problems by providing an insert for attachment to the inlet of the pitot
tube which increases the life of the pitot tube. The insert may be formed with a
selected shoulder profile which facilitates the deflection of fluid so that the insert is
less subject to damage from cavitation or erosion. In addition, the insert can be made
of specialized materials having selected characteristics which renders the insert less
likely to be damaged. Because the insert is separately formed from the pitot tube, a
greater selection of materials is available for manufacture of the insert since material
strength is not the primary focus of materials selection.

Because the insert is made separately from the pitot tube, it allows the pitot
tube and insert to be made to more exacting specifications, which actually simplifies
the manufacture of the pitot tube and results in a more consistent performance of the
pitot tube from one pitot tube to another of the same size. Conventional pitot tubes
are formed by a casting process which essentially limits the size, shape and
dimensions of the pitot tube and the inlet to a fixed standard. The operating
parameters of a given application, however, may require a different size, shape and
profile of the inlet. As a result, a conventional pitot tube pump may have to be
operated away from its best efficiency point (BEP). In the present invention, the
Insert and pitot tube are separately formed and may be configured and machined to
the specifications of a given application. Thus, the pitot pump of the present
invention can be operated near or at its BEP. Further, the insert is manufactured
separately and can be made in a size or dimension, and from a selected material,
which meets the requirements of a given application, thereby delimiting the potential
for cavitation or erosion. The ability to selectively customize the pitot tube and the
insert to the given application assures better and more consistent head and capacity
performance of the pump. Another significant advantage of the present invention is

the ability to simply replace the insert in the pitot tube when the insert becomes

e N A T e T P WS VTN AN G SR IV TR AR D IO i  © A4tant o 1Y TN APRUMTNIIIIIIE IS G VIR - =it s 40 = s me o tinn ot v minrn—— AL M O U IR B 1005, RS e ot far A s ani /e = o4+ = *2 oersounreed oeyons
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damaged or worn, thereby eliminating the need to replace the entire pitot tube. The

cost of repairing and maintaining the pump is considerably reduced.

BRIEF DESCRIPTION OF DRAWINGS

In the drawings, which illustrate what is currently considered to be the best
mode for carrying out the invention:

FIG. 1 is a front view in elevation of a conventional cast pitot tube, in partial
Cross section; -

FIG. 2 is a side view in elevation of the pitot tube shown in FIG. 1, turned
ninety degrees to the left, and shown in partial cross section:

FIG. 3 is an enlarged view in partial cross section of the inlet of the pitot tube
shown 1n FIG. 2 illustrating the milling of the inlet in preparation for receipt of the
insert of the invention;

FIG. 4 is an enlarged view in cross section of the insert of the present
invention;

FIG. 5 is a side view in elevation of the pitot tube shown in FIG. 3 illustrating
the preparation of a receiving bore in the inlet for attachment of the insert of the
present invention;

FIG. 6 is an enlarged view of the inlet shown in FIG. 5;

FIG. 7 is an enlarged view in partial cross section of an alternatively cast pitot
tube having a smaller inlet which can be machined to a given diameter to
accommodate the insert of the present invention;

FIG. 8 is a side view in elevation of the pitot tube, with the inlet shown in
partial cross section, illustrating the attachment of the insert to the pitot tube inlet;
and

FIG. 9 is a cross section view of an inlet having a curved bore.

BEST MODE FOR CARRYING OUT THE INVENTION
FIGS. 1 and 2 illustrate a conventional pitot tube 10 of the type which is used
In a centrifugal pump. The pitot tube 10 is conventionally cast out of a suitably high
strength material such as, for example, 17-4 stainless steel, 718 Inconel, Stellite,

Hastelloy or other similarly high strength material. The pitot tube 10 is generally
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cast as a body 12 having a base 14, an elongated neck portion 16 and a head 18. A
bore 20 1s cast in the body 12 of the pitot tube 10 which extends from an opening 22
In the inlet 24 of the pitot tube 10 to an opening 26 in the base 14 of the pitot tube 10.
The pitot tube is shown in FIG. 1 as having a shoulder 28 which enables the body 12
to be attached to the centrifugal pump in a manner which aligns the bore 20 of the
pitot tube 10 for discharge of fluid from the pump. For example, the body 12 of the
pitot tube 10 may be attached to a discharge tube, which is axially aligned with the
opening 26 in the base 14 of the pitot tube 10, to transport fluid from the pitot tube 10
to outside the pump.

Because conventional pitot tubes are cast, the shape and dimension of the inlet
24 of the pitot tube 10 is predetermined and sized to accommodate the parameters of
an average application. One disadvantage of conventional cast pitot tubes, therefore,
is that one size or dimension of inlet 24 and opening 22 is not suitable for all types or
conditions of operation. While some modifications may be made to the inlet 24 and
opening 22 by machining the pitot tube 10 after casﬁng , the types of modifications are
limited. For example, it has been recognized that fluid striking the inlet 24 of the
pitot tube 10 can cause cavitation or erosion damage to the inlet 24 such that the inlet
and surrounding areas of the head 18 of the pitot tube 10 are eventually disintegrated
or eroded away.

To ameliorate some of the damage caused by cavitation and other erosive
modalities, the inlet 24 of a conventional pitot tube 10 may be modified or finished,
as shown in FIG. 3, to provide a sloping shoulder 30 surrounding the opening 22 of
the inlet 24. The slope of the shoulder 30 provides the inlet 24 with an aerodynamic
profile which facilitates deflection of fluid striking the shoulder 30 of the inlet 24.
Such modification of the inlet 24 can be beneficial in prolonging the operational life
of the conventional pitot tube 10. However, the pitot tube 10 will eventually suffer
damage from cavitation or other destructive forces and the inlet 24 will be sufficiently
worn so that replacement is required. With conventional cast pitot tubes, the entire
body 12 of the pitot tube 10 must be removed from the dismantled pump and
replaced.

The present invention may provide a means for providing a selectively

modifiable inlet of a pitot tube which can be adapted to the unique operational
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requirements of any application and to provide an aerodynamically-shaped inlet which
resists damage, but which is also replaceable, thereby eliminating the need to replace
the entire pitot tube 10. The pitot tube of the present invention employs an
acrodynamically-shaped insert 40, shown in FIG. 4, which is attachable to the inlet

5 24 of any pitot tube, including a conventional cast pitot tube, as described more fully
below.

The insert 40 is generally formed as a three-dimensional body having an
externally-disposed shoulder 42, a neck portion 44 sized for receipt into the opening
22 of the inlet 24 of a pitot tube 10 and a channel 46 having a first opening 48
10  oriented away from the pitot tube 10 and toward the fluid in the pump and a second
opening 50 which is positioned within the bore 20 of the pitot tube 10 to be in fluid
communication therewith. The channel 46 of the insert is shown in FIG. 4 as being
straight (i.e., having a linear wall). However, channel 46 may be configured in any
suitable way that integrates the first opening 48 and the second opening 50 with the
15  1nlet 24 and bore 20 of the pitot tube 10. For example, a channel 46 that has curved
walls to match the curvature of the bore 20 in the pitot tube 10, as shown in FIG. 9,
could be adopted. Also, the first opening 48 and second opening 50 need not be
circular in cross section. The openings may, for example, be elliptical in shape or
may have any other suitable shape or geometry in cross section.

20 The msert 40 is machined by known methods, preferably from a material
which is known to be characteristically hard and resistant to erosion or wear or one
which is characteristically resistant to cavitation. Such materials include Stellite,
tungsten carbide, ceramics and other corrosion-resistant materials. The insert 40 may
be made of the same material from which the pitot tube 10 is cast. Alternatively, the
25  insert 40 may be made from a different and preferably more corrosion-resistant or
harder material than the cast pitot tube 10 so that the insert 40 may wear longer and
better than the pitot tube 10.

The insert 40 provides an advantage in construction of a pitot tube 10 by
virtue of the fact that the length 56 of the shoulder 42 can be selected to accommodate
30  the particular parameters of the application. Thus, for example, if the fluid material
being processed by the pump is known to contain entrained air or abrasive

particulates, both of which are known to cause cavitation or to rapidly erode the inlet
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24 of a pitot tube 10, the length 56 of the shoulder can be made longer so that wear
can be directed to the insert 40 and away from the body 12 of the pitot tube 10. The
insert 40 can withstand, for a longer period of operation, the abrasive or destructive
effects of the entrained air or particulates. By contrast, the fixed length of the inlet
24 of a conventional cast pitot tube 10 lacks the ability to be selectively increased in
anticipation of the demands of a particular application.

The diameter 58 of the opening 48 to the insert 40 can be selectively sized in
accordance with the known conditions of operation. As a result, head and capacity
Characteristics of the pitot tube 10 are more easily controlled and can be controlled
over a wider range of operation parameters. The ability to closely control the inlet
area of the pitot tube leads to more consistent and predictable performance of the
pump. Again, the ability to vary or select the diameter of the opening 22 of the inlet
24 of a conventional cast pitot tube is very limited since the inlet is integrally cast into
the pitot tube, and the ability to control the head and capacity characteristics of the
pump are correspondingly reduced.

The shoulder 42 of the insert 40 is machined with a curved outer edge 52
which provides the insert 40 with an aerodynamic profile. The curvature of the outer
edge 52 helps deflect fluid which strikes the insert 40 and thereby lessens the
damaging effects of cavitation and erosion. Because the size and dimension of insert
40 can be selectively varied, the amount of curvature which can be imposed on the
outer edge 52 is significantly greater than with a cast pitot tube inlet of fixed size and
dimension. Thus, the amount of curvature incorporated into the outer edge 52 of the
shoulder 42 may be varied in accordance with the specific requirements of a
particular application. For example, the curvature of the outer edge 52 of shoulder
42 could be increased to reduce the possibility of fluid separation at the inlet, thereby
reducing the potential for cavitation. Such increased curvature also reduces the
damaging effects of particulates in the fluid irnpacting on the insert 40. The curvature
of the outer edge 52 of shoulder 42 could, for example, be reduced to control the
fluid separation at the insert 40 so that the damaging effects of the cavitation would be
controlled to take place on the insert 40 itself since the insert 40 is designed to better
handle the damage caused by cavitation and is easily replaceable, unlike the cast
portion of the pitot tube 10.
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The shoulder 42 of the insert 40 is depicted in FIG. 4 as being symmetrically
shaped. It should be noted, however, that the insert 40 may be configured in any
suitable way that integrates the insert 40 into the inlet 24 and surrounding area of the
pitot tube 10 and protects the pitot tube 10 from erosive damage. Thus, for example,
the shoulder 42 of the insert 40 may be configured to extend backwards along the
leading edge 59 (FIG. 3) of the pitot tube 10 to reduce wear on the pitot tube 10.

To accommodate the insert 40 of the present invention, the inlet 24 of a cast
pitot tube 10, as shown in FIG. 3, or a pitot ube formed by any other suitable
method, 1s shortened by milling the end portion 60 of the inlet, along line 62 in FIG.
3, near the curved transition 64 between the head 18 and the elongated neck 16
portion of the body 12 of the pitot tube. The shortening of the inlet 24 by removal of
the end portion 60 enables the bore 20 near the inlet 24 opening 22 to be machined, if
necessary, to receive the insert 40. FIGS. 5 and 6 illustrate the shortened inlet 24
after the aforementioned milling process. The bore 20 of the pitot tube 10, in the
area mmmediately adjacent the opening 22 of the shortened inlet 24, may then be
machined to receive the neck 44 of the insert 40 therein.

As shown more clearly in FIG. 6, the end 68 of the bore 20 may generally be
machined to form a receiving bore 70 of any suitable shape which corresponds to the
neck 44 of the insert 40. The receiving bore 70 of the inlet 24 may be formed with a
smooth or slightly roughened inner surface to receive and retain the neck 44 of the
msert 40 1n a friction or interference fit. Alternatively, the receiving bore 70 may be
machined with threads to threadingly engage the neck 44 of the insert 40 when the
neck 44 1s correspondingly machined with a threaded surface. Still alternatively, the
insert 40 may be attached to the inlet 24 of the pitot tube 10 by such means as
soldering or brazing. The insert 40 may also be attached to the inlet 24 by means of a
suitable adhesive. Any other suitable means of attaching the insert 40 to the inlet 24
may be employed.

As noted, it may not be necessary to machine the opening 22 of the inlet 24 of
the pitot tube 10 to accommodate the neck 44 of the insert 40. particularly if the pitot
tube 10 has been cast with an opening 22 selectively sized to receive the neck 44 of an
insert 40 of a selected size. It may even be appropriate to machine the neck 44 of the

Insert 40 to fit the opening 22. In an alternative method of manufacture, as shown in
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FIG. 7, the pitot tube 10 may be cast with the opening 22 of the inlet 24 being

~smaller than necessary to accommodate the neck 44 of insert 40. The opening 22 can

then be machined to accommodate the insert 40. In this particular embodiment of the
cast pitot tube 10, one size of pitot tube 10 can be selectively sized at the opening 22
to accommodate any of a number of differently sized inserts 40, thereby enabling the
selection of a size of insert 40 which is most suitable to a given application for the
pump. '

FIG. 8 illustrates the attachment of the insert 40 to the inlet 24 of the pitot
tube 10. Once the insert 40 has been appropriately secured to the inlet 24, the pitot
tube 10 may preferably be polished, both inside (i.e., the bore 20) and out. Polishing
the outside of the pitot tube 10 smooths the surface of the pitot tube 10 rendering it
better able to resist wear, but also evens the surface 72 between the insert 40 and the
head 18 of the pitot tube 10 to provide a smooth outer profile in the pitot tube 10.
Polishing also reduces the friction between the fluid and the outside of the pitot tube
10, thereby reducing the horsepower required by the pump which, in turn, increases
it’s efficiency. The inside, or bore 20, of the pitot tube 10 is also polished to
facilitate movement of fluid and improve wear resistance. In particular, polishing the
bore 20 smooths the transition area 74 between the second opening 50 of the insert 40
and the bore 20 to thereby improve wear resistance in the pitot tube at the transition
area 74. Such polishing also reduces the friction between the fluid and the inner
surface of the bore 20 through the pitot tube 10 and reduces the head lost to friction
thus allowing the pitot pump to produce more head which results in increased
efficiency of the pump.

The nsert of the present invention can be configured in any number of ways
to attach it to the inlet of a pitot tube so that the insert is positioned or exposed to the
wear and damage typically caused by high velocity fluid striking the inlet of a pitot
tube. The insert can be secured to the inlet of the pitot tube in any suitable manner,
as well. By attaching an insert to the inlet of a pitot tube, the insert can be employed
to lessen the damage imposed on the pitot tube by high fluid velocity, thereby
extending the life of the pitot tube. The insert can be selectively designed in length
and dimension to address the specific parameters of an application while employing a

standard cast pitot tube. When the insert finally becomes worn or damaged through
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constant use, the insert can be easily removed and replaced with a new insert thereby

~eliminating the need to replace the entire pitot tube or pitot tube assembly. The

savings in time and money expended on repairs is considerable. The insert of the
present invention can be adapted to virtually any pitot tube design for virtually any
type of application. Thus, reference herein to specific details of the illustrated
embodiments is by way of example and not by way of limitation. It will be apparent
to those skilled in the art that many modifications of the basic illustrated embodiments
may be made without departing from the spirit and scope of the invention as recited

by the claims.
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receiving fluid and said opening being in fluid communication

with said bore of said pitot tube.

12. The method according to claim 11 wherein said insert

has an externally-disposed shoulder and said insert is further
machined to provide said externally-disposed shoulder with a

selected curvature.

13. The method according to claim 11 wherein sgaid opening

ct said insert is machined to a selected internal diameter.

14 . The method according to claim 11 wherein said opening

cf said insert i1s machined to a selected area.

15. The method according to claim 11 wherein said insert
18 machined to have a curved channel therethrough for

communicating with said bore of said pitot tube.

16. The method according to claim 11 wherein said insert
1s manufactured from a material different than the body of said

pitot tube.

17. The method according to claim 11 wherein said opening

of said insert is machined to a selected shape.

18. The insert of claim 1 wherein said first opening is

round 1n shape.
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