Et is generally accepted
among pump engineers that of
all the hydraulic problems likely
to be encountered with centrifu-
gal pumps, the vast majority will
be associated with the inlet side.
For the most part, these prob-
lems will arise either from faulty
design or manufacture, or from
pump misapplication. But even if
the design and manufacture are
precisely corract and the pump is
perfectly matched to the operat-
ing conditions, the pump can
only perform properly it it is sup-
plied with a steady flow of liquid
arriving at the pump suction
flange under sufficient absolute
pressure to equal or exceed the
npsh required by the pump, and
with uniform velocity with no rota-
tional component.

The failure of the suction piping
to deliver the liquid to the pump
in this condition can lead to noisy
operation, random axial cscilia-
tions of the rotar, premature
bearing faiture, and cavitation
damage to the impeller and inlet
portions of the casing. The
chances of any or all of these
events occurring increase with
pump size and suction specific
speed, o, in ather words, with
decreasing values of npshr.
These problems are also func-
tions of the ligquid handled, with
troubles less likely to ccour with
hydrocarbon liquids than with
cold water.

When troubles do arise, re-
medial action can be costly, if not
imposzible, because the only
“fix” in most cases is a major revi-
sion of the piping arrangement.
Therefore, it is important o avoid
the probiem in the first ptace.

Adequate priming or
venting is reguired.

One important consideration in
suction piping design is ade-
guate priming or venting. Some
literature is available on this par-
ticular subject. For example, the




Hydraulic Institute Standards,

13th edition, 1975, inciude il-
lustrations of typical-configura-
l tions for suction piping where
the source of the liquid is below
the pump, like those shown in
Figure 1.

As indicated at the left in this
ifustration, the line should pref-
erably slope constantly upward
toward the pump. Horizontal linas
can also be tolerated, but if very
long, they may be susceptible to
installation inaccuracies or set-
tling effects. In this case, high
points may exist where air can be
trapped, conceivably reducing
the effective cross section of the
pipe, increasing the liquid ve-
locity, and thereby tha friction
loss in the suction line.

- Even more likely, however, is

(Ei@the possibitity that for pumps op-

=¥ argted intermittently, where the

suction line is kept full by a foot
valve at its intake, a large slug of
air may be swept into the pump
during a restart, causing a partial
or complete loss of pump prime.
Any high point in a suction lift
line, such as a clearance space
in the body of a valve instalied
with its operating shaft vertically
upwards, may also cause such
priming interruptions. As a con-
sequence, it is normally recormn-
mended that gate valves be in-
stalled with their shafts horizontal
rather than vertical. This is not
necessarily true with butterfiy
vaives, however, which do not
present clearance space prob-
lems, but which do have a non-
retractable member positioned at
all times in the fluid stream.

In modern piping systams,
even where pumps operate
against a static lift, foot valves are
only infrequently used. and each

'epump must therefore be primed
“swhefore start-up. In such cases,
the peint of connection between
the priming device and the pump
should be at the highest point on

the casing, which will be above
the pump suction flange. The
preceding discussion about
avoiding other high points in the
suction line remains applicable.
Information about various forms
of priming devices and further
details on their associated piping
systems may be found in the
Pump Handbook (McGraw-Hill,
1976)

Reducers for lower
velocities.

Figure 2, which has also been
adapted from the Hydraulic In-
stitute Standards, illustrates a
speciai case of a piping installa-
tion properly designed to avoid
creatton of an air pocket in the
suction line. Reducers are fre-
quently installed just ahead of the
pump suction in order to permit
lower suction pipe velocities and,
therefore, lower friction losses
than would otherwise occur.
When the liguid source is below
the pump, the reducer should be
eccentric and should be installed
with the flat side up.

As shown in Figure 3, if the
source of the dquid is above the
pump, a preferred arrangement
waolld be the use of an eccentric
reducer with the flat side down.
In this case, however, the orienta-
tion is not ¢ritical, nor is the
choice between eccentric or con-
centric reducer, except in the
case of end-suction pumps, as
will be discussed shortly. Under
any circumstances, however, re-
ducers usad at the pump suction
should be of the conical type
(constant convergence angle)
rather than the contour type fre-
quently found in wrought fittings.
The latter produce mare abrupt
changes in velocity which are un-
desirable immediately ahead of
the pump.

For end-suction pumps, addi-
tional cautions about the
application of reducers must be
observed because of the close
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proximity of the impeller inlet to
the suction flange. The following
precautionary guidelines should
be considered:

e |imit reducers at the pump
suction to a change in diameter
of one pipe size, such as 12’ x
107, or 24" x 20",

s Where suction lines larger than
one size over the suction flange
must be used, two or more
standard reducers may be in-
stallad in series, or a specially
fabricated reducer with low
convergence could be used (10
degrees maximum total in-
cluded angle).

Alternatively, more abrupt re-
ducers may be kept remote
fram the suction flange with a
constant diameter straight pipe
between the reducer and the
pump tlange. For suction flange
velocities less than 10 feel per
second, this piping section
should be at least 3 diameters
long, and atherwise at least
diameters long.

e When the source of the liquid is
above tho pump, concentric re-
ducers are preferred for end-
suction pumps.

Piping velocities.

The discussion of reducers
leads naturally into the subject of
piping velocities. Thase velocities
shouid generally not exceed the
value which exists at the pump
suction flange. In the simplest of
systerns, where the iniet pipe is a
straight line between the liquid
source and the pump suction,
the velocity in the pipe itself can
be the same as at the pump suc-
tion, provided the line losses do
not preclude the availability of
adequate npsh at the pump
suction. Examples include a bot-
tom suctior pump straddling a
tunnel, or an end-suction pump
taking suction through a pipe
penetrating a side wall of a wet
well, The entrance diameter in
thege cases is a function of




submergence, {o be discussed
in a subsequent article,

Asg the configuration of the suc-
tion pipe close to the pump
becomes more complex, the ve-
locities must decrease. The effact
of fittings on line loss is still sig-
nificant, but even more important
is its influence on velocity profile
and swirl. Therefore, itis not a
purpose of this article to provide
limiting values of velocity, which
can vary widely depending on
npsh, type of service, size of
pump, and nature of the liguid,
but rather to indicate reasonable
velocity ranges.

For mast industrial centrifugal
pump desighs, suction flange ve-
locities will vary between approxi-
mately § feet per second and 15
feet per second. The standard
reducer between any two con-
seculive standard pipe sizes (be-
tween 10 inches and 30 inches)
will reduce these values to
ranges of approximately 4.5 10
5.5 feet per second and 84 1o
10.4 feet per second. Below 10
inches, a one size reduction in
diameter may atfect a greater re-
duction of velocity; above 30
inches the effect will be less.

At a suction fine velocity of 5
feet per second, a straight run of
pipe equal to five pipe diametars
should be adequate to rectify ir-
reqularities in the velocity profile
which result from a 90-degree
change in flow direction through
an elbow or tee. But this may still
be inadeclate to stop a swirl
generated by two or more such
fittings in planes at right angles
to each other. Under these cir-
cumstances, it may still be
necessary to install straightening
vanes at least two pipe diameters
in length within the straight ap-
proach section.

At suction iine velocities of 10
feel per second, the straight sec-
tion will probably have to be at
feast 10 diameters in length, but
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Possible piping

arrangement for three
- pumps arranged for

parallel operation. .

otherwise, all of the preceding
discussion on this subject re-
mains applicable.

Figure 4 shows a tolerable
© piping arrangement with the
desired straight section. This,
however, is not an optimum
configuration, the reasons for
which will be covered in a
subsequent article.

Limit the use of elbows.

The installation of an elbow at
the suction flange of a double-
suction pump, where the plane of
the elbow is paratlel to the pump
shaft, is unacceptable. This ar-
rangement is illustrated on the
right of Figure 5, which has been
adapted from the Hydraualic In-
stitute Standards.

When liquid flows through an
elpow, or from the run into the
branch of a tee, both higher pres-
suras and higher velocities are
developed on the outside of the
turn. This is not a contradiction of
Bemoulli's Law, which applies to
individual streamiines, because
this phenomenon arises from a
convergence of streamlines as a
result of inertia. This results in
fluctuating higher pressure and
capacity on one side of the im-
peller at its inlet, and virtual star-

vation on the other side, which
upsets the axial balance of the
rotor and may cause cavitation
on the low-pressure side. The re-
sult is axial oscillation of the rator,
overloading of the thrust bearing,
noisy operation, and possible
cavitation damage.

Installation of an elbow at the
suctior: ¢f a double-suction pump
should be limited to arrange-
ments in which the plane of the
elbow is at right angles.to the-
pump shalt, as shown on the ieft
in Figure 5. This applies whather
the source of the liquid is above
of below the pump and for bot-
tom-suction as well as side-
suction pumps.

In the case of single-suction
pumps, whether side, top, or end
suction, the orientation of an '
elbow at the pump suction is
normally not critical, but may be-
come so if the pump suction
specific speed is aver 10,000 in



15

J.5. units. Above this value a
traight appreach should be
provided as already discussed.
Below this value, if an elbow must
be used, it should be of the long-
radiug, constant-diameter type.
Reduction from suction line size,
if necessary, shoutd be accom-
plished with a reducer down-
stream of the elbow (Figure 6).

In this article we have consid-
ered the importance of avoiding
air pockels in pump suction
lines, proper selection and in-
stallation of reducers, and the
orientation of elbows upstream of
double-suction pumps. In addi-
tion, it has been suggested that
some combinations of multiple fit-
tings just ahead of a pump could
cause serious flow disturbances
atits inlet unless compensating
rmodifications are made to the

piping.

In a subsequent article we will
expiore the last point in greater
detait, discuss other typical ar
rangements for both process and
ater pumps, and cover some of
the special considerations in-
volved in suction piping designs
for liquids which are close to
boiling.

Figure 5—Elbow at the inlet of a double-suction pump
must be installed in plane at right angles to the pump
shaft, as shown at lefl, Qrientation at right may cause
serious problems.

Figure 6-Preferred arrangement of reducer and long
radius elbow on a single-suction pump when straight
pipe approach cannotl be provided.




