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WHAT THE PUMPWASDESIGNED TO DO

Contrary to popul ar opinion, a centrifugd pump isnot designed
to devel op onehead at asingle capacity as requested by the pump
purchaser. In fact apump is designed and produced to supply a
whole range of head-capacity conditions as identified on it's
performance curve. The pump will operate on tha curve if it is
driven a the particular speed for which the curveis drawn.

However, theactud conditions on tha curve a which the pump
will run, will be determined by the system inwhich it operates.
In other words, for dl practica purposes, the system controlsthe
pump, and will operate that pump at whatever conditionsit sees
fit, regardless of theHead and Capacity for which it was bought
(and designed) to achieve

First we nead to understand how a pump works!

For this we need to understand the Characteristic Pump
Performance Curve. To the uninitiated, this diagram may seem
likeamassof lines set up simply to confusethe reader. Infact, it
is only apicture of how the pump works. However, we do need
to be able to make some sense out of that picture

Pump Capability

Let’s stat with the reationship between the Capecity (or flow
rate) and the Head. The “Head” is simply the concept of
“Pressure’ identified on a barometric scde with the medium
being water instead of mercury. For example, an amospheric
pressure of 14.7 psi can support a 30 inch column of mercury in
aBarometric scale

Thisisfrequently used to identify vacuum conditionsin “inches
of Mercury”.

However, it can dso support a 34 feat high column of water and
thisis used to identify pump pressures in “feet of water”.

Such a column of liquid is referred to as the Static Head.
Consquently the reletionship between Pressure and Head is as
shown:

Pressurein P.SI. x 2.31
Head in Fet =

Specific Gravity of Liquid

To fully appreciate therel aionship between Head and Cepecity,
consider a Centrifugal Pump discharging into a straight vertical
pipe.

AND WHY IT DOESN'T DO IT.

Theliquid will eventudly reach alevel beyond
which it is unable to move. This can be
h considered as the maximum Head the pump
can deve op. Although the pump will continue
to run it will be unable to push the liquid any
higher inthe pipe

Under theseconditions, liquid is be ng churned
around in thepump casing, but thereis no flow
passing through the pump, therefore the
Capacity a thismaximum Heed is zero.

Expressing pressure as “Head” in this way
makes the pump curve applicable to every
liquid regardless of it’s Density.

Figurel

If we cut holes in the discharge pipe at progressively lower
leves, theHead is effectivey reduced, and the pump will steedily
deveop an increasing Capacity.
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Figure 2

By graphicdly depicting these results, a characteristic pump
peformancecurveisdrawn. You will notethat thiscurveis not
completed down to Zero Head, as a centrifugal pump does not
operate reliably beyond a certain Cagpacity, a which point, the
curve isusual ly discontinued.
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This curve identifies the Capacity which this pump can deve op,
and the Total Head it can add to a system, when itisrun at a
particular speed with aspecified impdler diameter.

H 1780 RPT

10 ins. Diamr
Impeller

Figure3

Consequently, the only practicd way you can change what the
pumpis cgpableof doingisby physicdly adjusting how fast the
pumpisrotating, or by changing theimpdler diameter.

That'swhat it’sdesigned to do... sowhy doesn’t it doit?

System Considerations

If the Centrifugd Pump iscontrolled by the System, we should
now under stand someaspects of aPumping System. For thiswe
look at the System Curve.

The System Curveis created by the combination of factors that
resist the flow of liquid from one end of a System to the other.
The common factors in dl systems are Gravity and Friction.

To overcome Gravity in atypicd system as shown in Fgure 4,
theliquid must berai sed through theverticd distancerepresented
by thechange in el evation between theoriginating source to the
find destination.

Discharge Tank

Total
Static
Head

Suction Source

Figure4

Referred to asthe Totd Static Head, thisdistanceis measured in
oneof two ways, depending on the layout of the system.

In the arangement shown in Fgure 4, it would be messured
between the free surface of the liquid inthe suction source and

thefree surface of the liquidin the discharge tank.

Wherethe pump dischargelineentered the Discharge Tank from
above, the Static Head would be measured between the free
surface of theliquid in the suction source and the highest point
of the discharge line.

Ineither case, theTotd Static Head isnot a variable of the flow
rate, and agrgph comparing the two woul d show up as astraight
line as shownin FHgure 5

H

Figure5
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Friction is the resistance to flow in the system and must be
considered for three separate areas individudly.

The Piping,
theValves and Fittings, and
Other Equipment, such asfilters, heat exchangers, etc.

The Friction Losses in piping can either be cdculated from
scratch, or from the Friction Loss Tables availablefrom avariety
of sources such as the Standards of theHydraulic Institute. Tables
are dso available to identify the losses through the more
common pipe fittings and va ve types.

Losses in Filters, Heat Exchangers, etc., can be obtained from
the original equipment manufacturer, or from measuring the
inlet and outlet pressures on site.

Asthe flow increases, so too does theFriction L oss, but a afar
higher rate as shownin Figure6.

Figure 6

In every pumping system, it is dso necessary to accel erate the
liquid through the pump. The Ve ocity Head (HV) is identified
by the difference in values of the velocity energy (V?2/29)
between the Suction and DischargeN ozzles of the pump. Asthe
linear vel ocity of theliquidin most systemsismaintained & less
than 10 ft./sec. (3 m/sec.), theVedocity Head isusudly insignifi-
cant except in low head applications.

The only other condition we need to take into account are the
pressures & the Suction Source and in the Discharge Tank. If
they are both open to amospheric pressure, then we can ignore
them. If however, they are dosed vesseles under different
pressures, thedifference in pressure hasto be added to the Total
Head required from the pump.

A combiretion of that Differentid Pressure, the Totd Static Head,
the Friction Loss, and the Ve ocity Head is referred to as the
Totd Head. When pl otted agai nst the Capacity, theresultant curve
shown on Fgure 7 isknown asthe System Curve.

System Curve

Friction
Head

Static
Head

Figure?7

Therefore, when a specific Flow Raeis sdected for a system,
the System Curve will identify the Total Head tha must be
overcome

TheFlow Raethrough asystem can only besupplied by apump,
and is therefore the Capacity required from the pump.

When the pump is properly seected, its Characteristic Perfor-
mance Curvewill intersect the System Curveat thepoint a which
thepump will operate. See Figure8.
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Pump Curve

System Curve

Figure8

Anincreasein Static Head can be caused by reducing the liquid
leve inthetank, and will movethe System Curvestraight up on
thegraph, thus reducing the Capacity required.

An increase in Friction Loss can be caused by a variety of
conditions such as automated controls opening and dosing a
different valving system. This will result in the System Curve
adoptingastegper slope and agai n reduci ng the Capacity required.

Therefore, without physically changing the pump speed or
impdler diameter, if any changein Head or Cgpacity isnoted at
the pump, it usuadly means that the system has been changed
ether purposdy, or accidentdly.

Remember, the System control s the Pump. So don't be surprised
if the Pump doesn’t dowha you expected it to do. Look a the

System and find out what has changed.

Ross Mackay speci alizes in helping companies
reduce pump oper ating and maintenance costs
by conducting training cour ses in person,
and through a sdf-directed video program.
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