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ABSTRACT

For applications that involved fluids with a high rate of change
of vapor pressure or low specific heat, it was found that there could
be inadequate flow through the thrust bearing. This effect was
compounded by the heat generation due to the eddy currents that
occur in magnetic drive pumps with metallic shells.

This paper describes a computer simulation to predict the flows,
pressures, and temperatures in magnetic drive sealless pumps. The
program has been developed using both theoretical and test work.
The objective of the program was to provide reliable selection of
magnetic drive pumps; this was accomplished by taking into
account the effects of viscosity, vapor pressure, and other liquid
properties on the local pressures in the pump.

The goal of this program was thus to simulate a customer’s
desired application of a particular fluid at an operating pressure,
temperature, NPSH, and speed. The resulting conclusion would be
whether the customer’s fluid and operating conditions were
applicable for sealless pumps. Warnings are output through the
graphical user interface of the program at the various points,
should flashing occur using the particular fluid.

The testing involved a wide range of pump sizes. Within each
size, an extensive matrix involved running at different speeds,
different cut impeller diameters, and from shutoff through runout
condition. The units were tested with different shell configurations
and different materials. These included polyetheretherketone
(known as PEEK), Alloy C-276, and a dual containment consisting
of both materials.

The design of the back shroud influences the magnitude of the
hub factor. This is because the traditional affinity laws cannot be
applied to the calculation of the axial load for a semiopen impeller
with a scalloped back shroud, pump out vanes, or pump out slots.
One of the important findings was that the impeller hub factor,
which is required for the computation of the axial load, changed as
a function of speed and cut impeller diameter. It was also found
that pump out vanes or pump out slots significantly enhanced the
lubrication through the bearings and across the magnets.

Part of the verification involved performing tests with different
bushing clearances and grooving configurations. These were
analyzed empirically to confirm the coefficients that were obtained
from experimental methods.

In order to examine the possible operation of the pump when
handling the user’s particular fluid, the flow is simulated in the
program using a graphical user interface. A graphical output is
given of all the pertinent locations in the system, such as the thrust
collar face or the gap between the driven magnets and the shell.
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The program currently calculates the pressure, flow, and
temperature within the flowpath, along with the axial thrust, at five
pump operating flow conditions expressed as a percentage of the
best efficiency point.

INTRODUCTION

In recent years, the increasing emphasis on the prevention of
leakage of process fluids in many areas of application has led to the
introduction of sealless pumps (Buse and Stoughton, 1990;
Hernandez, 1991; Mayes, 1990; and Schommer and Johnson,
1990). Some of these are canned motor pumps and others are
driven through a magnetic coupling by a standard motor. This
paper focuses on the latter type. The purpose of a sealless pump is
to replace a shaft that penetrates into the atmosphere, and to
directly drive the impeller. A magnetically driven sealless pump
has a sealed containment shell, thereby driving internal magnets on
a shaft that has an impeller attached to it. Sealless pumps have been
avoided by some users in light hydrocarbon services for two main
reasons. Light hydrocarbons tend to flash very easily. Also, light
hydrocarbons tend to have very poor lubricating properties.

The concept of magnetically coupled pumps has been
introduced in previous pump users symposia (Buse and Stoughton,
1990; Hernandez, 1991; Mayes, 1990; and Schommer and
Johnson, 1990). It has also been shown that construction details
that have caused problems in the past can be resolved by
innovative applications of new and emerging technologies (Heald,
etal.,, 1992).

Magnetically coupled pump technology has seen the use of
innovative designs, materials, and application techniques. The
power transmitted has increased, while increasing the drive
efficiency (Mayes, 1990).

Magnetic drive pumps were reintroduced as a viable alternative
to sealed pumps in 1987 to 1989. Because of the development of
rare earth magnetic materials and silicon carbide bearings,
magnetic drive pumps dominated the scene.

PUMP CONFIGURATION

This paper describes a program to predict the flows, pressures,
and temperatures in magnetic drive sealless pumps (Figure 1). The
magnetically driven sealless pumps for which this simulation was
developed had semiopen impellers in an end-suction, single-volute
configuration. The impellers are scalloped and have either pump
out vanes (Figure 2) or pump out slots to reduce the axial load. The
pump also had a containment shell that could be either metallic,
nonmetallic, or dual containment, which is a combination of both.

impeller N rol_aling magnet
::‘ c;pn:m slot\ g containment shell
balance hole
% ‘ 1 thrust collar
\/ \ ] hollow shaft

—
front bearing

back bearing

Figure 1. Magnetic Sealless Pump Components for the Internal
Flow System.

Figure 2. Typical Semiopen Impeller with a Scalloped Shroud and
Pump Out Vanes on the Rear of the Shroud.

FLOWPATH

Inside the sealless pump is a complex internal flow system that is
crucial to the successful operation of this type of machine, due to the
need to effectively cool the magnetic drive and lubricate the bearings.
With low specific heat volatile liquids, it is important to be able to
predict flashing, which could result in premature pump failure.

The containment shell, installed between the inner driven and
outer drive magnets, prevents the internal flow from leaking to the
atmosphere. When this shell is made of a conductive material, it
will generate eddy currents. The eddy current losses in the shell
generate heat, which will consume 10 to 20 percent of the pump
horsepower. For example, when using a metallic shell, the eddy
currents can cause the temperature of the lubricating fluid to
increase by 0.3°F to 10°F, which can result in the flashing of the
pump fluid and therefore pump damage. In order to conduct this
heat away and to avoid vaporizing in the shroud area, a certain flow
through the gap between internal rotor and shell is required. Most
magnetically coupled pump designs use the pumped liquid to
lubricate the bearings and to cool the area surrounding the magnets.
A portion of the heat is removed from the internal flow of the liquid
through the lubrication system. Both the thrust and radial bearings
are lubricated by the pumped fluid, which is required to avoid
failure. The internal circulation in the various portions of the
flowpath of a typical pump model is shown in Figure 3 and Table
1. It can be seen that in this particular flowpath, the fluid does not
return to the suction of the impeller. The circulation (Qy) starts from
behind the impeller and enters between the bearings. The flow splits
into three portions where one portion goes through the back
bearings (Q;,). Another portion of the fluid goes down the center of
the shaft (Q,) to the rear of the containment shell and across the
magnets (Q,,), and then between the inner rotor and containment
shell. Then it goes to the impeller hub (Qy,) to return to the impeller
discharge. The third portion passes through the face of the front
bearing (Qg,), returning to the impeller hub. The fluid circulates and
returns to the impeller discharge after the fluid has removed heat
from the bearings and magnetic coupling in the containment shell.
Thus, vaporization of the product through temperature rise in the
magnet area is inhibited. A small portion of the flow also passes
through the vent and drain openings (Q,4). Various investigators
conducted tests to determine the pressure at the locations
throughout the internal system. Knowledge of the temperature,
pressure, and flow of the internal flowpath prevents the occurrence
of bearing failures. This paper describes how detailed information
of the internal flowpath was obtained experimentally and then
coded into a computer program for pressure, flow, and temperature
prediction at various locations.
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Figure 3. Internal Flow Nomenclature.

Table 1. The Leakage Flows in the Flowpath of a Typical Pump
Described in Terms of Pressure Developed.

The leakage flows in the flowpath of a typical pump
are described in terms of the pressure developed as follows:

Qr=0324 . ¢, HOS
Qp = 0.085 . ¢, HOS
Quq = 0.079 . c, .H°S
Q, = 0.16 . ¢, HOS
Qr=(Qug + Qy + Qp)
Q= 0.127 . ¢, .HOS
Q,=0.127 . c, HO
Quy = (Qr- Qp - Q)

The customer’s fluid properties, such as specific gravity, vapor
pressure, viscosity, and specific heat, are some of the most
important elements for successful pump operation. In particular,
they affect the bearing life. The fluid specific gravity and viscosity
will affect the pump horsepower and developed pressure
requirements. Furthermore, the rapid change with temperature of
these properties increases the chance of the fluid flashing. For this
reason, the slope of the curve of vapor pressure as a function of
temperature is extremely critical in the operation of a sealless
pump. The higher the rate of change of vapor pressure, the more
risk of the fluid flashing with a small increase in temperature; thus
the greater risk of fluid flashing in the bearings or around the
internal rotor causing temperature rise and wear problems. The
fluid viscosity is also important because of the hydrodynamic or
frictional losses from the flow in the internal flow passages.

If the fluid pressure approaches the vapor pressure along the
flowpath, the fluid could vaporize and cause problems with removing
the heat generated by the magnetic coupling. Knowledge of the
internal flow is vital to reliable sealless pump operation; hence, the
flowrate, pressure, and temperature are given at critical areas.

EXPERIMENTAL MEASUREMENT

To confirm the circulation system, testing was performed with
each pump size and with the different combinations of shells. By
cross drilling passages in the casing cover, it was possible to access
key areas inside the wet end to collect flow, temperature, and static
pressure data during pump operation. The experimental setup for
pressure measurements is shown in Figure 4.

Figure 4. Pressure Measurements.

The results for each passage within the flowpath were then
compared with analytical predictions, and adjustments were made
to obtain agreement between the two. Pressure and flowrate
information for an individual flowpath location (Qup, Qs Qps Qs
Q,, and Q,4) was obtained by blocking other paths. In some cases,
more than one flowpath was investigated at the same time.

In order to obtain the individual flowpath flowrates, an external
injection port was drilled into the casing cover and the internal
injection path was plugged. In this way, a known artificial leakage
flow could be injected and the pressure drop across a particular
flowpath could be measured. Pressure measurements were made at
various flowrates of the pump. After measurements were made on
the individual flowpaths, the pump was run as a unit so that overall
measurement of the flowpaths could be made. These pressure
readings were compared with the previous tests to determine the
flowrate at the various locations.

These data readings were obtained on 14 different sizes of
pumps, which included two basic magnet frame sizes nominally 5
hp and 20 hp, four ANSI B 73.1 liquid ends, and 10 ISO liquid
ends.

The size of the clearance and the size and number of flush
slots in the front bushing (Qg,) determines how much flow will
pass through the back portion of the flowpath. The vent and
drain (Qq4), along with the hub (Qy) return, were plugged to
obtain Qg, Pressure readings were obtained between the
bushings (Py,) and at the impeller hub (P},) to obtain a pressure
drop. Tests were done with a static shaft and with the shaft
operating at 1750 and 3550 rpm. The tests showed that there
was little difference between the static shaft results and the
operating speeds results.

The vent and the drain paths (Q,4) were tested as a pair. The hub
return (Pp,) and the front bushing (Py,,) leakage path were plugged.
Pressure readings were obtained at the magnet chamber (P;) and
at the exit of the vent and the drain. Results obtained from these
measurements also showed no difference between the data
obtained with a static shaft and that obtained with the operation of
the shaft. .

The front bushing, vent, and drain flowpaths were plugged.
Pressure readings were obtained at the magnet chamber and the
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impeller hub. The size of the return hole by the impeller hub (Py,)
controls the amount of flow through the back portion of the
flowpath and also affects the pressure gradient across the back
shroud of the impeller. The optimum amount of flow for cooling is
achieved such that the impeller hub pressure is kept low and a low
impeller axial load is obtained.

The internal injection flow (Qg) is due to the pressure drop
between the impeller peripheral pressure and the pressure between
the bearings. The loss at the entrance to the injection path is a
combination of loss factors due to turning, swirl, and entrance
loses that were difficult to predict empirically.

The front bushing, back bushing, and balance holes in the inner
carrier were plugged. Pressure readings were taken at the end of
the shaft hole (P.) and compared with readings between the
bearings (Py,) to obtain the losses through the shaft. The pressure
drop across the magnets was also obtained.

The front bushing and balance holes in the inner carrier were
plugged. Pressure readings were obtained between the bushings, at
the periphery of the thrust collar (P,,4), and in the magnet chamber
(Pme)- The readings at the back end of the shell (Py,) were always
higher than at the shaft hole (P).

The thrust collar has four radial grooves. The pressure at the tip
of the thrust collar (P,4) was taken and compared with the pressure
between the bushings (Py;,) to determine how much pressure was
generated by the radial slots. The loss through the back bushing
was also taken into account. This was compared with the
theoretical gain in pressure from the slots and a favorable
comparison was obtained.

VISUAL VERIFICATION

In addition to pressure, temperature, and flow measurements, a
clear shell made of polyurethane was used for flow visualization.
Tufts of thread were attached to the casing cover, the inside of the
shell at the end of the shaft, the end of the magnets, along the
magnet length, and by the magnet chamber. In order to observe tlie
flow, the outer carrier was removed. The impeller was reworked so
a drive shaft could be attached through the suction nozzle (Figure
5). The pump was run at various speeds and flowrates. The main
concern was the direction of flow across the magnets. Since the
velocity at the tip of the magnets is much greater than the axial
velocity of the flow, the tufts were aligned at a 70 to 80 degree
angle to the centerline of the shaft, and were pointing toward the
magnet chamber at all flows. The results of the flow visualization
are shown in Figure 6. Even with the tufts, it was difficult to
observe the direction in which the flow was going at the center of
the shaft. To verify the direction of flow further, bright green dye
was injected into the external hole while the internal flowpath was
being used. This not only verified the direction of the flow through
the shaft and out past the magnets, but also allowed for the
determination of the transit time for the flow to pass through the
system.

VERIFICATION OF THE EXPERIMENTAL RESULTS

The pressure differential across the individual flowpaths when
the pump was operated normally was compared with the
corresponding differential that was obtained by external flow
injection. In this manner the flow through the paths during pump
operation was determined.

The experimental setup for the measurement of temperature is
shown in Figure 7. After results were obtained for pressure and
flow, temperature probes were placed in similar locations to those
of the pressure probes. The temperature probes were placed at the
pump discharge, the inlet, the impeller hub, between the bearings,
and the thrust collar. Measurements were taken at four speeds, with
four impeller diameters per pump size using a carbon-reinforced
PEEK shell, an Alloy C-276 shell, and a dual combination shell.
This was also done with different configurations of the back
shroud of the impeller.

Figure 6. Visualization of the Lubrication Flow Inside the Shell.

Figure 7. Temperature Measurement.
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Using analytical equations and test data, and taking the liquid
viscosity, specific gravity, and specific heat into account, a
predicted temperature rise across the face of the axial thrust
bearing was determined. In the computer program, the user is
required to enter the vapor pressure as a function of temperature
for the liquid under investigation. Because the testing was done
with room temperature water, corrections due to viscosity, which
were obtained from Hydraulic Institute Standards, needed to be
made. The pressure along the flowpath is compared with the vapor
pressure of the liquid at the corresponding temperature. When the
local pressure is within 10 percent of the vapor pressure, a warning
signal is illuminated at the location of this low pressure. The user
should then make adjustments to the system to prevent possible
problems.

Developed Pressure

From the user’s initial selection of pump speed and impeller
diameter, the dynamic pressure is calculated. It is in terms of the
dynamic pressure given by Equation (2) that the pressures at the
various points in the flowpath have been calculated in the program.

_
= 2,g (N
_ Hsg

P= 3300 @

The pressures at various locations in the flowpath are shown in
Figure 8. (The values of head shown correspond to the flows of the
example given in Figure 3, as shown in Table 2.)

Figure 8. Internal Pressure Nomenclature.

Temperature Calculation

Depending on the amount of load and speed of operation, the
face of the thrust collar can be operating in boundary or
hydrodynamic lubrication. When in boundary lubrication, a
limiting PV value is the acceptance criterion. With hydrodynamic
lubrication, the film thickness, which takes the viscosity,

Table 2. Pressure in the Flowpath Expressed as a Ratio of P.

3% | 20% | 50%
P, | 039 | 036 [ 0357 ] 033 [ 0.27
P, | 039 [ 036 [0357 | 033 | 0.27
P 039 | 034 [ 034 | 033 | 027

100% | 120%

mc
P, 0.24 0.22 0.221 0.14 0.06
P 0.25 0.23 10.2295( 0.21 0.17

cs

P, | 0.31 | 0.29
P, | 031 | 029

0.289 | 0.26 0.22
0.289 | 0.22 0.12

temperature, specific gravity, specific heat, and shear stress into
account, is the acceptance criterion.

In either case, the viscous drag associated with lubrication is
expressed as horsepower, which produces a corresponding
temperature rise across the thrust face for the amount of liquid
passing across the face. The total temperature-pressure is
compared to vapor pressure at that temperature.

The components of axial load are impeller load and load from
the pressure on the inner magnet carrier caused by circulation of
fluid in the containment shell. A study was conducted (Guinzburg
and Buse, 1995) to measure the hydraulic loads generated by
semiopen impellers. These results were incorporated in the present
analysis. The capability of the surface depends on whether there is
hydrodynamic or boundary lubrication. It is best to maintain
hydrodynamic lubrication. Because the impeller is the greatest
contributor to the load, the load is maintained at a minimum by
scalloping the shroud of the impeller and employing pump out
vanes or pump out slots. The scalloping reduces the amount of area
that the pressure behind the shroud acts on. The slots or vanes
reduce the pressure and also create the driving force of the flow
throughout the path. Tests were conducted with various sizes and
numbers of slots and vanes to obtain the optimum flow without
consuming excessive horsepower.

The pressure at the hub of the impeller as a percentage of the
impeller developed pressure is represented by k. This is a
significant parameter that affects the calculation of the axial load
on the impeller. Thus, tests were conducted on how k; changed
with changes in pump flow, impeller diameter, change in speed,
and change in the peripheral shape of the impeller shroud.

The value of k, does not follow the slope of the performance
curve. This is because it is affected by the developed pressure
within the volute and not the total pressure. As a result, the
impeller load is almost constant with change in flow, with a
downward slope toward higher flowrates. Thus, a higher axial load
at flowrates above the best efficiency point is obtained than if the
total developed pressure had been used (Guinzburg and Buse,
1995).

The axial load does not change as the fourth power with cut in
impeller diameter, because the amount of scalloping of the back
shroud is reduced as the impeller is cut. This increases k; and
results in a higher load. It was found that the load changes with the
square of the impeller diameter. '

The pressure at the hub does not change with the square of the
speed, because the swirl generated by the pump out vanes or pump
out slots and the return flow to the hub affect the pressure
distribution on the shroud.

These values for k;, as a function of impeller configuration
obtained from experimental observation, are stored in the program
database. The axial load is therefore predicted on the basis of the
liquid characteristics along with the impeller configuration and
speed of the pump. The load is given for flowrates that are 3
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percent, 50 percent, 100 percent, and 120 percent of the best
efficiency flowrate. Another feature is that the program can
indicate whether the loading is due to boundary or hydrodynamic
lubrication. A warning is given if the bearings are overloaded for
that application.

From testing, the carrier contribution to the axial force was
experimentally determined. Equation (3) is the contribution from
the impeller only.

H =
Fimpelter = [(Ca d?—dD)(Ca+kp)~(Cad—d}) Cpl'sg 553557 3)

Experimentally determined coefficients of the pressure at the
impeller back hub location are given in Table 3 for some typical
pumps, in terms of &, for various diameter cuts and flowrates as a
percentage of BEP flow.

Table 3. K}, for a Typical Pump for Various Impeller Diameters and
Pump Flows.

12 d/d, > 0.87 87 2 d/d, > 0.8 82 did; > 0.65
ky (3%) 0.28 0.38 0.42

ky (20%) 0.23 0.31 0.35

ky (50%) 0.23 0.31 0.35

k;, (100%) 0.16 0.22 0.24

K, (120%) 0.13 0.18 0.2

The pressure on the thrust collar is given by Equation (4) and the
PV value is given by Equation (5).

Faxial
Pegttar =~ 4 “
60
PV = Peyjlar A TPm- 229 ®

Liguid Temperature Distribution

The temperature distribution in the liquid arising from the
energy inputs at significant points along the flowpath must be
determined in order to establish the corresponding vapor pressure
values. Figure 9 defines these points.

Derivation of the Thrust Collar Temperature Rise

The most important step in bearing design is the determination
of the operating regime of the bearing.

Full film lubrication is the term given to the condition whereby
the sliding surfaces are separated by a full film of lubricant. The
film thickness must be several times the surface roughness of the
surface to prevent contact.

Also, as is more common in sealless pumps, the films can be self
generating by favorable surface geometry and relative surface
velocity. This is hydrodynamic lubrication.

The characterization of load versus film thickness can be made
as follows (Shapiro, 1991):

F py0-000252
6:11-0.000000145-(rpm-55) 12

w

©

where w is a dimensionless load parameter.
For w > 0.0992, the dimensionless film thickness ¢ is given by:

t = 0.06 ¢}
For w <= 0.0992, the dimensionless film thickness ¢ is given by:

0.0024

t —_—_—
w + 0.10082

®

Figure 9. Internal Temperature Nomenclature.

For hydrodynamic lubrication, the shear stress is:

0.0000308628
B ©

1= drpm-
and the hydrodynamic lubrication load is:
L=tvA 10)
On the other hand, the boundary lubrication load is:
L = 0.03-Fpyia 11)
The larger of these two loads is ﬁsed in the calculation for the

thrust collar temperature rise. The thrust collar temperature rise is
found from the corresponding horsepower:

. d, rpm
bp =L 63000 12)
Thus the temperature rise is:
5.1'hp
ATcoprar = Qpp-S2CP (13)

The temperature rise across the magnets is derived from the eddy
current horsepower:

= sHp.( P 2
hp = 3HP-( 3550 ) 14)
Hence, the temperature rise is as follows:
_ CyS.1-hp
ATmagnet - Qm~sg-cp (15)

From the results of measurements, the temperature between the
bushings, the temperature at the ID of the thrust collar, the
temperature at the center of the shell, and the temperature at the
back of the shell at the OD of the magnet are assumed to be
identical and equal to the temperature at the discharge flange
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obtained by calculating a temperature rise of the liquid passing
through the casing.

The temperature at the mean diameter of the thrust collar is
given by:

Ttmd = Tbb + ATcollar (16)

And the temperature rise across magnets is:

ATmagnet'Qm + ATcollar'[be ~ (Qn — Qs)]
Qbp + Qn

The temperature at the impeller hub is related to the discharge
temperature through an energy balance of the fluid from the
magnet chamber mixing with the fluid from between the bearings
as follows:

AT, = an

Ty = Tdischarge + ATh (18)

PROGRAM INPUT AND OUTPUT

The user enters a limited amount of information that includes the
particular pump selection and fluid properties:

e Pump size
® rpm
¢ gpm
o Impeller diameter
o Inlet pressure expressed as NPSH
e Operating temperature
e Vapor pressure at operating temperature
® Vapor pressure at two other temperatures to characterize the fluid
e Specific gravity
® Viscosity
e Specific heat

Other information such as geometrical dimensions and
performance data have been stored in the program database. Data
are stored as either specific to the frame (model) size or more
specific to the particular pump size. For each frame (model),
constants are stored in the program so that the user does not have
to enter them each time. The input screen for the program is shown
in Figure 10. Because the program has been developed for

worldwide use, the terminology can be selected in Metric Mode or
in Customary US Mode.

| Description Unts
| QOMetic @ Customary US

Impelier diameter, inches

Head at BEP, ft

Flow at BEP, US GPM

NPSHA, ft

specific graviy

viscosity, @

specific heat. l:l BTUALVF
Inlet Temperature, F

psia

vapol pressure,

Inlet Temperature + 10, F

@ Alloy €_278 .
= vapol pressuie, (22 psia
€ Non metalic Peek

® Dual Cortainment Inlel Temperahure + 20, @] F

Yapor pressure, E psia

Figure 10. Input Screen for the Flowpath Program.

When the user has selected the conditions for analyzing the
lubrication flow inside the magnetic drive pump, the results can be
examined as a graphical output. In Figure 11, the flows resulting
from the input conditions given in Figure 10 are shown. The
pressure distribution is shown in Figure 12. Alongside the
pressures, the vapor pressures for the given temperature at the
specified location are also given. Should the vapor pressure be
within 10 percent of the pressure, a warning signal is shown to
alert the user of the possibility of flashing. In Figure 13, the
temperature distribution is shown. The user may obtain printouts
from 1 to 15 selected points as shown in figure 14.

Flow Distiibution

1.5x1x8 MPX
Frame size: 100
Row 2 Magnet Series
Shet Alloy €_276 i
ISORPM  wed, May 281997 I
Impeler dameter,
Head at BEP.
Flow at BEP. 162.0
NPSHA, 10
speclicgady  0.951
viscosity, 0.266
specilic heat, 1
Inket Tempe:anse, 230

vapot prossure, 20 pio
Indet Temperahre + 10, 240
22
250

Pump flow at bep. 162 GPM
units in GPM

238

T N
1.9 [includes drain and vent)

R

vapx pressue,
Irkst Temperature + 20,

Figure 11. Flow Distribution of the Lubrication Path for the
Conditions Listed in Figure 10.

1.5x1x8 MPX
Frome size: 100
Row 2 Magnet Seres
Shek Aoy €_276
3550 RPM Tue. Jul 291537
Impeler ameter, 0 inches
Head ®BEP, 238 R

Flow & BEP,  162.0 GPM

NPSHA, 0t
specfic govty 0,951
\ viscosky, 0.266 cp
~ A speciic heat. 1 BTUBF
N A7) \\ Inket Temperaturo, 230 F
\ NN/ S8
N
E Irdot Temperatue + 10, 240 F
vapor presaure, 22 psia
] \ Inist Temperatwrs + 20, 250 F
k VaDOr prossure, 25 peia

Figure 12. Pressure Distribution of the Lubrication Path for the
Conditions Listed in Figure 10.

APPLICATION LIMITATIONS

When the pressure along the flowpath is within dangerous
proximity to the vapor pressure, a warning is displayed. The axial
loading on the thrust collar is also limited and an error message is
produced when this value is exceeded.

In addition, the following inputs are checked for correctness:

e If the impeller cut specified is less than the minimum percentage
of the maximum impeller OD, as published in the price book
curves, then a message is issued and the user is forced to select
another pump size.
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Figure 13. Temperature Distribution of the Lubrication Path for the
Conditions Listed in Figure 10.
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Figure 14. Print Selection Screen for Conditions at Various
Flowrates.

o An error message is also generated if the user attempts to use an
impeller diameter that is greater than the size of the maximum
impeller OD.

o The program does not handle any viscosities greater than 260
cp, and any value above this is rejected.

CONCLUSIONS

A computer program that utilizes graphical user interfaces was
designed to analyze the internal flow system in a magnetically
driven sealless chemical pump, which employs high torque rare-
earth magnets. The pumps for which this simulation was developed
have a semiopen impeller in an end suction single volute.

The program is a result of both theoretical and test work. The
testing involved a wide range of pump sizes. Within each size, an
extensive matrix involved running at different speeds, different
cut impeller diameters, and from shutoff through runout
conditions. Measurements of pressure, temperature, and flow
were obtained for each individual flowpath within the lubrication
system. The results for each passage within the flowpath were
then compared with analytical predictions. These results have

been used to generate the database for the program, which
simulates the flowpath in the lubrication system of a magnetically
driven pump.

The computer simulation predicts the flows, pressures, and
temperatures of individual flowpaths, along with the axial load, by
taking into account the effects of viscosity, vapor pressure, and
other liquid properties on the local pressures in the pump. In order
to examine the operation of the pump in the user’s particular fluid,
the flow is simulated in the program using a graphical user
interface. A graphical output is given of all the pertinent locations
in the system, such as the thrust collar face. This is of particular
concern with low specific heat volatile liquids. With these liquids,
it is crucial to be able to predict flashing, since this could produce
premature pump failure.

NOMENCLATURE

A = area of the thrust collar, in?

BEP = best efficiency point

BHPggp = brake horsepower at the best efficiency point at 3550
rpm, hp

BHP,, = brake horsepower of the pump at shutoff

Ca = axial factor, which depends on the percent cut diameter

Cu = empirical factor, which depends on the type of shell

Ch = viscosity correction to pressure, from Hydraulic
Institute Standards (HI)

Cq = viscosity correction to flow, from HI

Cq = viscosity correction to efficiency, from HI

d = impeller diameter, in

d; = impeller inlet diameter, in

d, = maximum impeller exit diameter, in

dg = shaft diameter, in

dp = mean diameter of thrust bushing, in

F.ia = axial load, Ib

g = acceleration due to gravity, ft/sec?

H = developed head, u?/2g, ft

ky, = experimentally determined coefficient of static head at
the impeller hub

L = load on axial thrust bearing, 1b

P = developed pressure, psi

Py, = pressure between the bushings

| = pressure at the OD of the thrust collar

P = pressure in the magnet chamber

Py = pressure at the impeller hub

| = pressure at the centerline of the shaft at the shell end

Pygo = pressure at the back of the shell at the OD of the
magnet

Pyq = pressure at the ID of the thrust collar

Q = flow in gpm

Q¢ = injection to the flowpath

Qs = flow through the front bushing

Qua = flow through the vent and drain

Qn = flow through the hub return

Qmn = flow across the magnets

Qs = flow through the shaft

Qbb = flow through the back bushing

Iy = outside radius of thrust collar, in

t = dimensionless film thickness (Shapiro, 1991)

u = impeller tip speed at the cut diameter, ft/sec

w = dimensionless axial load (Equation (6))

WP = effective weight of metal parts of pump, 1b

sg = specific gravity

\% = volume of liquid contained in the volute, gal

SHP = horsepower consumption due to eddy currents

n = efficiency at cut impeller diameter

T8 = dynamic viscosity, cp

v = kinematic viscosity, cs

L = shear stress on fluid in axial thrust bearing, psi
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