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WOrthingtOH’S research group

has bean working for several years
to perfect a practical system of
expeller shaft sealing. The result: a
series of hydrodynamically sealed
“MX" expeller pumps has been
added to our service-proved line of
hard-rmetal sturry pumps. Prasently,
MY slurry pumps are available in
sizes from 2%- to 12-inch (60 mm-
t0-300 mm) discharge with
capacities to 10,000 gpm (2300
m3/h) and heads to 165 feet (50m).

Mo-water, low-maintenance
seal.

A hydrodynamic seal has distinot
advantages over conventichal slurry
pump sealing arrangements. By
eliminating the need for a continu-
ous fhish water supply to purge the
stuffing box of ingressing solids and
contaminants, it aiso eliminates the
associated seal water supply sys-
tem, including purmp, motor, con-
trols. valves, piping, and fittings.
The clean water which is not used
for Hlushing is available for other
process use. And, of course, there
is no product dilution, and so no
additional dewatering is required at
the end of the process.

A second group of advantages
relates to maintenance. The hard-
metal expeller is designed as an
intagral part of the pump, with the
same reliability and dependability
as other components. While me-
chanical seals do not lend them-
selves to abrasive slurry service
and packing must frequently be
adjusted or replaced, an expeller
works maintenance-free untii se-
verely worn, Maintenance for the
pump is therefore limited to occa-
sional impeller axial clearance
adjustments or the replacement
of worn parts,

Principle of operation.

The physics governing expeilar
operation ars straightforward. As.
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The intertace may form at various
radial distances frorn the shaft, de-
perding on the conditions of
operation, since its diameter is de-
termined by a balance of pressures,
i.e., the sealing pressure generated
by the expeller and the opposing
pressure generated within the pump
casing. The interface diameter can
be determined from a knowladge of
expeller geometry, speed of rota-
tion, density of the mixture, and
prassure (o be sealed.

in Figure 1, the mixture to be
sealed has a pressure Py, at the hub
of the impeller back shroud. As the
mixiure floods the smooth face of
the rotating expeller, a pressure rise
occurs because of viscous pump-
ing action attributable to disk
friction. The mixture pressure is in-
creased to a value P, at the tip
radius of the expeller. Pressure P is
bhalanced by permitting the mixture
to partially flood the vaned side of
the expeller to a radial location r,.
Presence of a gas pressure (nor-
mally atmospheric), along the shalt
on the vaned side of the expeller,
completes the pressure bhalance.

The sum of the interface pressure
P, and the pressure rise developed
in the rotating ring of mixture on the
vaned side of the expeller must
equal the tip pressure P, in equi-
fitrium conditions. The lecation of
the mixture-gas interface at r, can




be altered by changing P, for a
given seal gecmetry and a fixad
rotational speed.

Designing a working seal.

The primary task in designing
a hydrodynamic seal for a particutar
pump application is that of evaluat-
ing the pressure rise developed on
both the smooth and vaned sides ¢f
the expeller for a predesignated
mixture-gas interface diameter.
This is accoemplisbed by ana-
lyzing alt of the external forces
acting on an elemental fhiid
volume dV, between two consec-
utive rotating vanes. By eqguating
} pressura
forces to
centri-
iRnR fugal
forces exertad on the fluid ele-
ment, an ordinary differential
equation is obtained, the solution
§ of which yields:

{p( - PJHIU.’M = Ml X (rt’? - r?)
29

where:
= density of fluid or mixture
= angular velocity of shaft
= qgravitaticnal constant
= radial distance from shaft
cenferling

This is an exprassion for pressure
rise across the vanes for an ideal fluid
and neglects the effects due to the
iotating inner annulus of air. To ac-
count for real fluid effects and devia-
tions from solid body rotation, a vane
coefficient based upon experimenta
data is introduced. The actual
pressure rise across the annulus of
rotating midure on the vaned side of
the expeller becomes:

[Pi - P:];ac‘:hm: = KC—S M X (rtg - rg)
ae

The vane coefficient K., is an
indication of vane effeclivenass ex-
pressed as the amount of “fluid slip”
This is often denoled as (B/w)?
where {3 is the actual fiuid angular
valocity in the expeller cavity, For
the Worthingten expeller, p/w is very
close to the ideal value of Lnity.

Similarly, the pressure rise across
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Figure 2 —
Distribution of
sealing pressure
developed by
impeller and
expeller vanes.

the tlooded smooth side of the
expeller may be expressed as:

[P~ Py Jsmooth = K pw? x (72 = 1,.%)
disk 2q

Onece again, K_is determined
experimentally and is considerably
less than K.

The total pressure Py, generated
by the expeller is the difference
between the pressure generated on

the vaned side and the smooth side.

Expeller power requirements can
be calculated from shaft speed,
torque (via a torque coefficient
related to the height of the vane)
and the ratio of interface radius to
expeller tip radius.

Optimizing the seal.

An impartant question for design
of the specific pumps is, "To what
outer vane diameter should the ex-
peller be restricted?" The pressure
ranges the expeller must seal
against need tc be clearly estab-
lished in order to keep the interface
within a realistic range of radii —
especially since the energy needs
of the expeller are proporticnal o

the fifth power of tip radius.

Figure 2 illustrates the distribution
of pressures arising from the impel-
ler and expeller vanes. In a pump,
the expelier must seal against the
pressure at the hub of the back
shroud of the impeller. This pressure
15 transmitted through the mixture,
along the shalt, to the smooth face
of the expeller.

In conventionally sealed pumps,
this would be called the stuffing box
pressure (S5.B.P). Its magnitude de-
pends on several factors, such as
the suction head (5.H.), the total
developed head (T.0.H.), which is a
function of speed and capacity. and
the effectiveness of the back shroud
pump-out vanes at generating a

sealing pressure (P}

A value for P, can be determined
frem an equation of the following
form:

P, = {constant x TDH. + SH)xp
N P;.mv

where the constant is a fraction which

can be determined experimentally for

any pump geometry.

This means that when all other
parameters remain constant;




1. As capacity is decreased at a
fixed operating speed, the pres-
sute which the expeller must seal
against is increased.

2. As suchon pressure is increased,

the total pressure which the expel- swsig standard
g w exXpelier

ler must seal against is increased.
3. As pump-out vane effectiveness )
deteriorates due to vane wear and
impeller axial clearance adjust-
ment, the expellar must seal
againsl a4 greater prassure,

These were some of the param-
eters requiring definition, o assure
a satisfaclory seal against all
stuffing box pressures which might
be met in service. The resulting
optimized expeller 1o impeller
diameter ratio resuits in a pump line
that maintains & functional seal over
a wide pressure range—even under
high-suction pressures—with lowest
possible expenditure of energy.

' Part of a proven pump line.
The expeller pump was designed
to use the greatest number of exist-
ing pump parts, to take advanlage
of the well-proved reliability and
efficiency of Worthington's slurry ‘ g,
pump line, and to maintain
iterchangeability. As a result, the
Worthington expeller package can
readily be retrofitted in the field and s Standard
served from the same basic spare b
parts inveniory.

Figure 3 is a sectional view of the
axpeller slurry pump. The expeller
fits over the shaft and is mounted on
the end of the shaft sleeve. The
inpelier is then threaded onto the
enc of the shall, securing the expel-
ler firmly in place.

The expeller housing is a single
niece casting which mates with the
easily replaceable expeller wear-
plate. The housing fits over the
expeller and into the stufting box
head. The stuffing box head, which
can house an optional grease-lubri-
cated static seal system, fits into the
bearing tframe flange, and the
casing bolts tightly clamp the entirs
assembly in place.

B o ) Figure 4 — Effect of expeller unit on 3-inch {76mm)
The entire liquid end, bearing slurry pump performance.
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Figure 5—

New expeller
pump undergoes
tests in the iab
at Brantford.

frame, and bearing cariridge as-
sembly are the same as the
standard, service-proved type M
slurry pump. The expeller package
is very easily instalied in the purmnp.
Each standard bearing frame has
the same size expeller for its varicus
liquid-end opiions, and the greatest
sealing prassure is obtained by
selecting the smallest iguid end of
that frame size.

Wear-resisting materials.

All expelier components subject
to wear are made from hard metal
ranging from 500 to 600 Brinell to
provide the greatest resistance to
abrasive wear which results from
low-angle particle impingement.
The material has been proved in
conventional slurry pumps for many
years.

The expeller parts have sufficient
wear allowance to ensure a service
life comparable with or better than
the hiquid-end parts to avoid need
for premature disassembly.

Efficiencies stay high.

Of course, you don't get some-
thing for nothing. While saving on
flush water and associated pump-
ing costs. plus dewatering and its
energy costs, an expeter pump is

slightly reduced in overall efficiency
because of the small amount of
additional power required to main-
tain an effactive seal. As Figure 4
illustrates, the addition of the ex-
peller has no effect on the head-
capacity curve. Expeller power con-
sumption is minimized by optimiz-
ing vane shape, vane height, num-
ber of vanes, and expeller diameter
The small dehit to efficiency should
quickly be reclaimed in overall main-
terance savings, reduced down-
time, and elimination of flush water
supply and associated equipment.

Process applications.
Worthington's hydrodynamicaily
sealed slurry pump offers the best
of hoth worlds: a new and improved
seal system, combined with proved
dependability of our existing suc-
cessful slurry pump line. The
expeller pump should be consid-
ered for any application where
abrasive particles cause frequent
packing falure, where clean water
supply is limited, and where dilution
of the pumped mixture cannot be
tolerated. It should find many ap-
plications in the potash, coal, and
copper processing industries.




