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2 Vertical pumps
2.1 Types and nomenclature
2.1.1 Definition of vertical pumps

1) All vertical pumps contain one or more
bowis (diffusers);

2) The pumps are equipped with one of the
following four types of impellers:

a) radial flow;

b) modified radial flow (turbine pumps);
¢) mixed flow;

d) axial flow (propeller pumps).

3) The pumps, particularly the radial flow and
modified radial flow types, are usually
designed for multistaging, by bolting or thread-
ing individual bowls together,

4) The pumping element (bow! assembly) is
usually suspended by a column pipe, which
also carries the liquid from the bowl to the
discharge opening;

5) The driver is mounted either:

a) on the discharge head (lineshaft
pumps);

b) directly to the bowl assembly, either
above or below (pumps with submersible
motors);

¢) in a horizontal configuration, such as an
electrical motor or engine, driving through a
right angle gear.

2.1.2 Types of vertical pumps
See Figure 2.1 Vertical pump types.
2.1.21

This type of vertical pump is commonly installed
in a drilled and cased well. lts function is to lift
liquid (usually water) from the water level in the
well to the surface and provide a specified dis-
charge pressure at the surface (see Figure 2.4).
The pumping element consists of a single or
multistage bow! assembly and is located below
the lowest pumping level. The bow! bearings are
usually lubricated by the pumped liquid. The
column pipe and lineshaft assembly is either an
open type product lubricated assembly or
enclosed type oil or external liquid lubricated as-
sembly. The column pipe is supported at the sur-
face by a discharge head. The discharge head

Deep well (lineshaft)
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directs the water from vertical to horizontal flow
and also supports a driver. A shaft sealing
arrangement is contained within the discharge
head. This type of pump is self-priming.

2.1.2.2 Wetpit, short setting or close-coupled
(lineshaft)

This type of vertical pump usually is suspended
in a wet pit. See Figures 2.4 and 2.7. The pumping
element can be fitted with a bowl assembly of any
desired specific speed. Normally the bowl as-
sembly bearings are product-lubricated; however,
they can be force-lubricated by grease, water or
other lubricants. The column pipe assembly sup-
ports the bowl assembly and houses a lineshatft.
The lineshaft bearings are usually open type,
product-lubricated. However, enclosed type
lineshatft force-feed lubrication with oil, grease or
water may also be supplied. Generally, enclosed
type lineshaft, gravity-feed lubrication is not
recommended except where the pressure head
above discharge head control line is less than 30
ft. (10 m). A shaft sealing arrangement is con-
tained within the discharge head on product-lubri-
cated pumps. This type of pump is self-priming.

2.1.2.3 Barrel or can (lineshaft)

This type of pump is mounted in an enclosed
container (barrel or can) and generally is used in
booster applications and where inadequate suc-
tion pressure conditions exist (see Figure 2.6).
The can pump contains the same pumping ele-
ments and column pipe as the wet pit type pumps.
The lineshaft bearing assembly is almost always
product-lubricated. The discharge head performs
the same functions as the wet pit head except the
base is sealed to atmosphere. Liquids other than
water are commonly pumped by this type of
pump. This type of pump is very effective where
inadequate system NPSH is available. Additional
NPSH is created by extending the pump can
length and bow! assembly to create additional
submergence (suction head).

2.1.2.4 Submersible

This type consists of an electric drive moctor
coupled directly to the bowl assembly. See Figure
2.5. The driving “submersible type” motor and
bowl assembly are designed to be submerged in
the fluid pumped. The pumping element usually
is of the turbine bowl design; however, mixed flow
and propeller types are also available. This type
of unit is normally used in wells and occasionally
for wet pit or canned booster service.
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2.1.3 Classification by configuration

Listed below are the general configurations that
describe vertical pumps.

2.1.3.1 Mounting, above and below floor dis-
charge

Vertical pump bowls discharge the pumped liquid
into a column, which takes it to the discharge.

There are two basic types of pump discharge
configurations. Pumps with above floor discharge
(see Figure 2.7) and pumps with below floor dis-
charge (see Figure 2.9 ). The driver is mounted
above the floor in both.

2.1.3.2 Hollow/solid shaft driver

The hollow shaft drivers (see Figures 2.4 and 2.9)
have the top section of the head shaft installed
inside the tubular hollow driver shaft. The cou-
pling of the head shaft to driver is arranged on top
of the motor and has a provision for axial lineshaft
adjustment. Standard dimensions for the coupling
are shown in Figure 2.11.

The solid shaft driver (see Figures 2.6, 2.7 and
2.8) is coupled to the lineshaft by an axially ad-
justable rigid coupling. The coupling is instalied
below the driver on the extended driver shaft.

2.1.3.3 Open/enclosed impeller

Atypical semi-open impeller (see Figures 2.4 and
2.10) has a back shroud, with integral impeller
vanes, but the vanes are open to the front (no
front shroud). The leakage control is adjustable
between the impeller vane and seat. This is
achieved by positioning the impeller shaft axially
for close impeiler vane-to-bowl seat clearance.

The enclosed impeller (see Figures 2.4 and 2.10)
has both a back shroud and a front shroud.
Leakage control is limited.

2.1.3.4 Open/enclosed lineshaft

With open lineshaft pumps (see Figure 2.4), the
pump shafting is exposed to the pumped liquid,
which also cools and lubricates the lineshaft bear-
ings.

Enclosed lineshaft pumps (see Figure 2.4) have
the lineshaft protected from the pumped liquid by
the shaft enclosing tube. The lineshaft bearings
may be lubricated by fresh water, oil, or some
other liquid injected into the enclosing tube at the
ground or floor level.
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2.1.4 Classification by impeller design
2.1.4.1 Specific speed

Specific speed is a number usually expressed as:

NS:M

(Hpa)™®

Where:
NS = Pump specific speed;
n = Pump speed in revolutions per minute;

Q = Flow at best efficiency in gallons per
minute (cubic meters per hour);

Hpa = Bowl assembly head per stage in feet
(meters) (full diameter impeller).

The specific speed of an impeller is defined as the
revolutions per minute at which a geometrically
similar impeller would run if it were of such a size
as to discharge one gallon per minute against one
foot head (1 m%hr versus 1 m head).

Specific speed is indicative of the shape and
characteristics of an impeller (see Figure 2.2).
Specific speed is useful to the designer in estab-
lishing design parameters.

Impeller form and proportions vary with specific
speed, as shown in Figure 2.3. It can be seen that
there is a gradual change in the profiles from
radial to axial flow configuration.

2.1.4.2 Radial flow

Pumps with this type of impeller have very low
specific speeds [up to approximately 1,000
(1,160)]. The liquid enters the eye of the impeller
and is turned by the impeller vanes and shroud to
exit perpendicular to the axis of the pump shatt.

2.1.4.3 Modified radiat flow

This type of pump usually has specific speed
ranging from around 1,000 to 4,000 (1,160 to
4,640). The impellers are normally single suction.
In pumps of this type, the liquid enters the impeller
at the eye and exits semi-radially, at about a 60°
to 70° angle with shaft axis (see Figure 2.8).

2.1.4.4 Mixed flow

This type of pump has a single inlet impelier with
the flow entering axially and discharging about
45° with shaft axis, to the periphery. Pumps of this
type usually have a specific speed from 4,000 to
9,000 (4,650 to 10,000) (see Figure 2.8).
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2.1.4.5 Axialflow

A pump of this type, also called a propeller pump,
has a single inlet impeller with the flow entering
axially and discharging nearly axially. Pumps of
this type usually have a specific speed above
9,000 (10,000). The axial flow pump propeller
does not have a shroud (see Figure 2.9).

2.1.5 General information
2.1.5.1 Duplicate performance pump

A duplicate pump is one in which the performance
characteristics are the same as another, within
the variations permitted by these standards, and
parts are of the same type; but by reason of
improved design and/or materials, mounting
dimensions and parts are not necessatrily inter-
changeable.

2.1.5.2 Dimensionally interchangeable pump

An interchangeable pump is one in which the
mounting dimensions are such that the replace-
ment pump can be mounted on the existing foun-
dation and match existing piping and driver, with
hydraulic characteristics and materials to be
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specified. Interchangeability may involve some
variation, not necessarily significant, as a resuit
of manufacturing tolerances.

2.1.5.3 Identical pump

Anidentical pump is a duplicate of, and in addition
is interchangeable with, a specific pump. Where
it is intended that a pump is to be identical in all
respects including parts, mountings, connecting
flange dimensions, and materials, it should be
identified as identical with pump number ,
not duplicate. An “identical pump” will duplicate
the original pump as closely as manufacturing
tolerances allow.

2.1.5.4 Rotation

The normal pump shaft rotation is counterclock-
wise (CCW) as viewed from the driver end of the
pump. Left-hand threaded fineshaft joints will
tighten when driven by a CCW driver.

Optional pump shatft rotation is clockwise (CW) as
viewed from the driver end of the pump. Right-
hand threaded joints will tighten when driven by a
CW driver.
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2.1.6 Construction The figure numbers shown in Figure 2.1 are for
convenient cross-reference between tabulated
names of parts and cross-sectional repre-
sentation of standard part numbers in use by any
manufacturer.

The cross-sectional drawings (Figures 2.4
through 2.10) illustrate commonly used parts in
their proper relationship and a few typical con-
struction modifications but do not necessarily rep-
resent recommended design.

Open lineshaft

(Figure 2.4)
— Deep well
(Figure 2.4) Enclosed lineshaft

(Figure 2.4)
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Figure 2.1 — Vertical pump types — single and multistage
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Figure 2.2 — Capacity — % of design

NS
US units Matric Metric
1 500 580 4 3485
5 1000 1160 5 5800
2000 2320 11600
3 6
Figure 2.3 — Comparison of impeller profiles for
various specific speed designs
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2 Impeller

6 Shaft, pump

8 Ring, impeller

10 Shaft, head

12 Shaft, line

13 Packing

17 Gland

29 Ring, lantern

39 Bushing, bearing
40 Deflector

55 Bell, suction

63 Bushing, stuffing-box
64 Collar, protecting
66 Nut, shaft-adjusting
70 Coupling, shaft

77 Lubricator

79 Bracket, lubricator
83 Stuffing-box

84 Coliet, impeller lock
85 Tube, shaft-enclosing
101 Pipe, column
103 Bearing, lineshaft,
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189 Flange, top column

191 Coupling, column pipe

193 Retainer, bearing, open line
shaft

197 Case, discharge
199 Bowl, intermediate
203 Case, suction
209 Strainer (optional)
211 Pipe, suction
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hollow shaft driver Enclosed impelier

enclosed lineshaft
hollow shaft driver

Figure 2.4 — Deep well pumps
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