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The Pump Primer will be issued gquarterly,
beginning with this introductory issue, to pro-
vide engineering, maintenance and technical
purchasing personnel with a basic understand-
ing of pump performance and application.

Topics to be covered include:
Inrroduction — A Pump Odyssey
. Pump Curves

. NPSH

. Cavitation

. Svstem Curves

. Pracuical Limits

. Energy Savings
Dynamic Sealing
Maintenance

. Cormsion

. Moise

. Motors

. Variable Specd

. Viscosity

. Fricuion Tables

. Erosion

. Pump Curves Il

. Beaning Loads

. Elecirical Winng
. Instrumentation
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The intent of these articles is to develop a single, con-
cise source of information combining theoretical and
state-of-the-art approaches to typical p problems.
The articles are intended to provide an alternative 1o
the rypical ambiguous handbook route commonly
used as a first sounce by personnel not in everyday con-
tact with centrifugal pump applications.
Background

Essentially, there are two basic types of pumps. . .
positive displacernent and kinetic. Reciprocating and
rogary are the two most common styles of positive
displacement pumps while centrifugal and regen-
erative turbine are the most common in the kinetic
group.

Centrifugal pumps may be further classified as: over-
hung impeller, impeller berween bearings or turbine
TYPes.

A centrifugal pump is defined as a kinetic
machine converting mechanical energy into
hydraulic energy through centrifugal action.
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While the primary pump under discussion throughout
this series will be an over-hung, end-suction, volute
casing, single-stage wnit, the basic concepts are ap-
plicable o most units in the centrifugal caegory.

To acquaint you with the basic workings of a cen-
i pump, we invite you 10 accompany us on 2
“Pump Odyssey”

A Pump Odyssey

Before beginning this journey, it may be desirable o
briefly discuss the major parts and specific functions
of a typical centrifugal pump.

Basically, there are two sections w 2 centrifugal
pump. . .the rowmung unit, which develops the
necessary Liquid velocity and the stationary unit,
which directs and contains the flow while converting
the developed velocity energy 10 pressure enengy.

The rotating armangement consists of a shaft, the
rotating portion of a shaft sealing device, and an im-
peller, which is the “'heart” of the pump. An outside
mechanical energy source (usually delivered from an
electrical motor) is used to rowte the pump shaft. The
impeller, firmly positioned on the shaft, is equipped
with blades which move the liquid, thereby conver-
ting the rotting mechanical energy o liquid energy.

Echamaiic views of pump components snd pertinent meghcns.

The staticnary portion of a pump provides an entry
path into the eve of the rotating impeller. On leaving
the impeller, the liquid enters a spiral chamber known
as a volute. It is in this chamber that the transforma-
ton from velocity o pressure energy occurs. The
volure also provides a specific exit path for the fluid.



Once developed, fuid pressure must be conmined and
delivered o the pump discharge. To prevent liquid
from returning 10 the low pressure region in the suc-
tion arez, the impeller suction hub runs in close prox-
imity to 3 stationary bore over a depth which will
effectively hold a pressure gradient and reduce lealage
to no more than a small percent of the toal Aow.

The shaft enery through a sttionary wall in the pump
is rypically handled by a mechanical sealing arrange-
ment. Consistung of a sttionary elemens in direcs con-
mct with a rotting elerent, the seal assures a leakage
rate of no more than a few drops per minute.,

Taking a trip through a centrifugal pump may be con-
sidered synonomous o “'riding the rapids.” There are
potential dangers, obstructions and possible sethacks
to contend with throughout the journey.

Stmrting 1o Move

Our edyvssey begins in the suction piping just outside
the pump enwrance. W are essentially in a motonless
szate ungil the purnp drive is urmed on. As the impeller
begins o rotre, e find ourselves being “pulled” into
the eye of the im?-:u:r. {Actually, we are being pushed
in by an extermal force as the impeller creares 2 reduced
pressure condition which induces continuous liquid
flow into the impeller eve)

Moving toward the cye, our speed remains relatively
low (rypically, under 10 feet per second). On ap-
proaching the eye, we begin to experience a gradual
swirling motion as, following the laws of namre, we
seck 1o move along the path of least resistance w and
through the impeller passageways.

Danger Ahead

The primary cause of pumping problems ocours a8 we
approach the impeller eye. All too often, owing to 2
local pressure drop, cavities filled with liquid vapor ane
formed. These conditions have a detrimental effect,
restricring and varving flow, thereby causing the pump
o vibraze and become noisy in operation. Elimination
of this condition may be achieved in several ways.
However, providing 1 higher absolute pressure at the
impeller eye and a smooth approach free of obstrue-
tions in the most practical method.

Assuming that we are operating under a condition pro-
viding an adequate suction “push,” our ride

the impeller will be relatively smooth, In the impeller
eye, our basic direction begins to change from axial wo
radial. The transition, hardly noticeable ar first,
changes quite dramatically when we are suddenly
picked up on the leading inlet side of one of the im-
peller vanes. We arc now in a rather confined
passageway, traveling at what appears o be approx-
umutely the same speed a which we entered the pump.
Something is changing, however, as we radially slide
ourward on the backside of an impeller vane. Sud-
denly, we note the end of the impeller channel and a

wider, deeper smtionary pessage beyvond. On reaching
the tip of the impeller blawde, we are hurtled ineo the
sgtionary passage a a high rate of speed (nypically, 100
feet per second).

Dwuring this segment, we have seen mechanical
cnergy transformed into hydrauolic energy as
the rotating impeller moves liquid at high
absolute velocity.

Several other members of our group, who were in
similar passageways of the impeller, have rejoined us
Qur movement continues in an expanding circular
direction in the progressively larger channel of the
SLLLONATY WL,

Now, a noticeable reduction in our speed becomes ap-
parent as we feel 2 squeen: caused by the increasing
fluid pressure. In the course of less than one revolution,
we find ourselves approaching the discharge end of
the pump. We pass one last mgior obsrnurion — the
cur-water, which separates most of the roating low
away from the impeller and into the straight conical
section of the volute. As in the spiral eway, the
conversion of velocity to pressure continues in the
volute's conical section.

Again, we find ourselves separuted from mamy of our
COMmpanions. Some wers recirculated back o the bowe-
pressure section of the pumgp through the wearing ring
clearance after having traveled through the impeller
Others, in close proximicy © the romting impeller.
weren't in position 1o be divened ar the cut-water and
circulated around again uneil they moved out further
in the volute stream. Sull others were diverted into the
mechanical seal area where they helped lubricate and
cool the mating sealing surfaces.

Into the System

Fortified with hydmulic energy, we are capable of con-
HNuing our journey 1o some point bevond the pump
through 3 series of obstructions known as the
“systemn” until our energy has been expended. There
are an infinite number of svstem variations which a
pump can handle within its defined paramerers of
pressure, flow and suction capabilities. The actual
capacity delivered by the pump is as dependent on the
system as on the pump itself.

Ultimately, the purpose of a centrifugal pump is
o move 3 volume of liquid from its source
o another location at the user's desired rate
of flow,

The next Pump Primer topic will cover the develop-
ment and scope of pump performance curves, . and
how they are used 1o cormect for different speeds and
impeller dizmeters. Also, how they provide an insight
to the pump's capabilities and, yes, even to the im-
peller’s hydraulic profife.
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MNowhere will vou find a more concise overview of an
engineered product’s capabilicy than ona centrifugal
pumps “oak ree” performance curve. The infimie
amoant of information in a single graph is astounding!

While the intene here is 1o focus on the pump's basic
hydrmulic capabiliny, reference in several future articles
10 these curves will allow esmablishroent of addi-
ional parameters esseneial o good pump application
Praclices,

To st also be recognized that the cenrrifugal pump's
poimt of operation at a particular speed is developed
in conjunction with one or more factors owside of the
pump’s own performance capability. These factors
play a role equal w that of the rotating pump in es-
tablishing the actual flow rate and include: (1) the
physical suction conditions present, (2) the physical
characteristics of the liquid being pumped, (3) chem-
ical reactions oc in the liquid being processed,

(4) the actual head requirements of the system ar
specific flow mues and (3) the fluid wmpemtune

Pump Curve Development

Having learned how ﬂEC:I'I:I’lﬁJEﬂJ pmnpﬂp:r-tﬁmﬂu
pmmmm-nf PUITID primer, We Can mow discuss
a pump'’s hydmulic capabilities and how they are
presenied.

As defined previpusly, a centrifugal pump is basically
2 kinetic machine. The pressure it is primuarily
a function of peripheral velocity ished by the
rotating speed and diameter of the impeller.

Actually, a pump doesn’t directly develop pressure bast,
based on a velocity relationship, produces a “head™
in feet, The head remains the same for all liquids with
the same viscosity. The head can be tansformed into
a pressure term utilizing the formula:

Pressure _ _Head X Specific Gravity
(tbs./sq. in.) 2.31

It becomes apparent that the pressure which a pump
develops depends on the weight per unit volume of
the liquid being pumped. The capacity delivered by
a pump i directly proportional 1o the area of its
passages and the velocity of the liquid through these
passages.

A most important factor regarding capacity isa
pump’s suction capability usually expressed as
NPSHR (Net Positive Suction Head Reguired)
which will be covered in a future article.
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A pump curve E.r:pl‘m.':l!l}r defines the pump's hy-
draulic capabilities in terms of capacity (usually g:ﬂ::lm
Fﬂ minute) and developed head (usually expressed in
eet of liquid). The graph also indicates the pump's
drive requirements relative o speed (revolutions per
minute)} and power (brake homsepower) based on
handling water. In addition, a complete pump curve
will indicate efficiency of the unit,
The most common shape of the wotal developed head
VSIS Capaciny characteristes curve for 3 conventional
design volute centrifugal pump is the constant rising
characteristic shown below,

HEAD

HEAD - FEET

GALLONS PER MINUTE

The maximum head is usually developed at zero
capacity — commonly referred to as “shut-off " As the
capacity increascs, the head decreases. The factors
responsible for this are: (1) the direc proportion energy
Fl'-bdl!lﬂ drop necessary to produce flow and (2) the
riction loss through the pump passageways.

Another commonly provided charactenistic is the
power curve indicating the pemp's actual beake horse-
power (BHF) requirements relative 1o capaciry,

ot

BRAKE HORSEPOWER

GALLONS PER MINUTE



From these two curves we can determine the pump's
efficiency using the formula:

% Pump _ GPM x HD = 100 = 5P GR.
Efficiency 3000 = BHP

This, in turn, allows us w develop an efficiency ver-
545 CAPACITY CUrve,

&

EFFICIENCY

GALLONS PER MINUTE

After having graphically established the pump’s per-
formance for a maximum impeller diameter, the ex-
ercise is normally for several smaller in-
cremental impeller diameters, each utilizing 2 max-
imum brake homsepower requirement at 1.0 specific
gravity (water) equivalent to nominal full-load motor
horsepower The resulting data is incorporated on a
single grph o present a complete picture of a pump's
hydraulic capability and power requirements.

Wiz ane pow in a position o evaluate a puamp's performe
ance o meet specific hvdmulic requirements.
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To reduce the mumber of variables, each pump per-
formance is corrected to its particular design speed.
Characteristics are usually established based on han-
dling cold, clear water. Ocher liquids with properties
differing from 68° F water, such as specific gravity,
viscosity, temperature and the presence of solids com-
bined with abrasiveness, have varying effects on 2
pump’s hydraulic performance and power require-
ments. Most effects can be reasonably predicied by
theoretical or empirical means, Others must be sorted
out by actwal st of the fuid medim,

Test Specifications

Several test standards are available for checking pump
performance and operation. Currently, the Hydraulic

Institute Standard is the most widely used general
stanwdard for centrifugal pumps. In fact, other specifica-
tions, in most cases, will invake the Hvdmalic Instoue
Standard for test purposes. Performance curve results
are noomally based on handling 68°F water at a specific
weight of 62.3 pounds per cubic foot,

While new casting rechnology has improved the re-
peatbility of hydraulic performance, discrepancies in
general casting and machining practices pesult in some-
times significant variances in individual curves from
the developed standard. Hence, the following stane-
ment is indicared on pump curves: **Curves show ap-
proximate characteristics - rated point is guaranteed.””

Pump manufacturers are normally conservative in the
performance rating provided on a general curve and
will generally slightly oversize an impeller w make surc
it falls within the wlerance requested by the customer
for the specific point of operation. Other sections of
a specification may even spell out 2 tolerance for the
entire operating range - this i usually limited w Milizry
Specs or unique specification contracts.
Calibration Testing

Ampco's pump testing facilities include a highly ac-
curare, automated system for calibration testing to pro-
vide data for plotting perfommance curves.
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The system is equipped with instrumentation iraceable
back to the National Bureau of Standards, Overall ac-
curacy is + 1%. Each transducer in the calibeation
testing equipment sends some form of electric inpur
1o a data logger for conversion into engincering wnits.

A compauter is programmed to accept this data and
calculawe GPM, Towal Head, Brake Homsepower and
Efficiency which is then fed to a plotter for graphic
presention.

Fump Selection

Ideally, a pump selection should be made o utilize the
B.E.F (Best Efficiency Point) for the intended poine of

operation. In doing this, the following benefits are
derived:



BHP

1. In urilizing the highest efficiency for a hydrau-
lic requirement, 3 minimum amaount of energy
will be expended — 2 imporant plus in wday's
cnst-conscious market,

2, Higher efficiency indicates smoother liquid
flow through the pump. Lower efficiency
usually indicates energy is being wasted in
overcoming hydraulic obstructions, which can
adversely affect pump life through erosive
ACTion.

3. The degree of mechanical loading imposed
on a voluie-type pump shaft and bearing is
minimal at the pump’s B.E.F. capacity. How-
ever, due o hydmulic inbalance in the volue,
acting on the impeller profile, a substantial
resultnt radial force can be developed essen-
tially from 50% of B.E.F. capacities back wo
shur-off. Capacities exending 25 % beyond the
B.E.F capacity are also a source of concern s
the developed loads can cause excessive shaft
deflection and premature bearing  failure.
Secondary effects may include mechanical seal
leakage and wear ring rubbing.

Affinity Laws
Pumnp head and capacity vary with speed in such a way
that the ce curves retain their chamceristic
fearures, The variation of head, capacity and brake
homsepower with speed follows definite rules known
as affinity laws.

When applied to every point of the head capacity
curve, these Laws state:
When speed is changed, capacity varies directly
with speed; the head varies directly as the square
of the speed; and the brake horsepower varics
directly as the cube of the speed.

The affinity laws are expressed by the following
formulas:

ﬂ'l n,? H. l"|_1: BHPI| _ “1:
ﬂ* F{i :l H! I'Izt BHFI; rll"

H1-_-_H_h‘"""‘-—-Nf

s

HEAD
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BHP, rd
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The affinity laws can also be applied 1o impeller dia-
meter in the same manner. However, this is normally
limited as, due to the cut impeller, some error i8 intro-
duced, though the peripheral velocities developed
would be the same. Normally, the performance reduc-

tion would be considered fairly accurate up wa 10%
change in diameter from an actual rest diameter

Since the peripheral speed is the same whether achiev-
ed by reduced speed or reduced impeller diameter, the
affiniry laws will hold here as well, Therefore:
Q_m 4 H_nl_di  BPH_n?_d
Q: n, 4, H; nt d PBPH, n# dp
With these relationships, we are able 1o forecast pump
performance quite accurately from csr:hhshcgdau
over a limited range.

Specific Speed
Pumps are classified by a werm referred to as specific

speed: RPM X GEM %
HD %

Specific speed is the rotational speed ar which a
thearctical impeller will deliver 1 gpmoat 1 foot head.
All impellers with a homologous or identical shape,
regardless of size, will have the same specific speed.
Theht p:hmrtbmn:: characteristics of any impeller can

applied to any other identically d impedler by
use of the specific speed formula. e ”
The general shape of head-capacity curves is affected
by specific . Impeller profiles are defined by
specific s . Ny is independent of pump size but in-
dicates the general shape of the impeller. Assuming
proper design, hydraulic performance chamctenstics
affecting pump applications fall imo peneral patterns
that can be indexed o specific speed as indicated
below in the comparison of pump profiles.

Ng =

Values of Specilic Speeds,
{Sangls Suction]

AR

i
1ied
= :ﬁ“ﬂr
= - _.;-Hl_i. _..-I.T-lh
_..‘E'.'_‘_ "‘TI"(‘E "‘hh

__. L L T I T e e
COMPARISON QF PLIMP PROFILES

Frofiies of soveral pamp ller s ranging from the Lo Specific
5h|:-rrd Raslial Flow oa the lefons 3 High Specific Specd Axial Flaw on
the right. placed acéerding 1o whaone u:ﬁnigﬂ fits an the Spegific
53:35':*"-‘ Freem Higdrmg o $and ol wist s madiids

H
-

A pump’s probable efficiency range can also be related
10 pump capacity and specific speed.

Summarizing briefly, a pump chamacteristic curve
vides a2 wealth of data based on actual tests relative o
1 pump’s hydraulic capahility and basic design. This
dlag be employed in determining its suitability for
a specific application.




RS

Mumiber 3 .
A senes by folm H. Hormaltl

Chigf Engineer, Ampeo Pumps
Cavitation
In the late 18th Century, the development of signifi-
cant rotating speeds a5 2 means of transmitting
resulied in a new phenomenon — CAVITATION.

Inigial examples of cavitaton were noted on marine
propellers and water turbines as vane surfaces took on
a pitted appearance similar o erosion. Closer obser-
vation revealed the formation of bubbles developing
just prior to the flow reaching the affected aneas.

In a centrifugal pump, the suction entry area of the
impeller immediately beyond the vane tips is the most
susceptible to this type of atack.

For the past six decades, cavitation has been, and
continues 1o be, a popular and intriguing subject in the
field of fluid rotating machinery. As demands for lower
costs continue 1o grow, the design trend has been
toward providing the same hydraulic capability with
a physically smaller pump operating at higher speeds.
The result is a pump requiring extensive state-of-the-
art refinement in the suction area © overcome
Cavitation.

Absolute Pressure

Absolute pressure in a centrifugal pump is normally at
its lowest in the suction arca adjzcent 1o the point ar
which fluid enters the rotting impeller blades.
Absolute pressure is determined by liquid surface
pressure, liquid lift or head, specific gravity, suction
system line friction losses and surface tension
characteristics.

When the absolute pressure becomes equal to or less
than the ﬂpﬂrﬂfrﬁ&um of the liquid being pumped,
the formation of bubbles consisting of dissolved gases
begins w occur. The bubbles are carried by the liquid
flow into an area beyond the leading edges of the im-
peller vanes where higher pressure causes the bubbles
to condense and collapse, ereating mechanical shock.
The term used o indicate this condition is called
“implosion.”

It is important that we distinguish lguid sep-
aration from the just-described cavitation
phenomenon.

Liquid separation occurs when the flow pattern
deviates from the flow path provided by the pump,
resulting in void areas in the intended flow path,

This can be brought about by operation at off-design
flows as well as by poor pump design. The condition
develops in the rotating impeller as the lguid flows
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past the impeller vanes at an angle not fully utilizing
the impeller's flow passageways,

Cavitation, or the formation of a partical vacuum, is
accompanied by a trremendous insantaneous increase
in localized pressure with characteristics similar 1o
water-hammer blows. The impacts follow each other
in rapid succession, the vapor bubbles bursting both
in the immediate vicinity of the affected surfaces and
in the mainstream. Cavitation pitting is generally ac-
cenmuated in cracks, scratches and other surface flaws.

The impact of the bursting bubbles also causes vibra-
tions which are transmited through the entire pump
and may even set the foundation vibrating,

Extent of Damage

Physical damage will vary depending on the material
being Mﬂd:ﬂdmli:htg%: ﬂfﬂ.ﬁﬂ%iﬂn exposure, In
arypical attack, the first phase may produce indenta-
tions but no metal removal. As cavitation exposure
continues, actual metal removal begins 1o occur. The
rae of damage increases exponentially as acnal pitting
begins,

Piming is caused solely by the mechanical action of col-
lapsing bubbles. Effect varies with impeller mazerial
and degree of cavimtion. The instant stress developed
a the precise point of collapse has been theoretically
d:tcmﬁq:d 10 be as high as 100,000 psi. Selected
observations of certain rypes of cavitation has shown
forming and collapsing sates of nearly 2,000,000 per
second in a one-inch diameter area.

Material Selection

Material selection as a means of minimizing cavitation
darmgrlusbmct:ndmt En;nnpi.rﬁ:llnunntrl:m:d:a&
EXPErience, testing and actual performance in the
field. Results have ;Ehu'i-.rn both mickel-aluminum
bronze and 316 stainless steel to have good resistance
to cavitation erosion. Both are far superior to other
ratenals such 25 gray iron, carbon steel, brass and
70-30 copper nickel. Surface hardening may also in-
Crease cavitation resistance although the hardness itself
is not necessarily the deciding factor as far as pitting
resistance is concerned.

Four common symptoms of cavitation are: noise,
vibration, drop in efficiency and ereatic flow. Briefly,
these signs can be described as follows:

Noise - caused by the collapse of vapor bubbles as



they enter the high pressure area, Tyvpically iden-
tified as a Light hissing and cracking sound at the
onset of cavitation and a roaring nose when fully

developed.

Vibration - caused by the impacting of the bursting
bubbles on the surface. May also result in premanure
bearing and shaft seal failure.

Drrop in Efficiency - indicares the onset of a
cavitting condition. The degree of efficiency drop-
off increases precipitoushy as cavittion increises.
(Tt should be noted here that efficiency drop-off in
a centrifugal pump is partially dependent on im-
peller design. )

Erratic Flow - usually resules from a cavitating stare.
The severity of the fluctuating flow is determined
by the degree of cavitwion and, again, pumgp design.

To reduce or minimize the effects of cavitation, the
following suggestions are made:
1. Become familiar with the cavitation problems
that can occur in centrifugal pumps.

2. Beview NPSH (Net Positve Suction Head) of the
system and pump during the design stage of the
application.

3. Consider modifications which might alleviate a
cavitating condition:

A, Modification of suction system
1. Suction piping

a. Increase suction line size 1o lower inlet
velocity.

b. Shorten suction line length w reduce
frictiom lass.

¢. Remove any high points in the suction
line where air pockets could form.

d. Provide smoother internal surfaces.

e Avoid suction line valves if possible
Where absolutcly necessary, use valves
with minimal flow resisance.

f. Use large radiuvs (sweeping) elbows,

g. Provide streamlined flow patterns with
gradil transition.

b, In a closed system, provide a vent from
the suction line back w the wop of the
ligueid ro provide an escape route for gas
pockets,

2, Reduce liquid emperature in an open
suction systom,
3. Increase submergence depeh.
B. Pump modification and substtution
1. Modification

a. Replace impeller with one designed for
low NPSH service.

b Check with pump manufacturer for
availability of an inducer.

¢ Reduce excessive pre-rotation,

d. Substitute impeller meaterial,

e Check possibility of reducing rotating
speed and increasing impeller O, o
meel paing.

2. Substitution

a. Replace pump with one suitable for
intended service Discuss specific re-
quirements with pump manufaciurer’s
application éngincers, Determine their
farniliarity with low NPSH availabilicy,
Consider having 2 NPSH test run (this is
a special option not covered by standard
test procedures). Request centified test
data covering the entire hydraulic range
in which the pump may run.

Recent Findings

Uniil recently, similar destructive occurrences in other
sectors of the pump impeller's hydraulic passageways
were usually written off as erosive actions. Current
thinking attributes these problems to internal recir-
culating flow patterns being developed within the im-
peller’s passageways, particularly under low flow
conditions.

It has been established that high vacuum conditions
muy exist in the “eye” of the reciroulating flow panem
in what was previously believed to be strictly a high-
pressure area. This can result in the same destructive
cavitating condition previously arribured exclusively
to the low-pressure suction area,

T alleviate this condition, it may be necessary 1o main-
tain a certain minimum flow rate through the pump.
The excess flow could be by-passed back o the suc-
tion source when this temporary condition exists.

Conclusion

In essence, cavitation occurrence in centrifugal pumps
remding 2 complex problem with many absolute
answers yet 10 be established. The situation is extreme-
ly delicate relative 10 a pump's suction capabilities
when energy levels required to cause flow may be low:
It is mecessary that the available absolute pressure ar the
pump suction exceeds the vapor pressure of the liquid
pumped by an amount at least equal o the suction
energy requirement of the pump.

When making basic preliminary decisions, weigh the
factors of system construction vs. initial pump costs.
Costly changes can be avoided by employing sound
application engineering practices right from the start.

Our next quarterly article will cover NPSH (Net
Fositive Suction Head), a term used today to indicate
the mirimrm absolune pressure dhur the user s suction
system must provide at the pump impeller eye (o
produce a specific low under non-cavitating (or con-
irolled cavitating) conditions.
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A pump’s suction capability is equally as important
from a hydrulic standpoint as the specified mting
(Gallons per Minute and Total Head). The term com-
monly used o indicate the suction condition is NPSH
(et Positive Suction Head).

NPSH can be defined as “the absolute pressure at a
darum line (normally, the centerline of the impeller eye
at the suction nozzle) minus the vapor pressune of the
liquid (ar pumping emperature) being pumped.””
Two NPSH values must be established in dete

the adequacy of a pump for the intended application:
(1) the NPSH made available by the system and (2) the
NPSH required by the pump for the specified rating,

I. NP5H Available The aviilable NPSH is usually
calculared empinically in propased systems and
developed from test results in Eusn.ng SYSIEMmS 25
indicated here

A, Pro Systemns (units in fect of water)
i = 1y ()b by~
hp - fi_tl;'uﬂi::lu;tu:hc: ure acting on suction
h, - ﬁ:&uﬁﬂn h:iﬁ:i:ﬁ;; below

hp-  towl head losses in the suction in-
cluding exir, ﬂ'ﬂ:r.n}l:l:.ﬁltu‘lgandpip:
losses at the intended flow race

vp© Yapor pressure of the pumped liquid
at the pumping tempenitun

(") for liquid level above centerline + applies;

h

for liquid level below cemterline — applies
N
e
L +h,,
3
| 2
I ~h,
]
B — e

(
&
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B. Existing Systemns (units in feet of water)
NPSH Available = Pgip Vi-h

\']J
where: zg
Pg- gas pressure in closed ank or aumos-
pheric pressure in open tank

Pg- Eage prossure reading in the pump
section pipe corrected o the pump
suction centerline (steady fow condi-
tions should exist at the gage tap; five
£ Ll:ndlmbt[nsﬁfstmghtplpn:ﬂfun
VArying Cross-section are necessary
immediately :lhm:[ of the tp). The

corrected gage 15 @ [inus term
in the equation if it & below atmos-
pheric pressure.

2¢ = velodry head ar point of measuring Ps

g (based on acrual internal diameter of
pipe) at point of pressure taps

Ilu.F- absolute vapor pressure of the
pumped liquid ar the pumping

temperamre

2. NPSH Required. All w00 often, the term “NPSH
Available” is interpreted to be the same as
subm In certain cases, this may be prac-
u-t:llfmrrmhu:mmmﬂ mu]].-snm :l:-qmrl:-'.l:.s
submergence is but one algebmic factor in the
“NPSH Available™ equation as given under “'Pro-
posed Systems.’ Absolute gas pressure acting on
the suction liquid surface, friction losses through
ﬂ'n:mn:r.umq"stn-n and liquid vapor pressune at the

temperature are the other Bactors that in-

1:‘nu:l ¥ or collectively could be predominant.



“NPSH Required™ is the minimum absolute pres-
sure needed ar the pump suction nozzle 1o cffect
desired flow. This absolute pressure must be suf-
ficient enough w overcome (1) the internal friction
losses in the pump suction, plus (2) the head nec-
es5ary o prevent vaporization in the pump, plus
(5) the velocity necessary to maintain the desired
flow through the pump. “NPSH Required™ daa
should be supplied by the pump manufacturer

Methods of determining the actual “NPSH Re-
quired” of 2 centrifugal pump are given in the
Hydraulic Instirute’s test sandards. A 3% drop in
hiead is the sandard used wo deermine the pump's
NPSH criterion (C).

Any change in performance — either a drop in
head or power, of efficiency at a given capaciry, or
a change in sound or vibration — may be an in-
dication of cavitution but, because of the difficulny
in determining, NP5SH (C)is accepted as evidence
that cavitation is présent,

1t shiould be noted that the p will give
noncaviaing performance at NPSH values only
1.3 rimes above the NPSH C value at capacities
above 5% of the best efficiency point (BEF), and
1.7 times above the NPSH C value ar capacities
below §5% of the BEP

The affinity relationships define the manner in
which head, capacity, HP and NPSH vary ina cen-
trifugal pump with respect to speed changes. If a
pUMp Operaies at Or near its cavitation limit, other
factors also have an effect and the eritical limiting
NPSH value may other thain as the square of
the speed. Some of these factors are: thermo-
dynamic effect in the vapor pressure of the fluid;
change in surface tension; and test differences due
1o the relative air content in the liquid,
Cavimtion Relationship
In order for a pump o operate free of cavitation, the
system’s “NPSH Available” must be equal o or greater
than the pump's “NPSH Required.” Carc should be
taken in this regard vo make the most economical
mwnﬂﬂl}' ar very low WNPSH conditions
where requirements may even be given in inches
instead of feer of water It is not uncommeon for the
price of a pump o double when the “NPSH Available™
is decreased as little as a foot in the low NPSHR region
{3 to 2 fect, as an example).

Where ar all possible, raise the suction liquid surface,
increase the size of your suction line, reduce the
number of fittings and make the most direct piping
approach possible.

Additional gas pressure acting on the suction liquid
surface in a closed system would also incoease "NPSH
Available” if the vapor pressure (temperature of the
liquid pumped) could be held.

NPSHR increases 25 capadity increases in a varying «x-

ponential manner Several faciors employed in the
pump’s design have an effect on the pump's suction
capability, particularly, impell:r eye area, blade angle,
blade leading edpge, number of blades, inlet area at
blade i velocity of the inbet blade edges
(related to pump RPM) and overall smooth transitional
passageway design,

A typical pump NPSHR vs Capacity Curve as provided
by the pump manufacturer is shown below:,

e

NPSH REQUIRED
FEET

v

GALLONS PER MINUTE

Systern curves covering diffesent applications estab-
lished from data are illustrated in this manner:
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Once the developed NPSHA curve and the pump
manufaciurer’s NPSHR curve are plotied on the same
graph, we can determine the capacity where cavit-
ton will begin w ocour if the suction system is the
predicating factor:



HP5H

GPM

To satisfy the suction requiremnents, the pump must
be operated ar a capaciry less than the intersection
point of the NPSHA and NPSHR. At operation beyond
this point, one can expedt a Cavitating state 1o exist.
Orther Faciors

Liguid Characteristics

A factor oftentimes overlooked in pump NPSH appli-
cation engineering is the difference in liquid (and its
vapor) characteristics relative 10 those of 68°F clear
water, which is considered the base standard and is
used almost universally in 2 manufacurer’s standard
test Serups.

Experimental tests and actual applications handling
various liquids over a broad temperature range have
shown that the *NPSH Required™ in a specific pump
ar an intended capacity can vary. Terms such as “NPSH
Corrections™ and “NPSH Adjustment’ have been
used to identify this differential. Even when just handl-
ing water you may note a change in “'NPSH Required™
as the liquid tem rises. Minute though it may
be below 200°F, particularly in water, it will become
more apparent in dosed systems where higher liquid
temperatures can be reached.

Always keep in mind the total perspective of what is
accuring relative 1o the system you have, the pump re-
quirernent based on cold, clear 68°F water and the
Liquid being pumped along with its characteristics in
both the liquid and gaseous states relative to the pump's
operating temperature.

Specifics other than vapor pressures of some liquids
and a few published results of some specific NPSH in-
dividual tests are ing. The intent here is 1 make
everyone aware that such a condition exises and can

have some effect on the overall performance, usually
being favorable at increased temperatures if the same

“WPSH Available” can be maintained.
Minimum Flow
At times, pumps operating at extremely low NPSH

conditions which, supposedly, would provide ar-
uinable flow rates, react ermatically, developing fluc-
tuating, unsabilized flow due to extensive internal
recirculation patterns occurring within the pumnp im-
peller The low flow requirement relative to the pump's
optimum point of operation can cause this problem
in certain pumps. The pump manufacturer should ad-
vise the capacity range for the unit when the “NPSH
Available™ drops below 5 feet of water so that the user
can design a system which maintains fow within the
pump'’s specified capacity range.

Special Applications

Knowledge of pump cavitation and its effects along
with a thorough understanding of required and
available NPSH allows some applications 1o operate
ina “controlled™ or “limited” cavitation range (inigial
phases). Where :IPP'EEI:]E. such as in distillation
processes, an appreci p cost saving may be
e ump g oy
In this simuation, the pump is operating in 3 mnge com-
monly referred to as the “break”™ or “knee’”’ of the
pump characreristic curve,
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In the case shown here, one may be able o use a 5-foot
“MNPSH wired" unit rather than the G-foor NPSH
Uit no ¥ called for,

We do not recommend this 25 3 common fix but make
note of it a8 an example of how knowledge of NFSH
and cavieation efects can be wiilized, in controlled
applications, w provide an adequate economical
altermuate,

The limit for the intended point of operation in a par-
ticular glfli:ﬂnn will usually have 1o be determined
empirically, dependent on noise, vibrating hydraulic
stability and pump material allowance based on the
projected point of operation from factory test results,



Summary

| ing pump suction requirements can be costly. In-
:m capability can result in 2 marked reduction
in head and capacity or even a complete filure o
pump. The result is pump cavitation — 2 phenom-
enum previously discussed in article 3. Briefly, the
reduced pressure in the impeller inlet allows some
liquid 1o change to vapor, thus choking part of the
flow, causing erratic behaviour.

As the flow continues through the impeller passage-
ways, a pressure build-up begins. A point is reached
where the vapor bubbles collapse and revert back to
the liquid state. This is referred to as an implosion and
can cause serious damage 1o the impeller metal in the
irmmediate area where it ooours.,

Any change in performance, either a drop in head,
power or efficiency ar a given capacity, or a change
in vibration or sound may be an indication but,
because of the difficulty in determining just when the
change starts, 2 drop in head of 3% is usually accepted
as evidence that cavitation is:dliwcm. At this time, there
is no known method of indicating the point of inci-
pient cavitation.

In recent years, it has been noted tha liquids other than
water rmay rezct differently, cavitation-wise, under the
same dynamic conditions. Standard esting of pumps
is normally based on results obtained with clear, ¢old,
fresh water at 2 temperature not over 85 °F in confor-
mance with the Hydraulic Institute Test Code. Liquid
properties such as pressure, temperature, laent heat
of vaporiztion and specific heat help determine the
cavitation characweristic Temperature alone will dras-
tically change the caviwtion characteristic of water.

In short, many applications may have o be resolved
after having made some compensation for differing
properties and conditions. In some instances, only
actual tests will provide the necessary answers.

Pump cavitation is not only destructive 1o the impeller
but causes radial and thrust loads against the impeller
profile, resulting in excessive vibration due 1w the fluc-
muaring load. Noise is produced by the collapse of the
vapor bubbles at the point where they enter the region
of higher pressure and implode.

Insufficient NPSH at the desired flow is the number
one problem in pump application. It can be resolved
by increasing the sysiem's available NPSH or by selec-
ting a pump with a lower NPSH requirement.

Conclusion

Familiarizzion with NPSH requirements, along with
4 basic understanding of cavicuion and ways of avoid-
ing ir, can go far in reducing the number of misappli-
cations where centrifugal pumps are employed.

Also, know your pump vendor's capabilities. Dioes he
or can he supply the pump NPSHR dama you require
to rmake a sound engineering decision? Can he con-
duct special NPSH tests under varying conditions
which compare closely to your specific requirernents?

Positive steps taken to solve difficult suction cond:-
tions during the design stage will reduce the risk of
cavitation, thereby eliminating costly modification of
the suction system and/or pump along with the usual
upsetting delay in time.
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System Curves - Introduction

A svstem cunve is a graphical representcion of a flow
range through a process amngement against the
pressure (oxpressed as head) required o complete
the work.

The hydraulic energy may consist of (1) potential head
{based on elevation of the liquid relative 1o a selected
darum line), (2) kinetic head (energy in a unit weight
due to its velocity ) and (3) pressure head (energy con-
wined in the lquid becawse of its pressure).

A process sysiem physically consists of several com-
ponenis which may include: piping, valves, nozzles,
vesscls, flow meters, process equipment and other
Bguid handling conduits through which flow is
rogquired,

Curve Development

Basicially, two tvpes of conditions must be overcome
to induce fow at 2 desired e, They are: dynamic
head (fricuion bosses ocouring in the system which vary
accoading o the rate of Row by approximarely a squarne
ratio) and swnic bead (consone differengials which exist
ar suction and discharge points of the systemy, i.e., the
gas pressure acting on the liquid surface at each end
of the system, and the difference in elevation of the
liquid surface at each end).

It is common o initially determine each head require-
meend (suction and di ) independently since the
first condition o be determined is the WPSH available
(sce article 4 in this series). Next, we can determine the
total head differential (suction plus discharge alpebra-
ically) which the p must develop to attain the
desired fow. Note that a centrifugal pump's capability
1o hydraulically satisfy a rating specification goes
beyvond meeting a developed differential pressure at
the specified flow in that the NP5SH available at this
same flow must be equal o or greater than thar re-
quired by the selected pump o operate properly.

When analyzing a system for the purpose of selecting
a2 pump, the resistance to liquid flow through the
specific components muty be developed from pipe fric-
don tbles, actual test data or data supplied by the
manufacturer of the particular component or system.
Excellent sources for pipe friction losses include
Cameron's “Hydraulic Tables” and Hydrmulic In-
stipuee’s “Engineering Data Book.” In some instances,
it may be necessary 10 conduct your Own tests at
known flow rates to obtain the friction loss (pressure
drop) across the component in question.

Ampeca Pumps Cao., Inc.
(414)843-1852 Telephone
(414) 643-4452 Facsimile

Total Head Determination

Determination of the total head requirement of a
system at various flow mies can best be seen from
Figure 1 below.

l/é/wim Losses—
VARIABLE

HEAD IM FEET

Eur‘f?ﬁ! Head Diftential
N GONSTANT , NN
GALLONS PER MIMUTE

In terms of a formula, the system head can be stated as:

Totzl Head (TH) =
OH surface 4+ AH sttic elev. + H fricion

{algebraically added)

All units shall be expressed in terms of feet of water
When the toal has been established for one flow, it is
a simple procedure 1o calculate a series of flow points
for plotting 2 system curve over a broader flow range.
The only variable is the friction loss relating w flow
as a sqquare function, H friction includes pipe, fitting,
entrance, exit and all other processing equipment
losses related to a specific flow.

H, (friction Q,) = H, (friction Q,) * (% )’

When calculating the total head, remembser that the
constant static and surface heads must be algebraically
added o the H {friction Q,) caleulation.

Improved System Design

Systern design, in many instanoes, is 2 wrial and error
affair, further compounded by “safery factors”” The
system designer, who will be held accountable if the
pump selected is under capacity, will typically play it
safe by adding a 10-15% safety factor The pump
manufacturer’s application engineer will add his own
““safety Bactor™ for the pump, thereby further increas-
ing the overdesign characteristics by another 5-10%.



Obviously, a considerable degree of expericnce must
be amained before one can reliably project r:u?uim-
menits for specific applications; however, it would ap-
pear emsonable for all parties o provide their methods
of determination, enabling “safery Gctors™ to be scaled
dowen from the cumulative effect that will otherwise
resul,

Commonty, throttling or orificing is utilized to com-
pensate for overdesign. The more effective method
would be 1o reduce impeller diameter by machining
the impeller ar the job site This would resull in
decreased flow (and/or developed head), thereby
reducing wear and energy costs. If conditions change
over time and adequate HP is amailable, simply replac-
ing with a larger diameter impeller may suffice Chang-
ing speeds can also be effective under these cir-
cumstances; hoorever, a1 this tme the impeller route
wotld appear 1o be the more economicil method for
the majocity of applications.

Figure 2 indicates the wasted energy lost in throttling
when an oversized | r is emploved, and the
energy savings due 1o a reduced homsepower e
mfmmr that, by using a larger dmﬁ??un.
peller, you are paying for wasted enengy which, in
turn, is Causing needless wear and tear (o vour sysiem
and pump in terms of erosion and hear buildup.

HEAD
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Figure 2 GALLONS PER MINUTE

Advantages

The use of graphs in pump applications provides not
only a view of the “'as is” condition, bur illustrates such
“what if* siruations as:

1. Increase in pipe friction (aped system) - Figure 3
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Figure 3 GALLONS PER MINUTE

2. Eeduced pump volumetric efficiency (" wom' un-
ning clearance) - Figure 4

3. Effect of changing suction conditions - Figure 5

4. Effect of added safety factors - Figure 6
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Figure 6
Parallel and Series Operation

A stable pump characeristic (ever rising) is recom-
mended when two or more pumps are combined in
cither parallel or serics operation. Two pumps in
parallel produce the combined capacity of both at the
same head (Figure 7). Tavo pumps in series produce the
combined head of both pumgs and the capacity of one



(Figure 8). This relationship is true for the pumping
urtits alone, but is not necessarily wue when the pumps
are part of a system.

Figure 7 GALLONS PER MINUTE

HEAD

e -
Figure 8
Parallel

This armangement, producing greater flow than pro-
vided by an individual wnic, 15 more common. The
option of using one large pump or rwo small units
depends on the requirements of the intended
DpeTation.

A rising head-capacity curve is especially essential for
reliable servioe in parallel applicazon. A drooping
characteristic curve can potentially intersect a given
head ar rwo different points as illustrated in Figure 9.

GALLONS PER MINUTE

E'fgw

HEAD

Figure 9 GALLONS PER MINUTE

The effect of this can be a "hunting action'’ between
the rwo points, causing variations in capacity and

pressure. The beginning of the pressure variation lies
in the fact thar, &t some time, the pressure in the
discharge line is higher than that developed in the
pump and 2 movement 1o reverse flow occurs,
Serics

Scrics operation is employed where insufficient
pressune is developed by a single unit or where limited
SUCHON pressures ane available. Chamaeristically, a low-
speed pump has a lower NPSH requirement than a
higher speed When used a5 2 second-stage unit,
the higher s pump can develop the higher
pressure requirerent nécded at the discharge point.
Pumps with rising chamacteristic curves are pr:E'mm:d
because they develop the head within a narmrow capa-
city range.

Recommended Practices for Scries

and Parallel Operation

In series operation, bodh units should be provided with
by-pass systems 1o allow either unit to be operated in-
dependently. This permits operation without the idle
unit being on-stream, A by-pass syvsiem also allows
operation at a reduced flow rte during maintenance,
inspection or repair of either purmp.

In paralle] operatid, it 15 essential to have identical suc-
0N ATANEEMEnts © poovent one unit from being
“starved.” A similar discharge amangement 1o a com-
mon header is also strongly recommended.

SUmmary

The interaction between a pump and its system has
been discussed in some detail in the preceding pages.
The more thorough the undestanding of this subject,
the smaller the chance for application error. The
system, while being seatic in a physical sense, is as
responsible for the hydraulic operation as the rotating
Fm;-‘nzilj itself. Once this fact is recognized, the opera-
tional aspects of 2 pump/system arrangement become
significantly less complicated.
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Practical Limits for Centrifugal Pumps

This reference, hased on a combination of theoretical
study and practical experience, covers the "“norml
limits™" of the rvpical geneml-purpose centrifugal
purmp. The inter 15w broadly csmblish parmmeicrs
defining probable pump capabiliities under varipus
conditions,

Capacity

Initial effors should be made o apply 2 pump w0 a
svitem operating nexr the pump's highest efficiency
point. When operabon is continuous, it is doubly im-
portant that the poirt of operation be confined within
50% of the pump's best efficiency point (bep) of its im-
peller diameter Operation in this region normally
eliminates the need wo specifically check limitations
based on hydraulic. mechanical and thermodynamic
conditions.

Omne exception might involve a system with a low
available NPSH condition which could dicrate an over-
size pump selection, Operation at significantly reduced
capacity will result in a2 high differential pressure in the
casing volute acting against the side profile of the
rotating impeller The resulting force becomes a radial
load which, acting on the impeller shaft, can cause
shaft and bearing fai preTatue i r and wisr
ring wear, and mechanical sealing problems where in-
adequate mountings are employed.

A second problem resulting from reduced capacity —
noted particularly in high head (over 140 feet) pumps
operating at less than 20% design — is thermo-
dynamic buildup. At partial capacities involving low
efficiencies, much of the wasted energy is converted
to hear and transferred o the liquid being pumped. As
this process continues, the pump casing absorbs some
heat, with 2 portion being dissipated through convec-
tion and radiation. Maximum emperamure rise for a
specific application must be determined based on
hyvdmaulic and mechanical conditions.

Operation at partial ﬂpm:ir; for substantial periods
muy also result in erosion of internal areas subjected
to aggravating recirculating flow patterns which
deviate from the intended smooth transition fow lines
of design capacity. Damage need not be limited to
erosive action alone. Cavimtion damage can also oc-
cur in recirculating areas where developed velocities
can provide high vacuum pockets, resulting in cavita-
tion in a supposediy high pressure area.
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Pressure

Pressure imitations are primarily determined by the
pump casing suction and discharge connections. Until
recently, in working pressures below 300 psi, casing
arwd cover wall thicknesses were considerably heavier
than necessary o satisfy foundry sand casting prac-
tices. Changing manufacturing processes, employing
sheet forming, investment casting and evaportive
foam casting, substmantially reduce wall thickness and,
i rmany instances, now are a predicating factor, Other
Bcors include thve numbser and marertal of casing bolts

a8 well as shaft sealing, where both the seal and gland
arrangement need 1w be analyzed relative 1o allowuble
physical limis,

In handling cormsive media, the potential for substan.
tial cormsion attack dictates thar design calculations
be based on wall thickness less a 1/8-inch corrosion
allomrance

Other modification which are avalable 1o provide in-
creased working pressures include: heavier flanges,
thicker casing walls, the addition of ribs and higher
strength case marerial, Substantial addivional fixed
costs and extended deliveries may result when a pump
manufacturer must modify an existing design 1o meet
additional specificarions.

Temperature

Liquid temperature can have a significant effect on the
media being pumped, on the physical properties and
corrosion resistance of the housing material, on the
type of shaft scaling employed and on the make-up of
the complete rotating assembly.

While normal procedure would be w pump at ambient
temperature unless the process dictues otherwise,
there are circumstances where operation at high tem-
peratures would be beneficial o the pump's performs
ance. One of these areas is viscosity. Typically, an
increase in liquid temperanure reduces the liquid's
viscosity. This, in turn, expands the pump'’s hydraulic

and increases efficiency. Higher temperatures
can also be beneficial in keeping solutions in a dis-
solved state.

Generally, a material’s corrosion resistance will
decrease a8 pumping emperature increases, thereby
accelerating the cormosion mte of attack. Mechanical
properties may also be adversely affected by tem-
periture rise.



Mechanical shaft sealing is prevalent in today’s pump.
Seal materials are dependent on emperature as well
as other factors. Of prime concern is the necessity of
providing adequate lubrication to the sealing surfaces,
The media being handled must remain in a liquid state
etther through a reduction in emperature or an in-
crease in absolute ure in the affected area 1o main-
tain a sufficient level of lubrcation.

Temperature, along with required RPM and potential
loading conditions, dictates the type of assembly re-
quired. Liquids outside the 40° o 250°F range will re-
quire closer scrutiny relative o the intended bearing
arrangement and specific approval by the pump sup-
plier. The pump mamnufacourer will nonmally advise the
pumping frame emperature limits for grease and oil
lubrication based on the type of mounting employed.
Actually, the bearing frame termperanire may nin con-
siderably lower than the pumping emperature, due
its design, tending to result in substantial radiation loss.
Viscosiry

The performance of a centrifugal pump s affected
when handling viscous liquids. A marked increase in
brake horsepower, a reduction in head and some
reduction in capacity occur when viscosities exceed
100 55U, Typically, pump performance data is based
on handling cold water (32 55U1).

The maximum viscosity that 2 conventional oen-
trifugal pump can handle is dependent on pump size
and design. Viscosities as high as 4000 SSU (similar
to latex paint) have been handled satisfactorily with
well-designed conventional centrifugals. As viscosity
inersses, it becomes increasingly imporant, in selec-
ing a pumi o provide 2 near maximum impeller
dliarneter, by reducing chances of the cut-water
being ineffective, resulting in an internal rotting shear-
ing action similar 1o a car wheel spinning in mud.

Specific Gravity

A in establishing liquid velocity, develops
kinﬂuf&:gyhymﬂmtmmﬁdvﬂ]mm:ﬂfﬁqmd
per time increment at a particular velociry head. The
standard ‘I:guu:t used in determining pump perfor-
mance is cold, clear water with a 1.0 specific gravity.
Pumping liquids with differene ific gravities will
have a direct proportional effect on the brake
homsepower requirement per the formula:

Head (in feer) * Capacity (GPM) x 5p. Gr.
3960 x Pump Efficiency

BHP =

It is important that this caleulation be made based on
the maximum BHP requirement of the impeller
diameter in its overall operating range. The motor
homsepower selection should also be based on this
maximum fequirement.

Liquid - Solid Mixtures
These can be divided into two caregories, namely

“slurries” and “solids in suspension”” A slurry in-
dicares 2 mixture of a liquid and a finely divided solid.
When solid sizes exceed 1/167 the mixture is referred
to as “solids in suspension.” The minimum velocity
applicable to the system is esmblished by the velocity
required to keep the solid content in suspension. Since
a pump is basically a velocity machine, minimum
velodity is not a problem, but the higher velocities in-
curred in generating 4 head cin cause an extremely
high rate of wear in the hydraulic passageways.

Pumping a liquid-solid mixoure should result in the
same head as pumping clear water, reduced by the ad-
ditional hydraulic losses caused by the presence of
solids in rl'u.t;ll::ump passageways. It s imponant w©
realize thar solids suspended in a bquid cannot absorb,
StOre Or IRNSMmit pressure energy as puee fuids can,

Mo absolute corrections can be recommended for this
condition. The namnre and percentage of the solids will
affect the pump's performance to varying degrees.
About the only definitive factor that can be establish-
ed is the size of solid capable of being passed by the
pump. (The pump manufacsuer should supply this
data expressed as a maximurm sphere diameter), While
some parameters may be developed from text books,
technical papers, pump manufacturer’s data, etc., only
actual experience coupled with good engineering
judgment will provide a realistic approximation.
Because of the inherent properties of solid-lquid mix-
tures plus particle size and varagon, determination of
the pump's capability o handle solid content varics
widely. We arbitcarily have established a 25% solid
content by volume o be wsed in initial considertions,
of hydraulic capability, the prime consider-
tion muay well be the excessive wear caused by the solid
content and its effect on pump life and performance.

Speed

Operation of a centrifugal pump should be limited w
the maximum speed indicated on the pumo's name-
plate. Any intended service beyond the listed speed
must be thoroughly reviewed with the pump manu-
facturer’s application engineers.

The centrifugal pump, being a velocity machine, will
develop significant additional head (speed?) and a
substantial increase in brake horsepower (speed?) as
well as a changing NP5SH requisernent (usually higher)
as the speed is increased. These higher pressures and
loads result in additional physical strain on the pump.

Mosr centrifugal pumps designed in the US.A, have,
up to now, been developed to operate on 60 Hz motor
design speeds of 1200, 1800 and 3600 RPM. While
variable and higher speed capabilities are available,
none have yet made a neal impact. The unit mast likely
o achieve this within the next decade is the variable
frequency controller used with AC motors. As the fre-
quency controller gains acceptance, production costs
will drop, making it an even more attractive cost-Saving
element.




In most instances, only 3 qualified pump manufcuser
can determine whether his pump 5 suitable for
operaon beyond its original design speed range.
Working with the motor manuficturer, the suita-
bility of a specific motor driver is established and 2
motor AC drive package is then determined.

Entrained Adr

Entrained air has an adverse effect on pump perform-
ance, As little as 1% entmined air by volume can
reduce pump head and capacity subsmntially, Under
no circumstances should a smndard centrifugal pump
be expected 1o handle more than 3% air by volume,
as measured under pump suction conditions,

Substantial effort should be made o keep air out of the
liquid entering the pump. This commonly occurs if a
vorex develops at the suction pipe inlet. Adequare
submergence or baffling can help prevent this condi-
tion, A leak in the suction line or pump stuffing box

operated under a vacuurn may also introduce air imo
the purmnp's suction. A well-designed entry coupled
with good maintenance practices will alleviate most
entrained air problems.

Drissolved gas or gas evolving from a chemical reaction
can also prove tmublesome. Common practice calls for
the use of a larger diameter impeller (not necessarily
a larger inlet) to meet the hydraulic performance based
on handling cold clear wazer alone. Where the per-
cent of air (or gas) exceeds the recommended limit for
5 pumps, which may vary for different designs,
it n'{:rhcappl?m:c 1o consider less efficient pumps
designed specifically for handling two-phase flow.

Comprehensive information covering some of the
cific areas introduced in this issue will appear in
ture articles in the “pump primer”” series.
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Energy Savings - Introduction

Une of the biggest expenses today in liquid process-
ing operations is the cost of energy: It is not uncom-
mon for the cost of wasted energy in a continuous
pump service over a period of rwo years or less to
surpass the initial cost of the pump.

As a resul, more attention in owur current “'com-
petitive” era is being directed wward reducing
operating costs. Higher pump efficiencies along with
higher motor efficiencies are immediate solutions.
Other equally important factors include system design
and pump application. In this issue of the “pump
primer,” we will approach the subject of energy sav-
ings from each of these aspects.

Pump Efficiencies

The most obvious direa savings in the pump unit
results when a smaller size drive can be used because
of a pump’s higher efficiency and non-overloading
performance characteristics, (A non-overloading pump
provides a series of impeller diarmeters having mngen-
tial relationships with mogor standand horsepower
FALings o insure adequate power requirements regard-
less of flow - see figure 1),
-
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Figure 1
All drawn horsepower not utilized in developing the
required waler horsepower:
_ GPM x TH = 5p. Gr.
- 3960

is wasted horsepower Since the water horsepower
requirement remains the same at the specific rating
for any pump, the less efficient units at the point of

WHF
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operation will demand a greater brake horsepower
requirement:

BHF =

GPM »x TH % 5p. Gr.
3960 ® pump efficiency
The wasted HP is the difference between the brake

horsepower and the water horsepower as indicated in
figure 2.

HORSEPOWER

WASTED HORSEPOWER |
EIH'{DF.AIIJI:IL‘:_ ﬁu.!ﬂ?l’ﬂlﬂ & HIEGI-I.M'-IEI.L;I

GiFM
Figure 2

OFf the three primary pump losses shown under
wasted homsepower (hydraulic, volumetric and
mecherdcal), the i Ierss will usually be the most
significant. WU}I losses &ndud: 5lll'¥1!.‘: friction,
urbulence, currents and sepamtion occurring in
the complex flow of the rotating impeller and
sutionary volute The loss effect will vary with the rate
of flow:.

Wasted horsepower is dissipated through local heat
buildup and in noise or physical damage (usually
resulting from cavitation and erosion caused by poor
flow panerns),

Proper hydraulic design is necessary if higher effi-
ciency is to be atained. Requirements include: (1)
smooth surfaces, (2) strearnlined flow paths, (3) gradual
comversion of velociry mmgg within eross-sectional
areas (o pressure energy and (4) easement in directional
change,

The pump designer employs nature's basic principle
of liquid low (path of least resistance) in providing
prass ¥s a5 best can be compromised when pro-
ceeding alternately through stationary and rotati
passageways of varying velocities along with the
transitional phase of energy conversion.

Many manufacturers have sacrificed proper design to



FEmin COst competitive. Ampoo, while continuing w
rely on its extensive casting, fabricating and machin-
ing expertise, has adopted the investment and lost
foam casting methods to improve pump efficiency
while reducing manufacturing cost.

When evaluating pumps, request efficiency dam if it
doesn't appear on the published curves. You might also
inquire about the method of testing emploved. Are
calibration tests in conformance with Hydraulic
Institute or any other engineering standard? If horse-
power curves and sandard head-capaciry curves are
provided, efficiency curves can be developed by
using the following formula:

GPM ¥ TH = 5p. Gr.
BHP = 3960

Efficicncy % = * 100

System Design

In general, there is more area for improvement of
energy conservation in the system than in the pump.
It has been estmared thar, within the lass decade, over
20% of required energy 15 wasted because of sysiem
deficiencies. Primary causes are “oribcing and duot-
tling"’ to reduce overflows. As within a pump, system
throttling, with its destructive nature, can play havoc
with components, reducing their life.

Short-term orificing and/or throtiling can be used in
halancing a system. However, it would be more expe-
dient, where possible, o either reduce the impeller
diameter or decrease the pump's speed. Obviously, a
variable-speed unit, with its instant response, would
be most desirable Unforunately, current variable
speed pricing will, more than likely, offset projected
cost savings. A more economical approach would be
to reduce the impeller diameter to the point where
minirmal, if any, throttling would be required.

Excessive pipe friction losses can be reduced hﬁm
Larger pipe diameters, long sweeping elbows and valves
with minimal resistance losses. While this will involve
higher initial costs, they will be more than offser by
the energy savings resuling from reduced head
rEQUIrSMCcnLs.,

Continual equipment checks and periodic main-
terance will also assure 2 more relizble and efficient

processing system.
Pump Application

Praciical approaches o pump energy conservation
from the user's perspective include higher driver
efficiency, good maintenance practices and use of
broader high-efficiency ranges.

In evaluating pump performance, the user should
determine the efficiency rating at the intended point
of service. Unfornueately, peak efficiency cannot be
rmantained over an extended capacicy range. Therne-
fore, instances will occur where a pump which is less
efficient overall will have a higher efficiency at a
specific point of operation. In these cases, final deci-
sions should be delayed unil the entire nating
sequence is analytically reviewed. If the drop in effi-
ciency is minimal and the unit meets all other require-
ments, it may be advantageous to stay with a wide
capacity — higher efficiency rmange.

The National Electrical Manufacturers’ Association
(NEMA}has recently published a new standard defin-
ing energy-cificient motors, The definition includes a
table of nominal and minimum efficiency levels for
electric motors which categorizes motors as “encrgy
efficient” or “high efficiency”

NEMA's publication MG-1 is the standard reference for
motors and generators in the United States, The stan-
dard definition is provided by MG-1-1.41.2 and
MG-1-12.55. The full load nominal and minimum
efficiencies for open and enclosed mogors are found
in table 12-0B at the end of this article.

Some bid evaluations request the “wire-top-wire effi-
ciency;’ termed *WIW,” where;

. = GPM required | H required
Lk GPM actual H actaal ® Emotor % E pump
Summary

User interest in pump requirements rises significant-
ly during periods of “energy crisis” and then declines
as the crisis subsides. Be awane thar wasted horsepower
relentlessly carries on its destructive artack regardless
of energy costs. Why pay double for trouble?

TABLE 12-6B

| FULL LOAD EFFICIENCIES | OPEN MOTORS |

1FMOLE
herutetll Miairzus
Effcwsey  Effiicncy

4PFOLE

&

Effiicacy
BLS
BLS
BLS
BG5S

a0
0
a0
g4.0
g4.0

i
5r®
ELE
855
1.5 E5.5
E1S
E
0.2
.0
#1.0
917
.7
3.0
934
9340
5340

936
%

o
&0.0
B0
EB2.5
B21S
B85S
§1.4
BES
B9.5
8.5
9.2
2
.7
w.7
.3
5.7
G4
S a

Lot o il
L= =

150
20
5.0
3
4.
50u0
Ll
5.0
10000
135.0
15000

R

Homeaal Maises

& FOLE SPOLE
Moszrnu Minmen Mominal Mizimun
Efficicasy Efficency  Efficiency Efficiency  Efficiency
T T4 Tal 8.0
§2.5 L 755 0
B0 1 ] 1.5 825
855 vk 54.5 a4,
84,5 g4 AL 5.5
BA.5 BAS RS T
.2 BRS B35 §15
§9.5 5.5 a5 7.5
1.2 BHS 50,2 85
&1 &5 50.2 4.5
1,7 5.2 gL B3
1.7 0.2 0.2 353
81,7 £1.2 8.7 0.2
2.4 2140 52,4 P
53,0 2.7 936 o4
53,6 2.4 3.6 WLd
93,6 924 916 o
3.6 92.4 916 o214 rw)
W TR 0% i o & o oa



TABLE 12-6H

140
1.5

30
30
i3
104

200
250
300
#0110
500
0.0
TE0
1000
150
1500

| ENCLOSED MOTOR |
2POLE 4POLE 6 POLE
ozl Mizizen Momin] Mirmem Nomiel Mirimus
— — =0 740 755 T20
785 785 815 785 825 §0.0
815 785 253 500 %25 0.0
2S5 800 4.0 813 50 Bl.5
T 825 85.5 525 855 §1.S
s 825 15 BES 515 B35
55 8B5S 815 ESS E1E BiS
k] RE.5 83.5 BSS 5 B7.5
=S BG5S w2 S B BS
wnE BT.5 L0 Fo 20z B85
R B15 L. s 210 HUS
bk BEF 2.7 w2 oLt G902
0.2 BRS 024 910 oLT 902
PLT B2 3.0 91.7 ] e ) a0.2
Y14 010 430 917 G0 o1.7
3.0 21T 9.6 x4 3.0 9.7
3.0 LT 6 g4 53.0 2.7
3.0 LT 64,1 R 4.1 a3
54,1 00 945 5.6 94,1 930

a5 T
B B0
ns TEEF
0 83
BES ELS
1.5 855
S ELS
S 815
3 815
i RS
b S
S0 o
Sy S
S0 9.7
S0 SET
Lt 424
e -]
w1 .0



Humber 8 in 2 series

by Jok H. Hormsash
Chicf Enginecer, Ampes Pumps

Dynamic Sealing - Introduction

Dynamic sealing, relative to centrifugal pumps, ocours
at the point where the shaft used mmmf::m: impeller
passes through the casing wall. Some sort of restric-
tive devioe must be incorporated into the pmﬁhausr
ing to limit liquid leaksge from the housing at the shaft
entry and prevent air from mumjlm housing at the
same location. Dynamic shaft g is the number
one mechanical problem in maintaining satisfacory
pump openition.

Tor assure r sealing performance, the pump's
rotating :Lﬂpxﬁfsl'rﬂuld hepv:the-d::d ioddically dti::-
ing seal maintenance procedures. The seal manufac-
purer’s iolerinces and instructions must be followed.
Too often, only a brief glance at the external portion
of the shaft sleeve is made. It is recommended that the
shaft runour also be checked. Rumours exceeding a
total indicaror reading of .006 inches may need o be
reduced by replacing cither the shaft, bearings o, in
the case of small close-coupled pumps, possibly the
entire modor. Other readings should be mken o assune
proper shaft alignment with the housing, e, the stuf-
fing box face should be within .002 inches perpen-
dicular to the shaft, and axdal thrust movement shoubd
be no more than 005 inches,

The area surrounding the point at which the shaft
enters the pump is commonly referred to as the stuff-
ing box area. It may, depending upon pump design, be
either a sepirate cOmMpONEnt Or an i part of the
pump casing. Initially, the stuffing box took the form
of a cylindrical recessed ing which accommo-
dated a series of packing rings around the shaft or shaft
sleeve Thr]:ﬁtb:ll:ﬁ,hﬁnglﬁﬂm,mnhfmmd
to the desired “diametric squeeze™ fit by a gland
capable of adjustment in an axial direction. This
method of sealing led to the term “'stuffing box.”

During operation, the fluid being handled flows

through the slight cleamnce between the moving parts
{shaft sleeve) and the stationary ing, A" AT
ing as a lubricant for the ing. The fluid also

removes some of the heat resulting from the friction
gccurring between the compressed packing and the
rotating shaft sleeve.

When the lubricity of the liquid being pumped i un-
satisfactory, external Jubrication may be introduced
into the smffing box depending upon the specific
installation. This can range from to an induced
circulation system. The external lubrication must be
introduced at pressures of 5 to 10 psi greater than the
prevailing operating pressure in the stuffing box anca,

Ampeo Fumps Co., Inc.
(414) 843-1852 Telephone
(414] 643-4452 Facsimile

Shaft Protection

It was customary to equip pumps with inexpensive,
replaceable shaft sleeves o protect the shafts from nor-
mal friction wear This sealing armangemend, illustraed

in figure 1, has been in existence since the develop-

ment of the modem centrifugal pump in the late 19th
CEntury.

Figure 1

Packing is still employed for a substantial number of
applications. Current packing materials include
anirmal, vegetable, mineral and synthetic fibers along
with metals containing dry lubricants and binders in
combinations sufficient to handle most Auids in vary-
ing pumping conditions.

In receru years, the removal of asbestos as a packing
marerial left somewhar of 2 void in this type of seal-
ing arrangement. Teflon braided flament, while
chemically inert and with a high lubricity factor, 15
very sensitive 1o compression, resulting in profuse
leaking, burning up or scoring of the shaft sleeve
within 2 minimum adjusiment mnge. Graphite fila-
ment yarmn appears more pliable and has outstanding
self-lubricating and hear-dissipating characteristics.
Consult packing manufacturer’s pecommendation
chans for specifics. Today's charts not only include the
recommendation fora icular medinm but list the
PV (pressure velocity) lirnit, temperature limit and pH
range as well.



Mechanical Sealing
Mechanical sealing has come into its own within the

last 35 years. {]nE]mJ.l developed for applications
such as auto cooling system pumps when ethylene
glycol was introduced as a coolant, the mechanical
scaling armangement pracuically eliminaed shaft
leakage of the relatively expensive Liguid — a signif-
cant improvernent over previousty used stuffing boses.
The mechanical seal is comprised of sationary and
rogating members (figure 2), each with its own sealing
responsibilities. The sationary portion of the scal
handles the satonry arct berween the pump's gland
and the seal’s seat (usually, an elastomeric cup, O-Ang
or gasket). The rotating portion is responsible for the
rotating area between the shaft sleeve and the seal's
rotating assembly (usually an O-ning, Vering, bellows,
wedge, e1c).
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Figure 2

In a relative sense, each of these seal members ane
stationary within themselves, Primary sealing ocours
on a plane perpendicular to the shaft centerline ar the
juncrure of the seal’s sttonary and rogting members.
ﬂ-e:cm:lmhngsu:facc in this plane consists of flat,

polished faces on each component
w?m‘:l'l.:!.rt uumﬂ:. fun:l:limgcrh:tb:. springs or simikar
devices. Material selection of the sealing surfaces is not
only dependent on lubricity factors and resistance o
cormasion but on the ability o withsoand pressure-
velocity situations, emperanure, aheasive solutions, oic
Scaless Scaling

A third method of sealing is found in the “'sealesss™
pump which as the name implies, has no .w::hE
chamber. The unit consists of a pump/motor in whi
all moving parts (in both pump and motor) are in 2
sealed “'can.”’ A second can separates the stationary
mogor stator from the rotor.

Another sealess design employs magnets — one con-
nected 10 the pump shaft and a second driven by the
motor with a stationary non-magnetic continment
barrier separating the magnets and isolating the fuid
being purnped from the environment.

Seal Comparisons

MNow that various seal armngements have been ident-

ified, the capabilities, limimtions and effects each
of these has on pump performance are discussed
briefly in the following paragraphs.

Packed Boxes

Packed boxes permit the highest leakage rate (45 10 60
drops per minute). The actual rate depends on pump
size, RPM and liquid properties, Packed boxes are
reliable to the degree that temporary adjustments and
repairs can be readily made without delaying pump-
ing operations, Ease of inspection enables early detec-
tion of deenomting conditions,

Scalesss Sealing

The “sealess” ment s ideal when no leakage
can be wlerited. While reliability of this sealing
method has improved, its delicate design mmc.mn
siderable preventative maintenance and

care. Area of application is limited by the properties ::r:l'
the liquid being pumped. Bearing life can be a major
concern because slippage is greater than in a standard
sealed unit and volumetric efficiency is reduced since
3 to 5 percent of is directed to bearin
lubrication and ﬂuﬁm ¢

Mechanical Seals

This type of sealing methoxd is the current leader in the
pumping industry, viriwally monopolizing the field.

Mechanical seals, while nog leak-proof (up w 5 drops
per minuie are accepiable]), can be employed ina var-
iety of arrangements and mazerials, limited mainly by
the pump's design. Proper mechanical seal selection
should be dictated by the following criteria: (1) pump
size, type, speed and shaft diameter, (2) fluid being seal-
ed, (3) maximum souffing box pressure, (4) fluid
temperatre, (5) specific gravity, (6) fuid abrasiveness
and (7) lubricating qualities of the fluid.

Most mechanical seal manufacturers publish recom-
mendation chans based on years of field experience.
This dam should be thoroughly reviewed and a seal
representative consulted before making the initial
selection, The pump manufacturer can also assist in
the appropriate selection, relving on his oan iri
experience coupled with dam relative to the pump's
design.

Often, the pump user is most knowle l:r.lunugh
first-hand experience with the product
For this reason, maintenance people are mmv:lu:hlc

source for detemining both pump materials of con-
struction and sealing practices.

Advancing Technology

The continuing development of new sealing face
materials along with madern ini r.n:h.mx:
which provide flatness in Lght bands and su
finishes in micro-inches have contributed greatly to
improved sealing devices. Augmented by P-V (pressure
velocity) charts and recommendation guides, pump
users can face seal selection with Eir greater confidence
than in the pase.



Fump Modifications

Particular attention should always be given wo further
requiremenis or imications which may be essential for
the pump to function properly, In some cases, a pump
other than the originally selected unit may be required
o meet these modifications.

Such modifications may include: fush, vent, flush and
vent, quench, flush and quench, injection, double seal,
cutsiche seals, mndem seals, balanced seals, exc The seal
manufacturer's guide will define each modification.

Auxiliary equipment which may also be required
includes; heat exchangers, pressure Jubricavors, ad-
hesives, separators, cut-off or alarm switches, pressure
FESCIVIoirs, €1c.

With this discussion, it becomes obwvious why the
selection of an appropriae mechanical sealing arrange-
ment has lirerally become a science.

However, while a wide mnge of options/modifications
exists, the meyority of services can be capably handied
with a stndard seal arrangement, Sull, scourate reporn-
ing of previous successes or faillures by the pump user
will provide valuable clues to the seal engineer during
the selection process.

From a practical point of view, recommendations for
new applications should begin at the most basic and
economical armangement, matching accepuable per-
formance with adequate reom for modifications or
other seal . Once the sealing arrangement is
satisfactory, it may still be possible w go back w a
basic stuffing box. Nevertheless, in a “first-time™” situa-
tion, options should be available, if so necded, in the
design and experimental testing stages.

Maintenance

Obviously, seal life is dependemt on application,
materials of construction and maintenance. To operate
satisfactorily, the mating faces (both stationary and
rotating) must be paralle] o exch other at all times and
must always be separated by a film of sealing liquid.
Never run a seal dry. It can be ruined in 2 marter of
seconds. Some type of lubrication showld also be pre-
sent At the sealing surface.

When premature failure does oceur, both the pump
manufacturer and seal manufacturer should be con-
tacted for evaluation. Often, the failled seal must be
returned for analysis. In this case, all pertinert dara
g the operation will be studied, including
hours of service and, at times, even samples of the
liquid being pumped.

As new matenials are developed and coupled with
ood seal design, some current modifications or auwx-
aries may be climinated. Obviously, this is not a

“muature” product, Demands for greater speed, higher
pressures and empetitures and pew processing
techniques continue 1o-grow. Radical design changes
are not until 2 more hmﬂmindcﬁmﬂ
ing develops of whar really occurs berween the
stationary and rotating faces of the seal.

Conclusion

Just as, ydraulically, the system’s chasacreristics coupl-
ed with the pump's characeristics determine flow, so
will the scal selection, installation, operation and

maintenance be directly related o the pump's sealing
performance.
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Maintenance - Introduction

Since long-term breakdown cannot be wlerzed in
most services, maintenance procedures and a con-
tingency plan must be esmblished in advance o reduce
any economic loss caused by down-ume

During building and seart-up, it is common 1o use out-
side personnel. It is during and/or immediately after
this period that operating pessonnel should acquaine
themselves with the pumping unit — i 1y its
running performance. This will be of considerable aid
in establis a standard En:fu:urtreium:::: Instruc-
tion sheets, maintenance booklets Ems lists pro-
vided with the unit should be led in a file
referenced to a specific pump.

All possible performance data should be recorded once
the systermn has stabilized and is functioning properly.
Suction and dischamge pressure readings, indicated
flow — :.'Ep-mmb]c, seal leakage loss rate, bearing
temperature, noise and vibration levels all provide
input o a2 pump's in the system. Granted,
it isn't likely that all this data can be measured. How
ever, through familiarity with the unit, developing

changes can be detecied merely by relying on sight,

hearing and wuch.

From the start, operating personnel must be made
aware that any change in the system, including the
fluid being pumped, may have an effect on the pump's
E:rﬂ:lnmncr_ It is, therefore, advisable 1o also record
uid temperature, specific gravity, viscosity, liquid
concentration, percent of solid concemmtion, other
additives and propertes.
Jﬁ;ﬁr MAINTENANCE prmdure should begin with
each pump, All pertinent daex discussed earlier
in this issue relative 1w the pump, fluid handled and
system should be included. Complete records of
maintenance and repair costs along with a log of the
unit's operating hours should be kept. In addition,
complete pump identification — size, type, operating
speed, manufacturer, serial number and material m"
construction should be noted. Peninent comments

and/or photos of specific problems can also be of
imEerest.
Maintenance Procedures
Daily Check — possibly the most importnt inspection
will be the daily or, in eritical areas, even hourly obser-
vation made by your personnel of the following:

1. pressure reading and flow indicator

2. seal leakage rate

by fobr Ff. Horwsh
Chnef Engeneeer, Ampee Pumps

Basic Information About Centrifugal Pumps

Ampco Pumps Co,, Inc.
(414) 543-1852 Telephone
(414) 643-4452 Facsimile

3. change in operating sound
4. change in bearing temperature
Minimum Inspection — typically a minimum inspec-
tion is made at G-month intervals with results noted in
the pump’s maintenance file. The inspection includes:
1. check of mechanical seal or packing assembly
2. check of bearing lubrication
Annual Inspection — includes the two minimum
inspection arcas plus:
check of shaft sleeve wear
removal of packing'seal for inspection
bearing check
flushing and cleaning of internals plus drains,
and sealing of water piping and other piping.
7. check of wear ring (or housing bore) and
diametral clearance of impeller hub
Owverhaul — should be performed periodically. Proper
frequency depends on a number of factors: (1) type of
servioe for which the is intended, () basic pump
design, (3) fluid being pumped, (4) materials of con-
struction, (3) number of start-stops and (6) typical

period of operation. Some severe services may fequire
monthly overhauls; other less-demanding services

rmight need mﬁn-p:ﬂfmﬂnmmﬂmdmﬂwﬁ.

For inspection fi and breakdowns, a contin-
gency plan shnul? be developed. To begin with, an
adeguate supply of probable replacement parts should
be kept on hand — ing on the extent to which
vou can afford to nsk a shut-down,
A minimum reguirement for pump maintenance
should include the following items:
1. wear ring set (if applicable)
2. shaft sleeve
3. mechanical seal kit (complete with gasket
set) or packing set (complete with gasket set)
For the average requirement, the following additional
components should be added:
4. impeller
5. impeller screw
6. shaft (pedestal unit only)*
7. bearing set (pedestal unit only)*
* For close-coupled units integrally mounted on special
mctors, it is normmal (o contact the nearsst Motor
Service Center for replacement of shaft and bearings.

Oh Wl B LM



Wherne service cannot be interruped, a ete stnd-
by pump unit fully assembled (possibly even in a by-
pass line) is recomménded since it is not reagonable to
expect overnight service on all major pacts from the
factory, particular]ly where specials may be involved.
The degree of risk in downtime rmust be resolved by
the user. If a number of identical units are in service,
the inventory of replacement parts and/or units may
be reduced toa 1 to 3or 1w 4 mtio or even greater,
depending on the service

Beyond the economics of stocking critical

parts, it is recommended that an adequate mainte-
rance training program be instituted. Someone —
usually in maintenance or engineering — should
beoome know about pumps. Through train-
ing, daily exposure and inherent ability, the resident
specialist can avoid repeating certain trial-and-error
scenarios o solve pump problems. He can also more
intelligently discuss problems with the pump manu-
facturer, thereby reducing the “language’ barrier
which might otherwise create delays.

Production personnel may be used for this function,
although most of these people are so involved with
other on-going duties that they are hard-pressed o
thoroughly familiarize themselves with the science of
pumps. However, they can be responsible for con-
ducring “daily checks” and reporting changes or
suspected problems to the proper source,

Alfter resolving a pump problem, a complete descrip-
tion of the problem and remedy should be entered in
the permanent file for thar pump. Should a pattern of
problems begin o appear, the pump manufacurer
should be conmaed. Options or remedies unknown
to the wser may be available. Also, photographs can be
effectvely used wo provide a more accurate and graphic
record of part falure than a wrinen description.

Mormal inspection practices may not alwayvs detect

caused by corrosion or erosion. Frequent in-
ternal checks are recommended on initial secvices
where this problem is suspect.

Ordering Replacement Parts

A manufcturer can best serve your replacement re-
quiremnents if you identify both the part 10 be replaced
and the pump for which it is intended. Include the
serial number as well as other data appearing on the
pump nameplate. Be specific — identify the part in
question from a cross-section drawing usually includ-
ed in the ing manual and use the indicated part
number and nomenclature in your description.
Assembly and Disassembly
The following procedure, used in conjunction with the
manfacturer’s instructions, is basic to all centrifugal
pump repair work. It should always be performed in
a clean work area:

1. Drisassernble each part carefully, mking extreme

eare to prevent further damage,
2. Inspect each part as it is taken off the unit and

place each itermn in order of removal w0 help
ensure proper reassemnbly.
. Protect all finish machined surfaces.
Make necessary repairs or replacements and
carefully rebuild. Each part must be clean —
particularly the gasket and sealing surfaces,
Again, follow the manufacturer's instructions
precisely.

Commom Troubles and Their Canses

Pump operating troubles may be either hydraulic or
mechanical. Hydraulically, a pump may fail to deliver
sufficient pressure or may lose its prime after starting

Mechanieally, a pump may consume excessive power,
vibrate more than normal, generate noise, develop
stuffing box difficulties or experience part breakage.

A definite relationship will usually exist between cer-
min difficulties in both categories, For example, an
increase in the wearing ring clearance (mechanical)
will lead 1w increased leakage resulting in lower, less
efficient hydraulic performance

ke Lk

While the pump is the prime mover of a system, itis
not Always at fiult when expected hydraulic perform-
ance isn't met. An analysis of the listed causes for
trouble reveals that the pump is directly responsible
less than half the time.

The following list is imended 1o assist users in deter-
mining the cause of any pumping trouble. Faulry in-
stallations can then be corrected and a clear deserip-
tion given the manufacturer if assistance is required.
1. No liquid delivered
a. pump and suction line not completely primed
b. speed wo low
c. required discharge head wo high
d. sucrion lift too high (should not exceed 15 feet
dynamically of cold water unless otherwise
guaranteed)
€. impellet, piping or fnings completely plugged
. wrong direction of mo@ation
2, Insufficient capacity
4. air leaks in suction pipe or stuffing box
b, speed oo low
¢ required di head oo high
d. suction lift oo high (should not exceed 15 feet
dynamically of cold water unless otherwise
guaranteed)

. impeller, piping or fittings partially plugged
insufficient positive suction head for hot wazer
or other volatile lgquids

. liquid viscosity too high
mechanical defects — rings worm, im-

peller damaged, packing defective

wrong direction of rotation

. Suction pipe entrance too close w surface of
ligquid

3. Insufficient pressure

a. speed wo low

b. mechancial defects - impeller damaged, pack-
ing defective

™
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. small impeller diameter
4. Pump operates for a while, then quits

a. leaky suction hose

b. air leaking in through stuffing box - water seal
plugged

€ suction lift wo high (should not exceed 15 feet
dynamically of cold water unless otherwise
guaranieed)

d. air or other gases in liquid being pumped

€. suction pipe and fittings not completely freed
of air during priming

5. Pump takes wo much power

a. speed too high

b. excessive liquid being pumped because re-
quired hiead is lower than anticipated.

<. viscosity and/or specific gravity higher than
specified

d. mechanical defects - binding at wearing rings
from distortion due to piping strains, shaft
bent, impeller rubbing casing, smuffing box
o0 tight

. wrong direction of rotation

Long-Term Storage

Ideally, a purnp should be stored in 2 controlled atrmos-
phere at an even temperaure 10°F or more above the
chew point with a relative humidity of 50% or less and
with little dust and no harmful fumes presen:.

From a practical sense, a clean, dry location would
satisfy most requirements.

Units stored in environments containing substantial
dirt, dust, moisture or other harmful materials must
be completely covered with heavy, trnsparent plastic
Several bags of silica gel should be placed inside the
plastic wrap to reduce moisture.

ess of the storage environment, it is recom-
mended that the rotting element be turned over by
hand for several revolutions at least monthly.

Conclusion

In summation, use a systematic approach in estab-
lishing both 2 pump maintenance program and a con-
tingency plan to contend with breakdowns, Also, don't
overextend maintenance. . . specifically, don't over-
grease ball bearings and don’t overtighten packed
stuffing box glands — just follow the manufacrurer's
instructions.

Best Advice — Be Prepared!
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Corrosion - Introduction

Tens of hillions of dollars are lost annually in the 115
because of corrosion damage to metals. It is one of the
most troublesome and costly, yet least understood,
aspects of engineering design. More damage is caused
by corrosion than by any ather single facor.

Corrosion may be defined as the deteriomtion of
marerials through chemical, electro-chemical or
mechanical-chemical artack. Although an extensive
variety of chemical attacks can gocur, this article
will limit itself to the most common occurences in-

volving general-purpose centrifugal pumping of
cofrosive media,

Mumber 100 & Saried.

Creneral Corrosion
General overall surface penctration by chernical re-
action causes a4 uniform reduction of the pump
casting's wall thickness, Selection of 2 mare resis-
tant material will normally reduce the net loss rane.

Crevice Cormosion
Imense localized comresion which ocours within
crevices and other shiclded areas is caregorized as
crevice corrosion. A good pump designer will
climinate this sitwation as much as possible in the
design stage.

Pirting Cormosion
Extremely localized artack which, many times,
develops during stagnation periods (downtime),
This tvpe of cormosion can be devastating at the
immersion line where deep cavities can rapidly
develop in an irregular patern.

Cralvaric Corrosion
Occurs when two different metals in contact {or
connected by an electrical conductor) ane exposed
to 2 conductive solution. To avoid this action, select
combirctions of metals in close proximity in the
galvanic series. Also, avoid combinations in which
the area of the less noble material is relatively sonall,
Under some conditions, adding a suitable chemical
inhibitor o the solution may reduce the reaction.

Galvanic Series

Corroded End (anodic end - or least noble)
Magnesium
Magnesium Alloys
Zinc
Alumimum
Cadmium
Steel or Iron
18-8 Stainless Sieel (active)
Lead
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Tin
Mickel (active)
Brasses
Copper
Bronzcs
Copper-Nickel Alloys
Nickel-Copper Alloys
Nickel {passive)
18-8 Swainless Steel (passive)
Silver
Graphite
Cold
Plazimurm
Protected End (cathodic - or most noble)

Erosion Corrosion

This type of corrosion is attributed to the removal of
protective surface films {oxide layer) by local, high-
velocity turbulent conditions, exposing the unpro-
tected metal surface 1o a direct corrosion attack. This
continuing action, coupled with an accelerated ero-
sion rate brought on by a deteriorating surface condi-
tion, leads to premarure failure of the pump.
Cavitation corrosion, described in an earlier article as
the mpid formation and collapse of vapor bubbles
resulting in implosions, is, in essence, a of ero-
sion corrosion.

Many factors influence the resistance of materials to
corrosive solutions. These include: temperature, con-
centration, degree of acration, camlytic CONSATHNANLS,
solids in suspension, velocity, stgnation period,
influence of re-circulation and equipment design.

Obviously, good cormosion resisiance is a top prere-
quisite for handling corrosive media. Since it is nor-
meally impractical o woally eliminae corrosion, the
“smart” engineering approach is o wolize a *fully™
resistant material of consuruction,

Material Selection

Be aware that the proper marerial selection is ulti-
maely the wser's responsibility. Only the user can
control the liquid being pumped relative to concen-
tration, emperamure, et The responsibility of the
pump manufzcrurer is 1o provide the selected material
i a physically sound condition and o the cormect
chemical compositon while meeting ified hy-
draulic requirements. In practice, a aﬂ pump
SUTEL' will provide guidance based on his experience
with previous applications involving similar services.



It is recommended that the material selection be
carefully considered, lacking any previously accept-
able history, Informaton sowrces which can be
referenced include: (1) first-hand, in- plant experience,
{2) similar applications at ather locations, (3) Hydraulic
Institute Corrosion Chart, (4) Mechanical Seal Ree-
ommendation Chart, (5) pump manufacturer’s ex-
perience, () appropriate literaure, texts and similar
references.

All oo often, none of the mvailable data will specifically
meet the stated conditions, particularly where solu-
tions contiining several chemicals of varying concen-
rations ane being . This, when added o a
temperaure increase of as lirle as 10°C, can double the
COFTOSI0N Fe.

The presence of dissolved air or other oxidizing agen:s
in the liquid can alone be responsible for causing an
acceleraed corrosion rate in an otherwise assumed-
to-be-acceptable siruation. Minute traces of an element
irvodving only several parts per million can also, under
certain conditions, be sufficient 0 cluse a sevene
corrosion atack where no serigus reaction would
nommally be expected based on the scued basic com-
position of the solution.

By the same woken, pitting corrosion ocourring dur-
mg:m:xrmd:d down-cycle period can, memy 1imes,
be reduced immeasurably by dedning and flushing the
pump on entering the “down™ cycle

Corrosion Testing Vital

After initial selection of acceptable materials of con-
struction, it is advizable to run Cormosion tests in an
environment similar 0 actual pumping conditions.
Test racks can be assembled for this pu The ser-
vices of 2 consulmnt might also be retained 1o perform
laboratory measurermnents of such electro-chemical
corrosion phenomena as potentiodynamic polariz-
tion scans and Tafel Plots. These and other techniques
like pitting scans and corrosion behavior diagrams
using micro processor-controlled instrumentation will
provide results in hours instead of months required by
typical test rack methods,

While none of these methods will match actual pump
conditions, they will usually eliminate the least
desirable materials of construction,

Pilot tests can also be performed in the lab, using a
maodel pump o handle the liquid solution, Even this,
thowgh, is no substinne for on-site, full-scale tests
under normal operating conditions,

Corrosion Rate vs Cost

In selecting a suitible cormsion-resistaint material, the
most important comparison will be the projected
corrosion rate vs the cost of the material. No single
material cin be recommended for the entine spectrum
of cormusion service. Begin the selection process with
a broad overview, taking into consideration corrosion
resistance, pump efficiency and cost factors based on
the pump's anticipated life expecancy. To pay 15 times
as much for a unit with only twice the life expecancy

based on cost alone is not a sound investment, vet this
scenario does exist,

The following table may be helpful in the selection

process: Corrosion Rate
COTHrTent

Consicdered

Fully resistant.
Exzensive preliminary
testing required before
acceptandce.

Mot recommended —
consider alternate
materials,

Beyond corrosion rates, workability of the material
is also important. Some marterials may be accepable
from a cormosion standpoint but entirely unacceptable
from a casting or machining aspect because of the
limitations they impose on & centrifugal pump’s
proper hydraulic design, i.e., being unable o provide
efficient flow passages. In this case, higher energy costs
would result and pump life would be reduced due 1o
the erosive action of the fuid on the inefficiently
designed impeller and/or housing.

Be sure to keep informed as new materzals are de-
veloped w handle higher processing temperatures,
pressures and overall requirements.

Mon-Metallic Materials

Other methods of resisting corrosion employ non-
metallic coatings, plastics and elastomers. Each has
limited arcas of application and perform effectively
only if precautions are taken. Coarings cannot include
pin holes which expose the base metal and plastics
losc strength as temperatures increase, Also, phenolic
and epoxy parts have a tendency o Vcreep’” and lose
dimensional integrity.

Reactions tha: may occur are quite different from the
amacks on metallic marerials, They include: (1) decom-
position, [E}Gmdmmn and cisimeegration, (3) surface
hardening, (4) permeation, {5) surface amack, (6) severe
swelling, (7) sub-surface degradation and (8) loss of
strength, It becomes obwious that these reactions may
be difficult to evaluate, paricularly in plastics where
sub-surface degradation can occur.

Conclusion

To summerize, be as factual a5 possible in descrbing
the media wo be pumped. Don tmﬁl.mls:pm'inusﬂ:
perience or similar :pp-hc:mnn.i o reach appropriate
solutions, Discuss your situation with both the pump
and mechancial seal manuficurers, Look for a consen-
sus of opinion before selecting a specific material, even
for west purposes. Conduct the corrosion test under

conditions closely approximating actual pumping,
particularly in respect to velocity.

Final material selection rust be based, not only on cor-
nosion resistance, but on workability of the material
and overall cost (this includes initial cost, replacement
parts, downtime, life expecancy, maintenance dme,
ete.}as well as the reliabilicy fBactor.

Bare
0 1o 0.006 inches /year

0,006 1o 0.020 inches year

Over 0.020 inchesfyvear
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Sound - Introduction
A general definition of what constitutes sound is in
order before relating this subject specifically o pump
ﬂ-l'.l-t'!'.][jﬂd‘l.
Sound is defined as mechanical energy transmitied by
pressure waves in an elastic medium such a8 air or
water. Sound is constantly around us and is transmit-
ted 10 our sense of hearing. Sound allows us to react
accordingly, depending on our physical ability to
hear the sound and our interest in the sound being
developed.

Most of the sounds we hear are caused by nb;tu:.
vibrating in contact with air Sound propagation in
a;::::mbcmmp:mdmnm-:s in water The waves
spread uniformly in all directions, decreasing in
amplitude as they move from the source. Obstacles
placed in their path will disrupe the flow panem in that
particulir area.

Diisrupting sounds. many of which have become
prevalent in oday’s society, can be classified as noise
Basically, rwo types of noise exist: (1) airborne noise
which is carried through the air in m:mnfpﬂssum
fluctwations and (2} structure-borme noise which is
transmirted through a solid body in the form of
vibrations,

Measurement of airbome noise is conduced through
the wse of microphones and sound level meters at
specific frequencies,

Measurement of structure-bome noise requires the
selection and mounting of transducers at the point(s)
of highest broad-band volume and direction.

Sound is universally mexsured in decibels (dB). While
four decibel scales of measurement exist, only the “A™
network is commonly used today, Decibel scales ane
related 1o an absolute pressure scale. In terms of ab-
solute mexsurernent, the nonmal ear cn detect 2 sound
pressure of 20 mullionth of a = 0 dB({A) - which
i5 a factor of 5,000,000,000 less than the stndard
armospheric pressure of 14.7 pounds per square inch.
Ar 100,000,000 millionth of 2 pascal - 134 dB{A) - the
car would be at the threshold of pain.

Lizing the "A” nerwork, examples of a broad range of
sound sources are offered below: pecihels dB(A)

Jet Plane 130
Boiler Factory 15
Heavy Traffic 100
MNormal Office 80
Quiet Office GO
Whisper 40

Thee<hald of Heasmse i
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Working Standards

The Federal Government (Walsh-Healy Act of 1972)
has standiards for occupational noise exposure (OSHA)
that provide worker protection when sound levels
ixceed established limits. Feasible administrative or
engineering control must be emploved under these
conditions. If such controls fail to reduce sound levels
to those ifscd by OSHA, personal protective equip-
ment shall be provided and used. O5HA allows no
more than 90 dB{A) wal noise at locations where
employees are smtioned for periods of 8 hours.

Pump Operation

Moise, while uncomformable to the ear, nnbra;:fﬁl
of potential trouble in the operation of 2 pump and/
system. Operating, maintenance and engineerin
sonnel prefer a centrifugal pump systerm to be :EI:E:\'EI}
quiet. However, because the pump is the initiating
source of fluid movement, the universal tendency is
to brand it as the basic cause when high noise levels
are reached.

In reality, more noises will normally develop in the
system than in the typical pump-motor combination,
particularly if the unit requires less than a 25 HP driver

Actually, notse generation in a pump-sysiem arrange-
ment inherently beging during the development of
the pump’s design a3 the hvdraolic and physical
charcteristics are established and ends with the
design and installation of the system along with its
environmens.

Hydraulically, centrifugal pump selection should be
based on operaton close 1o the pump's BEP (best effi-
ciency point), A pump's efficiency at the intended
point of opertion has 3 direct effect on the noise
developed by the pump. Other pump noise contriba-
tions may include: bearings, cut water clearance,
suction and discharge velocities and, of course, im-
peller imbalance.

Another noise attributed to the pump is cavitation.

This is not necessarily 2 pump problem if the pump
mects the stated NPSH requirement and the actual
requirement i€ less than thas,

Reducing Noise in the Pump

Operation of the pump at its Best Efficiency Point
obviously will aid in reducing the unit’s noise level
since the hydraulic efficiency is highest at the BEP
capaciry. In a good pump design, the resulting losses
at the BEP are, primarily, fricuon losses. Away from

the BEF, shock losses occuring at the point where
Liqquidl enters and leaves the impeller become an ever-

[ I S



Some noise reduction can be expected if an impeller
diameter, running in close proximity to the casing cut-
water, is slightly reduced, thereby decreasing the high
velocity and mrbulence incurred at the cut-water
SCpArAion.

The smoother the transition throughout the pump’s
flow path, the less shock and turbulence oocur, Since
the energy lost during this transition is responsible for
2 substannal amount of noise, less shock and ur-
bulence translate to less noise and higher efficiency.

Mechanically, a balanced impeller will also provide
smoother, quieter operation,

Formulas have been developed for estimating the PYWL
(Sound Power Leveljof centrifugal purmps based on the
hydraulic horsepower and efficiency of the pump at
the paint of operation. Once the PWL is established,
further empirical steps can help estimate the SPL
{Sound Pressure Level) in dB{A) units,

Reducing Noise in the Motor

Motor fan nodse is usuzlly the major contrbutor to the
noise generaied by a pump-motor unit. A thick plastic
or meal fan guard will appreciably reduce noise from
this source, Adding some rype of mastic will also
recluce the sound kevel when particularly thin metallic
designs are involved.

Other methods of sound reduction include: special
precision ball bearings, dynamically balanced rotors,
air intake muffiers and acoustcal enclosures. As the
horsepower requirement increases ina pump-driven
operaton, it is normal for the droiver noise to be
substancially higher than thar of the pump and,
thercfore, the dominam mnoise facior

Reducing Noise in the System

Conrolling the noise level in a circulatung system
requires careful arention w every clement in the
system, L2, valves, pipe supports, size of piping and
controls used in addition o the pump and its im-
mediare auxiliaries.

Reducing the rate of flow will decrease fluid velocity
and result in 2 lower noise level,

Noise caused by sudden changes in velocity and direc-
tion of the flow stream can be reduced by smoothing
out these areas. Keep in mind that changes of this kind
will not only favorably lower friction losses, they will
also extend the life of the system as less wasted energy
is expended.

Afrer becoming familiar with the factors contributing
to noise in a system, it belps 1o have a sense of “'feel”
to cormectly detect and quickly eliminape or reduce the
noise problem. This is usually an acquired skill,

Vibration

The most common source of vibration in rotating
machinery is unbalance followed by misalignment
between the pump and motor shafts on frame-style
units. Often, ultra-quiet bearings may dampen the
resonance and/or amplification 1o 2 wlerable limit.

Offensive vibrating sources in machinery must be
isolated and reduced or elminated, When vibrations
are transmitted to sheet metal processing equipment,
the sound can be greatly amplified.

structure-borne noise can often be dampened by
using resilient mountings on the pump-motor wnit and
flexible connections in close proximity w the pump
ar both the entry and discharpe.

Summary

As mentioned earlier, sound waves spread evenly in all
directions, decreasing in amplimide as they move from
their source. When encountering an obstacle in its
path, part of the sound will be reflected, part absorb-
ed and the balance transmited through the object.
How much sound is reflected, absorbed o transmit-
ted depends on the object, its size and the wavelength
of the sound.

Airborne noise is usually controlled with acoustical
absorbing (isolating) material positioned within the
room or area of the originating noise source.

To this point, we have dea’t with the noise emitted by
a single pump and its system which may dr may not
be in the same location. Be aware that tol noise ata
single location muay include other noise sources and
their reflections from walls, ceilings and equipment.
Noise at an employee's work station is an example of
ervironmental noise and is a measurernent of all spund
o which thar individual is normally subjected 0.
Since sound is measured on the dB (logarithmic) scale,
dB levels cannot be added or subtracted in the uswal
way, Information on this subject is readily available
from manufacturers of sound measuring equipment,
sound specialists, extboaks, technical articles, etc.
Pertinent Points

In a wotal approach to neise control, all possible vibra-
tion paths from the source o the ear must be

Thorough examination will assure selection of the
st economicil and desirable solution to 2 noise

problem.

1. Noise in a pump operation is a system problem in
which the pump is just one of many noise Sources,

2. Select a pump w meet the hydmulic requirements
at the pump's highest efficiency.

3. Isolue rotmding equipment with dampening-rype

materials and echnigues 1o reduce noise levels
throughout the entire sysiem.

4. When necessary, airborne noise can be reduced
with sound reducing enclosures or proper room
treatmend, if feasible

5. Noise levels drop geometrically with distance.

6. Reflecting surfaces should be wreated o decrease
sound pressures,

For an in-depth analysis of this topic, sound con-
sultants are available as are shor-term educational
courses offered periodically by manufacturers of
sound measuring equipment.
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Motors - Introduction

Basically, an electric motor converts electrical encrgy
into mechanical energy. Since electric motors are the
most popular prime rotating movers of centrifugal
purnps, some fundamental information relative to their
performance and requirements may be beneficial,

Because motors are wsually quite dependable, litde
thought s given w their selection, Many motors
are purchased as integral components of process
equipment.

Horwvever, envinonmientil and energy requirements can
play an important role in motor selection. It has been
estimated that electric motors consume about 60 per-
ceme of the electricity generated in the United States.
This article will limit itself to the general purpose AC.

matar which 15 the most comumon industrial vk,
AL Motors

These motors are available in two size categories —
fractional and i al ho er The great majority
are 3-phase modos (up w 100 HPF) operating at
460 volts although some fractionals are single-phase
and operate from common-line voltages of 115 or
230 vols.

Crverall, the squirmel-cage, constant-spoed, 3-phase in-
duction moior 15 the most common electrical power
source. In brief, this unit consists of two windings.
Ome, referred 10 as the stator, 3 s@tonary and is
embedded in slots in the motor frame. The second, or
rotor winding, consists of a series of copper or
aluminum bars embedded lengihwise in the iron cone
of the rotor which is the moving elemnent of the motor

Ampeco TYpe KCE close=coupled pump mounted wo & fractionsl
Borispower mOolor.
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AL current is applied to the windings of the stator
pole, producing an elearo-magnetic field which varies
in strength and polarity as the current flows in aler-
nating directions, An clectrical field is created within
the rotor, producing a force upon the rotor’s conduc-
tors which tends to make the motor revolve in the same
dircction as the electrical field.

The squirrel-cage motor is characterized by inherently
good speed regulation, low cost and unconrolled
acceleration. Five standard rypes are manufacured 1o
NEMA Design Specifications. They are referred 1o as
NEMA Design A, B, C, D and E.

NEMA Design B is considered the standard general-
purpose modor. Applications include driving cen-
trifugal pumps (both francis and radial impellers), fans,
blowers and machine wols. Design B motors have
normal s@aning current acceptable o most power
systems. This design has relatively high breakdown
torque and low slip. Low-slip motors are intended for
relatively consant loads and long running times
Typically, the speed variation from no-load to full-load
i less than 5 percent. The popular speeds for cen-
trifugal pump-motor units operating at 60 hertz are
3600, 1800 and 1200 RFM. At 50 hertz, 3000 and 1500
RFM are common speeds.

Enviromnment

Next 1o speed and homsepower, the environment under
which a motor will operate is 2 most imponant con-
sideration in the motor selection process, Environment
detrermines the rvpe of motor insulation and mowor
enclosure thar should be used. Boch decisions must be
made after careful analysis to ensure longest possible
maotor life at the least possible cost.

Ambicnt temperature, immediate air contaminants,
altimude and other environmental factors must also be
satisfied theough modification of the electrical and/or
mechanical mowor components.

Various rypes of motor enclosures used for protection
are included in the NEMA Standards for Motor Types.”
Enclosures are rated by the degree of protection
provided.

While a2 number of enclosures and their varistions
exist, this discussion will be hmited o the most com-
mon types. More deiled references can be found in

* NEMA STANDARDS — Dieveloped by the Matioral Mamafsmesss Ao
i, 3 naor-prodit rade assocerion of mandsnse of eleorcl s
and mapplics o i sancardiraron oo Gl endermRandng borwe
the manafsstuns ik wer of elearioal produces



the WEMA Smndards Publication No, MG1, Secion
1.25 (Open Machine), Section 1.26 (Totally Enclosed
Machine) and Section 1.27 (Machine with Encap-
sulared or Sealed Windings)

Open Enclosure

The most economical motor, at first cost, is the stand-
ard open type. Open units are constructed o allow
unhindered operation when liquid or other particles
strike or enter the motor enclosure ar any angle from
0o 157 downward from the vertical.

TEFC Enclosure

Tolly enclosed motwors are usually more expensive
than open rvpes. TEFC enclosures are designed o pro-
hibit the frec exchange of xir between the inside and
ouiside of the mowr case. This enclosune 15 required
when the environment is hostile o internal motor
parts. Ivis the most common enclosure in the process
industrics,

L

Ampeo Type HBH frame pump direct-coupled 1o 8 soindaed
intcgral hofse power, el y-enclosed Mo

Encapsulated or 5ealed Windings

These wnits have random windings filled with an in-
sulating resin which also forms a protecrive coating.
Application of this stvle is intended for exposure to
environmenal conditions wo severe for typical var-
nished windings.

Many motors are overspecified relative to enclosures
and protection. Careful analysis of requiremnents
should precede motor selection. Be aware that, under
the general classifications described above, many sub-
classificarions exist which may be offered by individual
MOLOT MEAnuiacturers.

Insulation and Temperature Rise

The basic purpose of the insulation system is to keep
the elearical conductors from coming in contact with
each ather and the motor frame, Any (ype of contact
would crcate a short circuit and mogor failure, NEMA
lists four insulation classes designated as A, B, F and
H. Temperanure ratings of each classification are; Class
A (105°C), Class B (130°C), Class F (155 °F) and Class H
(180°C). Effects of emperature on winding insulation
life are decreased percepibly when the insulation
temperature is reduced or when a higher class insula-
tion material is employed. Total emperanune is the Swm

of the ambient emperature, rise in temperature
through resistance, and the hot-spor allowance.
Therefore, a Class A ingulated (105 °C) motor operaging
in 50%C ambient temperature with a 10°C hot-spot
allowance would be Umited 1o a 45 °C wmperanne rise.

Today's “T" frame mowrs have higher surface
emperiures than mowrs of older design. Typical
values of full-load surface temperatures may range
from 80 10 100°C. This in itself, though oo hot
touch, does not mecessarily indicate an overload.

In addition o insulation failure caused by thermal
degradation, failure can also be caused by such effects
as chemical attack and moisoure,

Cooling

Dpen drip-proof motors drew inoueside air and pass
it through internal components to remove heat
generated during operation.

Cooling of TEFC motors is accomplished with a con-
tinuows Aow of air over the ourside surface of the
mator. The air flow is generated by a fan mounted on
the rear of the motor shaft, Usuwally, the motor
enclosure also provides breather or condensaze drain
hales o remove accumulzied moisiure,

Motor Frunes

NEMA has esmblished dimensional standands for both
open and enclosed motor frames through 150 HP and
for close-coupled motor units through 60 HF,

When specifving motors, close artention must be given
o the entire frame size designation, particularly when
close-coupled motors are involved. Standard dimen-
sions for Hydrulic Instirute /NEMA Type C, Face-
Mounted Motors shall be in accordance with NEMA
Standard MG 1-18.615. A special classification offered
by several motor manufacturers is usually identified as
the ""West Coast” pump motor Within the above
NEMA designation, two types of shaft extensions (M
and JP) are available.

Close-coupled pump motors are bailt 10 facilicie
mounting of the pump impeller on the integral motor
shaft extension and the pump's housing adaptor
directly on the motor’s C-flange

Ampo Type DE2 close-coupled pump mounted (o an integral
Barscpower motor.



While overall smndards for frames, C-flanges and shaft
extensions are identical for all mowor manufacturers,
the bearings used may vary somewhar by size. This will
have a direct effect on the rdial and axial load limits
of the motor bearings as well as on their life factor. In
addition, there are other limiting factors which have
i be considered relmive o speed, size, lubmicaton, in-
ternal shaft design, etc.

Service Factor

The service factor s a muluplier applied w the rared
horscpower which derermines the maximum
horsepower 2 motor can safely deliver. When a motor
operaes in the allowable overload range, the wmie will
probably have 2 greawer tempenrituce risc, 1 lower shalft
speed and a change in efficiency.

In string a purnp motor, the pump's performance dae
{curve) should be studied to assure adequate available
horsepower for the specified application. Good pump
design provides characreristics which will result ina
tangentizl relationship between the pump impeller’s
head-capacity curve and the brke homsepower re-
quirements as they apply w the pump’s performance
over a serics of impeller curves.

Efficiency

Basically, motor efficiency is relared 10 motor horse-
power with higher horsepower units achieving in
excess of 90% efficiency. In most cases, the efficiency
of a motor i approximately constant when opered
at one-half or more of its full load wrgue rating.

The energy not converted o mechanical power turms
into heat within the motor frame. The heat must be
removed from the unit by the cooling medium which,
in a standard motor, is the air surrounding the motor.
The motor's ability o dispose of the waste hear,
or losses, is directly related o the iemperature of the
surrounding air which is referred o as “ambient™
l:l:l.'!'lp-l:l!a.tul.‘l.'..

Direction Rotation

Gencral-purpose motors are wsually made wich sym-
metrical parts 1o allow rotation in either direction.
Three-phase motors can be reversed by interchangi

any mp-n of the three incomin pl::::?cr leads wo IE
stator winding. There is no sunﬁ.ml direction of rowa-
tion since the phase sequence of the incoming lines
cannat be predetermined. Motor-pump units should
be carefully sested for correct rotation relative o the
pump’s requirements before being placed in service.

Motor Problems

The biggest single cause of motor problems is due o
besaring failure — usually resulting from misalignment
or faulty lubrication. Motors should be lubricated
according to instructions supplied by the motor
meanfacourers, Be aware that too much lubrcation can
be as detrimental as woo linde In practice, over lubrica-
tion resules in more filures than under lubrication,

Close-coupled pumps can experience seal failure if ot
properly mainoined. Incerain case, it may be less ox-
pensive to replace smaller motors than o repair them.

Where severe moisture exists, space heaters can be
emploved on integral homsepower moatons 1 keep the
irernal air of the motor, when in the idle mode, above
ambient wemperature. This prevents moist air from
being drawn into the motor as the unit cools down in
response to ambient temperamire changes.

Motors should be inspected at regular intervals. Time
and extent will depend of the degree of operation,
type of service and the environment. Above all, keep
the motor clean and ventilating openings clear.

Summary

In any new pumping application, the key 1o electric
moaor reliability is to carefully define the applicarion
requiremnents and then, based on those findings, select
the appropriate motor tvpe and size, enclosure, insula-
tion system and bearings.

Extreme care must also be exercised in ordering
replicement MOLors (0 assure that complete inter-
changeability exists. This includes meeting all of the
specifications of the original unit including special
muaterials of construction as well as other electrical and
phyvsical modifications.
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by John H. Horwath,

Chief Engineer, Ampeo Pumps
Variable Speed Drives - Introduction
Licuid processing indusinics ane becoming increasingly
aware of the need o consider and implement all
energy saving efforts, especially during periods of
rising energy costs.

In pumping systems, energy losses can result from
valve throtthing and orificing 1o balance systems having
oversized pumps, and in attempiing to utilize a single
unit to meet the demands of several system require-
menis, It has been conservatvely esumaned that over
20% of the energy consumed by pump-motor wnits
is dissipared in controlling flow rate alone,

The accomparnying chart shows the power wasted in
a typical throttling operation. Remember that the
wasted energy, apart from consuming utilicy dollars,
is causing needless wear and tear on the system and
pump components in terms of erosion and heat
buildup.
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Reduction of this wasted energy can be realized
through examination of existing systems and more
predise determination of head requirements for pro-
posed applications. Two options are available tw
maxlify the original condition hydraulic requirements:
(1) change impeller diameter and (2) change pump
speed. Either of these methods can be effective since
a centrifugal pump, being a velocity machine, is
primurily dependent on the tp velociry of the romtng
unp-ﬂ]trv.lmﬂ-n will usually be the main vector of the
resulant velocioy,

Basic Information About Centrifugal Pumps

Ampco Pumps Co., Inc.
{414) 643-1852 Telephone
{414) 643-4452 Facsimile

Adjusmble Speed Drrives

Where versatility is required 1o meet sevenil hydraulic
conditions, it may be well to consider some type of
variable speed armngement. Process control loops
are increasingly being governed by adjustable speed
drives. Initially available only a5 2 manual adjusoment,
the process has developed units that can react auto-
matically to a variety of sensing devices capable of
changing speed in response to signals received from
such variables as flow temperature, pressune and liguid
level.

Today, various types of adjustable-speed drives are
employed in centrifugal pump process applications.
The most common are: (1) mechanical, (2) eletro-
mechanical, {3) solid-swte d.c and (4) solid-ste a.c
Each of these is described in some detail below.

Mechanical

Mechanical variable-speed drives are the least expen-
sive and oldest devices for varying the speed berween
a driving shaft and a driven shaft. Some of these drives
will increase the speed of the output shaft at the
expense of reduced omue.

Belt drives were, at one time, quite popular with effi-
dency reaching as high as 95%. Typically, adjustments
were made manually. Belts also provided good over-
load protection since slippage would usually occur in
these situations,

Among the negative aspects, heat buildup has always
been a problem. Even wh:nnp:mu-unuimrhm rated
speed and homsepower conditions, heat is a major
factor contributing to belt deterioration. Heat and belt
wear tend o produce variations of 5-10% in drive
ratios, therefore speed control accuracy is quite low for
this method.

Other types of mechanical variable-speed drives in-
clude: geared transmissions (five-speed ratios), vari-
able-pitch chain drives (which infinite variable
speeds), traction drives and fluid drives. One overall
complaint is that response is felatvely show:

Electro-Mechanical

Another method of varying motor speed is the genera-
ton of torque by means of currrent dievices. This
type of drive has been available for more than 60 veirs
and is suill quite popular woday. Basically, this is an
electric clurch (slip device) used to vary the degree of
slip berween a drive and driven element. The cost of



these units is reluively high compared o mechanical
drives.

The eddy-current drive converts ac line power direct-
ly 1o rotational power through the use of standard
squirrel-cage induction mators. The full-load speeds
of these motors ovpically run 2-4% less than the
motors’ synchronous speed.

To develop a variable-speed unit from 2 motor with a
practically constant speed, an eddy-current cluich is
added to the transmission. A tachometer generaor,
mounted integrally with the clutch output shaft,
provides a signal proportional o the output speed.
By comparing this signal to a setable reference signal,
the level of exdmtion o the clutch coil can be adjusted.
This allows the actual speed 1o be realigned 1o the set
speed when the load is varied.

The efficiency of the eddy-current clutch is linearly

rtional o slip, Speed ratio is usually limited to
less than 2 10 1. The one distingt advantage of this
style of drive is that the locarion of the clutch control
is more accessible than that found on the more
cumbersome mechanical drives,

Solid-State — D.C.

Speed lation of d.c. motors back o the e
ﬁfpc:ln: -:'l:mﬂ.n?. However, in the Em decades, solid
state controls have become quite popular. The fact that
speed can be controlled precisely over the motor's
entire range makes this method amractive

Electronic contrals for do motors are quitc simple
The initial invesument for this package is usually the
most expensive. [n operation, it becomes more cost
effective - consuming only enough energy o satisfy
immediate requirernents. By comparison, in the casc
of slip-coupling drives, the excessive energy gencraied
by the prime mover at its maximum speed load is
wasted energy.

Negative of these drives include: the limited
modifiable available with d.c motor lines, the
extremely expensive cost of enclosures other than
open, and the problems inherent in the brush/com-
mutaror area relative o wear and cormosion.

Solid State — AC.

This method consists of an a.c motor and a vanable
frequency control capable of varying the rotarional
spcqtd :Hh:nmm_r shnfthyaﬂjusﬁn‘-;fine power. The
solid smte - a.c system has always been considered
the most attractive variable speed drive except for
the control itself, Within the last decade, several
developments in the electronics field have reduced
control complexites while, ar the same time,
significandy reducing price. As a result, this system is
now less expensive than solid state - d ¢ motor alter-
natives. Expectations are thart further wchnological
elecrronic advances within this decade will continue
o drop prices. As this occurs, increased production
will resule in sull further price reductions.

AC. Motor Prefercnce

The preference woward the ac motor rather than its
d.c. counterpart is due o its basic simplicity, Further-
miore, it is lighter, smaller, more durable and relatively
inexpensive, making it most intersstng as rescarch
continues 1o search for the ideal low-cost “black box.”
Components of the “'black box™ y include a
POWer converior, power invertor, control regulator and
a potentiometer, The power convertor changes ac o
dc The power inverior changes de to varable-
volmge/variable-frequency a.c power. The regulator
controls the actions and response of the comvertor and
invertor. The potentiometer and on/off switch tell the
regulator what speed is required.

Selection Procedure

The procedure for sclecting the correct drive for a
specific application can become quite complicated.
Intangibles such as ruggedness, control flexibility,
expected life and adequate environmental protection
must be considered along with defined engineering
eters such as requined maximum homsepower,
torque and hyvdmulic requirements and efficiency.

As a first step, review your hredraulic requirements with
the pump manuficourer 5o thar a specific pump selec-
tion can be made. Arcas 1o be considered ar this time
should include: maximum pump BHP-speed, maoxi-
mum tonjue-specd and desired speed ratio. A deter-
mination of the maximum radial and thrust loads
which would be developed must be compared to that
allowable with the pump mounting or (in a close-
coupled pump) the motor shaft and bearing
I.I'ITIIIEEJ.'I'I-I!I.'I[.

Once all the pump parameters have been esablished,
preliminary inquiries can be made of the potential
drive and control equipment suppliers to determine
what, if any, limitations may exist to meeting intend-
ed requirements.

Remember, too, that the hyvdriulic characteristics at
various speeds may deviate from that calculated using
the affinity Laws. This is particularly true when a
change in speed range greater than 10% is being con-
sidered. Another notble example is the pump's NPSH
requirements.

While the drive speed can be increased beyond the
pump's stued range, do not proceed in that direction
unless the pump manufacturer advises that the pump
can also exceed the stated limirs,

With both base-mounted and close-coupled units, be
aware that a 10% increase in speed above thar designed
for the can result in increases in head, woque,
racdial and axial loads in excess of 20%.

The speed of an a.c. motor i proportional 1o the sigral
frequency supplied by the drive control. Centrifugal
pumps fall into the variable torque category - torgque
increases as the square of the speed.



Summary

Mot only have variable speed pumps become genuine-
ly automated control elements in process regulating
systems, they have also eliminated other less effecuve
clements,

Controlled pump systems (C.PS.) reduce wear on
pump components as well a5 within the system itself.
In addition, the infinitely variable frequency regulation
provided by C.PS. offers significant savings in electrical
energy consumpdon. The current consumpion is
cffectively marched o shaft outpur of the pump in
relation o flow rate and hexd requincment.

It appears that the versatile a.c motor equipped with
a reliable, less complex control will likely become the
mst popular method of variagions in small pro-
cess cenerifugal pumps (under 100 HP).

As usage increases in all application areas utilizng this
technology. the cost of these rype units will continue
1o drop, making them all the more attractive. Ever-
widening speed limitations, including potential opera-
rion bevond the standard 3500-rpm eleciric motor,
could, in some instinees, creare further derand. This
applies, in particular, to the prospect of smaller pumps
operating beyvond the so-called standand 3500-rpm line
which has been generally adhered w over the last
50-plus years,

Improvements in bearings, shaft sealing materials and
manufacturing processes will provide the mechanical
necessities for utilizing higher-speed drives. This will
result in a smaller, more economical pump providing
the same basic hydraulic characteristics of the larger
3500-rpm units in common wsé today. Obviously,
other factors, primarily the NPSH requirement, will
lirmic the degree of reduction that can be made.

Pump systems which are frequency-controlled may be
shown to be both energy saving and complimentary
to desired product qualicy.

Advanuges gained by urilizing a full variable-speed
range include: (1) broader hydrmulic range, (2) less
wasted enecrgy, (3) greater application versatility, (4)
extended pump life and (5) greater use of existing
purmps.

Do NOT extend a pump's speed range beyond the
maximum limit indicated on the pump'’s nameplate
without obtaining specific approval from the pump
manuficturer’s applicaion eng . A number of fac-
tors must be determined: (1) the loads and working
pressures that would be incurred ar the higher speeds,
(2} the capability of the pumgp 2nd motor com

1o withstand these new conditions, and (3) the wrgue
and horsepower i at the higher speeds. In
the case of close-coupled pump motors, the motor
mﬂﬂ:ﬂﬁﬁmhﬁ should advise whether the motor bear-
ings and shaft are appropriate for the anticipated radial
and thrust bearing loads, shaft deflection at the im-
peller vertical centerline and the unit's critical speed.
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Chief Engineer, Amfico Purmfs
Viscosity - Introduction
The viscosity of a liquid is that charcteristic which
tends 1o resist an internal shearing force. As motion
(fow) of a fuid is produced by shearing forces,
viscosity is associated with fuid motion.

There are innumerable ways 1o measure viscosity.
This anticle will confine itself wo the three most com-
monly used mesurements which are (1) dynamic
viscosity, (2) kinematic viscosity and (3) Seconds
Saybolt Universal {5517).

The unit of dynamic viscosity in metric measurement
i5 the dyne-second per square centimeter, referred 1o
asthe poise. Numerical values are commonly express-
ed in centipoises (LM centipoises equals 1 poise).

Kinematic viscosity may be obtained by dividing the
dynamic viscosity by the mass density (specific weight
divided by the acceleration of gravity). The unit of
kinematic viscosity in metric measure is the square
centimeter per second, referred 1o as the stoke. Here,
o0, the mone commaon terminology iscentistokes (100
centistokes equals 1 stoke),

Seconds Saybolt Universal relates o the viscosity
measurement in terms of time (in seconds) required
for 60 cubic centimeters of the liquid to Mlow vertical-
Iy through a special capillary tube.

The viscositics of most liquids vary appreciably with
changes in temperature. The influence of change in
pressure usually is negligible. The viscosities of fluids
unaffected by the magnitude and kind of motion o
which they may be subjected, as long as the emp-
erature remains consgant, are said w be Newtonian.

Effect on Pump Performance

Centrifugal pumps are quite sensitive 1o, and will
usually cause, reductions in capacity and head as the
viscosity of the Liquid increases. Centrifugal pump
performance is almost invariably specified by the
manufactiurer on thebasis of handling clear, cold water
with aviscasity inthearesgof 32 55U, In most instances,
viscosities under 100551 will not bave a chamacreristic
noticeably different from that of cold waterwhich, by
the way, is almostuniversally used asthe Auid medium
for factory testing.

Effect on System

System friction losses for viscous liguids increase
drastically as the viscosity of the Aluid mediaincreases,
Two sources for viscouas friction loss data are: Hydraulic

Basic Information About Centrifugal Pumps

Ampco Pumps Co., Inc.
(414)643-1852 Telephone
(414) 643-4452 Facsimile

Institute  Engineering Daa Book and Cameron
Hydraulic Drita.

Ifthe liquidbeing handled has an unknown viscosity,
itmay bebestto refer o oneof several wext or reference
baok sources such as: Chemical Engineering Hand-
book-Perry or Handbock of Chemistry-Lange's.

You will find that viscosity measurements are taken
by various means and that conversion o the more
common methods described here is often necessary.
The Hydraulic Institute Engineering Data Book (First
Edition) lists some 20 types of measurement con-
versions 1o the basic 5517 units.

Since a liquid’s viscosity is related 1o emperature, it
is necessary o include this facror as well in deter-
mining the real viscosity of the liguid at pumping
temperature when incompléete data is given. In
addition to the reference sources memtioned earlier,
an article in Chemical Engineering (July 16, 1979 titled
“ViscosityTemperature Correlation for Liquids™ isan
excellent source of information since it covers 326
substances in the liquid state.

Indeveloping expected system 2nd pump performance
charicteristics, keep in mind that 2 rise in temperature
will decrease the system requirement and increase the
pump's performance chamcteristic—a beneficial
improvement both ways,

Determination of Pump's Viscosity
Characteristics

The capability of a centrifugal pump to handle viscous
fluids may, depending on capacity and head require-
ment, be as high as 15,000 $5U (3300 centistokes).
However, for general-purpose centrifugal pumps,
which are in the majority, 4,000 55U (880 centistukes)
viscosity is a pracrical limit.

Be aware that the factors being presented here for
performance correction are based on empirical data
that may well deviate from the actual performance of
a specific unit. Until substantial similarity has been
experienced between the calculated empirical and
onsite test resulis on wnit combinations of similar
design and size, 3 conservative approach should be
taken in specing out the pump requircment.

The empirical-based datain chars 1 and 2 is applicable

for centrifugal pumps of conventional hydraulic design
in their normal operating range, with either open or



closed impellers. Do not use this data for mixed-Now
oraxial-flow pumps or for pumps of special hydoaulic
design for either viscous or non-uniform liquids, Use
only where adequarte NP5H is available in order to
avoid cavitation 2nd only when handling Newtonian
{uniform) liquids. Gels, slurries, paper stock and
other non-uniform liquids may produce widely
varying results, depending on the particular
characteristics of the liguid being pumped.

Given the complete performance characteristics of
a pump handling water, the expecied performance
when handling any liquid with a !p:':cil'i: Viscosity
can be determined.

Forexample, in Chart 1, based on a BEP (Best Efficiency
Point under 100 gpm) of 52 gpm and head of 50 feer,
follow the lower vertical line established ar 52 gpm
upward to the 50 Head in Feet diagonal line. At the
intersecting point, move horizoneally 10 the indicated
viscosity (200 55U) and then vertically to the wop of
the chart, where intersections with Cy, Cq and Cyy
will indicare the correction factors that are z2ppli-
cable to the head, capacity and effliciency in
establishing the unit’s BEP at 200 55U viscosity.
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g .
E
]
&
2 "t
T =F
] 3 | | :
|- | ! [ [
.In_' T R L .il.‘l-;" ] 'leLi |
4 [ I ] o~
i \ [ 1 B
| y ! ’
] 1 7
'| 1 1 L3
L LR .
'l.;".'l"l.F'L"L-Jr“ e r
i i X!
# %
g: | | ] %
1-: I J{\-‘
£ ' TEATTN
- . ATV AN ATV
e ) WO iy iYL B
Eﬂ-"*_'..f.,“:-""'..-r-“" o 0% % wWhlh 'Ji AN [V
A AL R R AN
v’ [ T T LT Y N R
N v 18 1 B

A PRETT YL LIRS, MER RURUTE (sl e

CHE POINT DETERMINATION
PERFORMANCE CORRECTION CHART FOR ¥ISCOUS LIGUIDS

The following equations are used for the viscous
performance determination at the best efficiency

point:

CAPACITY .ot Quis = Cox Cy

Hﬂd ......................................... Hvis = C“I Hl:_l

EffiCiency..ccoooiiiiiciice e vrnrna Myis = Cn X My
bhipyis = Qyis X Hyjs x specific gravity

3060 X 1y

To develop a portion of the expected characteristic,
draw a curve similar in shape to the curve for water
pecformance and with the same head atshut-off, The
corrected efficiency point represents the peak of the
viscosity efficiency curve whichis similar in shape to
that for water, Corrected brake hOrsepowWer CUrves
are normally quite parallel wo that of water.

For units with a BEP capacity greater than 100 gpm,
use Chart 2. The method of establishing correction
factors &5 essentially the same except that, relative 1o
head correction, there are four capacity points (G0%,
80% . 100% and 120% )relaed wothe BEP of the warer
characteristics.
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In this example, the pump water BEP is 750 gprnat 100
feet. Starting at a capacity of 750 gpm at the bottom
of the char, proceed vertically to the 100 foot head
rating. At this point, move horizonlly to the 1,000
S50 viscosity line. Again move vertically wo the top of
the chart. Here, intersections with Cy, Cp and Cpy
will indicate the correction factors applicable o the
head capacity, and efficiency in establishing the
writ’s 1,000 535U viscosity performance at four points.
Each point will normally have a different head (C)
correction factor while the same factor will be used
o correct capacity and efficiency 3t each point,

The following equations are used for the viscous

performance determination:

Capacity......... Qv:i:.,m% = LoX Qw&,u%
Quisgoes = Co* Ywgge
is1g0% = X Qwigox
Quisyzge = “o* w205

Head. ... ... HFB'&D'}E L] EHME x meg':
Hyisgga, = Crggep * Hwggeg
Hvis]m% = Cy 100% X HWlUU%
Hyisjagee = “Hyz0m * Hwge

Efficiency....... Myisgom = ©n X Mugge:

n‘#‘isgg% =Cpx Mwgne
Tvisynges ™ ©n X Twynge,
Tvisiage, = On ¥ Mwiage
bhpyis = Qyis X Hyjg X Specific Gravity
3960 x fyje

Using the above brake horsepower formula, the
viscosity BHP at each of the four performance points
canbe determined. Drawasmooth curve through these
points. It should be similar to, but steeper than, the
head-capacity performance curve and somewhat more
parallel > the BIP-capacity curve. lis relation 1o the
water BIP is also affected by uts specific gravity.

Summary

Beaware that this subject is far from an exact science.
The final measurernent will always evolve from the
pump’s hydraulic flow pattern and the inherent
characteristics of the liquid being pumped. There have
been cases where even the general shape and direction
of the developed curve have changed percepribly from
the anticipated characteristics.

It mighet also be helpful to review the material in
article 6 of the Pump Primer series relative wo practical
viscosity limits of general-purpose centrifugal pumps.

Often, your own experience in handling a viscous
material with a certain hydraulic design could provide
your primary reference.

A most imporant point to remember is thart a rise in
liguid temperatuce will nocrmally reduce its viscosity.
If higher processi ng temperatures are permitted and
an economical heat source is readily available, you may
ingrease the pump's hydrawlic performance while
urilizing less horsepower In addition, the system
requirements will also be reduced accondingly, thereby
providing an even more favorable sitwation.
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System Piping Design - Introduction
There are two sets of inter-related conditions which
need w be satishied in establishing piping design in
a system: (1) those imposed by the hydrawlic oper-
ating conditions w deermine the basic pipe size,
materizl and wall thickness, and {2} those developed
in laying out the physical piping svstem where ther-
mal expansion, method of support and all other
encountered loads must be accounted for in the
structural design.

The first step is to establish applicable design param-
eters and code requirements such as:
= Ligquid Charicteristics

= Pressure

= Temperature

* Pipe Material Specifications

= Corrosion and Erosion Allowances
= External Loading

k= Code Requirements

= Purpose of Flow

= Oher

Inthe zbsence of codes, itis recommended that ANSI
B 31.1.0 "Power Piping"' be used 25 a reference., All
assumptions made in establishing design criteria
should also be 5o noted.

Hydraulic Pipe Sizing

Economical pipe sizes (primarily based on accep-
table pressure drop) freguently cannot be used
because of various constraints which must be placed
on line sizes, Constraints commonly encountered
include:

Erosion Limitation - High velocities can shorten
the life of metallic pipe. The presence of abrasive
solids can also be detrimental. In addition, large
numbers of pipe fictings, with resultant high levels
of urbulence, can produce erosive conditions,
Obviously, lower velocities would be beneficial in
this situation.

Process Control - To achicve good flow control in
a pipeling, the control valve should absorb at least
30% of thetotal frictional pressure drop in the system.

Two-Phase Flow - Essentially, every chemical pro-
cess involves some two-phase flow problems which,
conceivably, could be of some significance, particu-
larly in the suction side of a pump operation. The
complexitiesin this area can be immense. Relerences
of patterns predicted by any general flow-patiern
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map may never be wholly successful. Forces that
control one pattern (flow of large bubbles is depen-
dent on gravitational forces and independent of
surface forces) may be unimportant in other instances
{flow of small vapor bubbles which depend basically
on surface forces).

Flow Distribution - With the present day emphasis
on large, low-pressure-drop unit processes and the
ever increasing use of pamllel equipment, it is es-
sential that the design engineer become familiar
with fluid distribution technology. He should be
sure that his piping design will not cause an un-
desirable preferential flow o a particular piece of
equipment.

Application - The application iselfl will often
determine the necessary liquid velocity through
the system with limitations relative to maximum
and/or minimum velocities. Velocity restraints may
be employed to maintain particle suspension, pro-
vide effective pipe cleaning action, move viscous
materizls, ec.,

Line Velocities - After establishing basic parameters
on all of the above, the desired velocity conditions
can be formulated as a prelude o actual pipe sizing.
In order to minimize the logs of head due o friction,
the pipe size of suction and discharge lines should
be at least a size larger than the pump's connections.
Also, pipes should be armnged with 2 minimum
number of bends with the longest possible radii.

Suction line liquid velocities in the area of 2 o 8 feet
per second are commaon for low NPSH applications.
A pood general-purpose ctnl::j.l'ugaj pump opecrating
at its best efficiency point will usually produce
velocities of 9 to 10 feer per second, with some
units running as high as 18 feet per second. Towl
suction line losses should not exceed 1 to 3 feet of
liquid head.

Discharge line velocities will uswally run somewhat
higher, typically in the range of 10 to 25 fect per
second.,

Sizing

Good sizing methods are of economic importance
since the cost of process piping typically ranges from
10 wo 20% of the woal plant cost. It is necessary to
reach an economic balance between line sizes, pipe
configurations, power requirements and capital costs.



While modern technology has replaced many sizing
rules-of-thumb in recent decades, wday’s designer
must still employ several guesstimated sizing ech-
niques, Friction factors for aging piping, erosive
wear patterns and corrosion effects are included in
this caregory. However, even here closer approxi-
marions are being developed as on-going studies of
extensive empirical data along with theoretical
advances provide refined technigues.

In addivon, losses through processing equipment
must be provided by the manufacturer. Otherwise,
it may be necessary o run Lests o establish the
pressure drop through these units, preferably attheir
design flow rate. Obviously, considerable time can
be wasted developing a faiely accurate piping loss
only w0 have to make a wild guess as 1o the drop
through the process equipment itself. Since this
drop can be substantial, accurate data is necessary 1o
determine an adequate pump selection.

Pressure Drop (Friction Losses)

Two excellent sources for pipe friction loss data are
“Cameron Hydraulic Tables” and the Hydraulic
Institute’s "Engineering Data Book,” These sources
cover metallic pipe and twbe, Octher means of con-
veying liquids such as hose, plastic piping, lined
piping, etc. will require loss data from the specific
manufacturers. Appropriate reference material should
be developed and maintained as an aid in estimating
SYSLCM requirements,

Use caution in intermixing the two data sources
described above as one is based on "'old™ piping, the
other on “new’”. As piping usually deteriorates with
age, the “old™’ piping data has a built-in safety facior.
The “new” piping data does not and leaves the
safery factor w individual diseretion. Qur suggestion
is to add a 10 w 15% safery factor unless prior
experience dictates otherwise,

Several software programs have been developed for
personal computers 1o determine pressure drop. Itis
esacntial thar all constraints applicable to the service
in question are positively addressed in the program.

Become Familiar with the mechanics of your pipe
sizing marerial. Be aware of the friction losses in-
currred insteel pipe, castiron pipe, copper and brass
tubing, stainless sieel tubing, various types of hoses
and boots, and the plastics. Since each material
employs its own nominal vs. actual inside diameter
schedule, the friction factor can differ significantly.

Friction losses through pipe fittings are also available
in the source material mentioned earlier. A simple
method of accounting for the resistance of valves
and fittings is w0 add o the pipe line an additional
length equal to the pressure drop resulting from the
valves and fittings in the line. Figure 1 provides an
easy method for estimating equivalent lime 10sses.
Diespite the limitations of this method, its simplicity
often makes its use desirable. Since piping system
design involves many variables which cannot be

accurately evaluated, it is meaningless to strive for a
high degree of accumcy in 2ny one phase of the
calculation.

Figure 1

Resistance of Valves and Fittings
to Flow of Fluids
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When developing new systems similar to existing
ones where test data may be available, check cal-
culated line losses apainst actual data. The same
exercise can be followed after completion of a first-
tme system. After developing a history of actual
data vs, calculated resules, wayward assumprions
which were made in the original calculations can
be isolated and corrected. Calculations can then be
made more accurately in the initial development

stages of future piping systems.

Structural Design

Fipe Configuration - The basic rule is chat any
departure from a straight-line connection between
two fixed terminals is an improvement. Flexibility
in a pipe system is obtined by allowing a certain
freedom of motion. It is imporant to arrange sup-
ports and other potential restraints o that this
frecdom is not inhibited.



Flexibility may be provided by changes of direction
in the piping theough the use of bends, loops or off-
sets, or by making provisions 1w absorb thermal
movernient by using expansion joints through those
directions and magnitudes allowed by the joim
design,

Figure2
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Bending siresses due @0 thermal expansion are not
significantly affecied by increasing pipe wall thick-
ness, Rather, increasing wall thickness has an even
more undesicable effect in that the reacting forces
and movements are increased in a direct ratio.

Fipe configuration and size are also dependent on
equipment requirements such as control valves and
measuring devices, A thorough review should be
made in the initial stages to assure that the developed
piping adequately meets all process requirements.

A piping system may be cold springed or prestressed
to reduce anchor forces and movements caused by
thermal expansion. Thisisaccomplished by shorten-
ing gverall pipe length by any desired amount not
in excess of the calculated expansion differential,

Analysis Requirement

Analysis will not be required iff any one of the fol-
lowing conditions is satisfied: (1) duplication of a
successful installation, (2) judged adquate by com-
parizon with previously anzlvzed sysiem, (3) piping
system is uniform size with no more than wo
hangers, no intermediate restraints, non-cyclic
service and satisfies:

oy <
(L-U) )

where

D = nominal pipe size {inches)

Y = sum of movements 1o be absorbed by pipe
lines (inches)

L = developed length of line axis (feet)

U = anchor distance - length of straight line joining
anchogs (feer)

0.03

Analysis

Several piping analysis software programs are avail-
able for IBM and comparible PC's, However, in the
absence of a suitable program, the time required
o stress analyze piping configurations can still be
substantially reduced through the wse of isometrics.
The pipe system shall be treated as a whole and the
significance of all parts of the line, including re-
straints, shall be recognized.

In order o simplify the caleulation af stresses and
anchor forces for various configurations encountered
in piping work, mbles of common shapes can be
found on pages 15 to 30 of “Piping Design and
Engineering,” published by Grinnell Company, Inc,

A second series of @bles on expansion bends and
examples of their use are provided on pages 32 1043
of the same publication,

When the configuration of a piping system is such
that these mbles will mot apply, it may be necessary
i0 use the basic equations of analyrical methods
found on pages 44 w 65 of Grinnell's publication.

For the analysis of special cases such as branch con-
nections, variable or cosrugated sections, hinged and
moving anchors, etc., reference can be made to the
bibliography of the publication for assistance,

The allowable stress mnge for expansion stresses
shall not exceed the allowable stress range (SA) given
in the following formula:

SA = £(1.25 S¢ + 0.25 S,)

Sec Scction 102.3.2 (page 10) of “Power Piping™ -
ANSL 31.1.0 and Appendix A, Tables A-1 and A-2
for allowable stress values at the coldest (S;) and
hottest (Sy) temperatures o which the systemn will
be exposed.

The stress due to thermal expansion which must not
exceed the allowable expansion stress range is called
“expansion stress” and is defined by the Piping

Code as:
SE u\f{sﬂji + 4(STP

where 5 is the bending stress due to thermal ex-
pansion and S is the wrsional stress resulting from
thermal expansion (this condition only occurs in
multiple plane systems).

The Piping Code further states that the sum of the
longitudinal stresses resulting from pressure, weight
and other external loadings shall not exceed 5y,

Pipe Support

No firm rules or limits exist here. Support locations
arc dependent on pipe size, pipe configuration, the
location of heavy valves and fittings, and the struc-
ture that is utilized for the support of the piping.
Load effects due to service pressure, wind, seismic,
etc. must also be taken into account.



The designer must exercise his own judgment in
each case. The suggested maximum spans bétween
hangers listed in the table below reflect the practical
considerations involved in determining support
spacing on straight rens of standard wall pipe.

Suggested Pipe Support Spacing

Suggested Maximum

Nominal Pipe Span in Feet
Size Inches Water Service
1 7
2 10
3 12
4 14
(e 17
3 19
12 25
16 27
20 30
24 3z
Mot 1. Suggodicd maximum spacing botweon pipc supports for

hegriecmaal straight murs of sexnadard amd heavier pipe at
maximum eperating iemperatune of 750* F

Moac 2. Doy nat apply where spancalcalationd are made or where
there are concondraied loads betweon supparts such as
Manges, valves, spocialtics, oo

Moic . Thoypacingis based onamaximum combinod berding and

shaerstress of 1500 pad and insalaced pipe filled with water
and the pitch of thie ling is such that 2 sag of 0.1 in, between
suppOTes is permissible.

Typical Piping Arrangement

Shown below is a typical centrifugal pump arrange-
ment. Note that the pipe to the pump suction and
discharge nozzles should be supporied near the
pump sothat, when the pipe is tightened, nostrin will
be imposed on the the pump casing, For the same
reason, provisions should be made for pipe expan-
sion and contraction on services handling hot or cold
liquids. Proper support of the pump piping and

allowance forexpansion and contraction to climinate
casing stresses are of major importance since the
centrifugal pumps designed today are small com-
pared to the pipe sizes required w handle the
pump's capacity.

Figure 3
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Froper piping design incorporates many facets - all
of which must be satisficd if proper performance is
to be attined. Both hydraulic and structueal require-
ments must be met if the system is o provide
adequate service,

Remember that the friction loss in 2 pipe line is a
square function of velocity. Doubling the flow rate
quadruples the developed friction loss,

Af in other topics covered in this series of Pump
Primers, we bave only provided a brief discussion
of System Piping Design. You are encouraged (o
wse the references mentioned to oblain a more
thorough understanding of this subject.



MHumber 16 in a Seres.
by fober B Morarath,
Chigl Enpineer, Ampeo Pumfs
Erosion - Introduction
While erosion has been acknowledged as a basic
factorin pump design and application, little hasbeen
written relative o specific erasive effects which
my occur when pumps are placed in actual service.
Dbviously, the infinite number of possibilities that
cocxist, coupled with the interactions of; flow
(velocity, type, eddies, etc.), pressure, emperature,
COrrOSiveNess, wear resistance, properties specific
to the media being pumped, and the actual point of
operation all further complicate and, at the same
time, narrow the application range of each service.

To begin with, erosion is defined a5 “'diminishing
or destroving by degree”” In the design and appli-
cation of centrifugal pumps (kinetic machines
converting mechanical encrgy into hydraulic energy
through centrifugal action) there are several areas
where erosion may occur, Pump surfaces of the
rotating impeller and the stationary housing com-
ponents are especially vulnerable o attack, Typical
examples are shown in Figures | and 2.

Figwre I; Siatienary Fowskng
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Figure 2: Rotating Impeller

Cur discussion in this paper is centered on better
undemstanding and effecrively fighting the occumance
of erosion relative to the pump and pumping system.

Basically, three forms of erodion occur in kinetic
hydraulic equipment: (1) wear erosion, (2} corrosion
erosion and (3 ) cavimmtion erosion.

Wear Erosion - This form of erosion refers to the loss
of material from internal hydrulic surface areas of
the pump. This action can usually be atributed to
soletions which are poor lubricants or which contain
abrasive matter - both contributing factors 1o ad-
hesive and abrasive wear,

Abrasion involves flow particles which create wear
debris, sometimes forming ahead of adhesive par-
ticles and referred o as “cuttings'”, Actually, in the
secondary stage, much of the adhesive material will
already have been plowed aside by the continuing
flow augmented by wear debris, resulting in aceeler-
ated fatigue breakage of the embedded material.

A helpfal first step in designing for wear resistance
is to select high efficiency hydraulic equipment and
utilize it in fts highest range of efficiency. Once in
operation, pericdic observation of internal hy-
draulic surfaces of both romting and stationary
components, possible wear debris and general be-
havior of operating equipment should be made.

Mext, the material requirement should be such that
it will withstand wear as well as corrosion. All oo
aften, cormosion will cause J_'rrtn'r.ill.ln:f;l_il_ur[ 11 wkak
wis ariginally a wear-resistant material,

Obviously, dramatic changes in the cross-sectional
areas and direction (sharp turns and restrictions) of
flow paths produce turbulence which, in turn,



causes wear erosion, This action can occur in both
the pump and the system. In essence, any time liquid
Mo 15 disrupied, an erosive condition 15 induced.
A relationship also exists between wvelocity and
erosion. Lowered velocities will reduce the erosion
rate. A complex system with a large number of fit-
tings may cause a high level of unwanted turbulence.

Eddies are dismrbances of stream-lines”” in fow
patterns. Since eddies incur additional losses, they
should be suppressed or eliminated thoough suitable
changes in the conduit,

Corrosion Erosion - This occurs because of the
refative movement between a corrosive fluid and 2
metallic surface As liguid wvelocity increases, the
corrosion rate will genenally increase as well. Me-
chanical effects add w the damage of the base meal.
This type of erosion can completely remove pro-
rective films or layers developed inthe initial chemical
reaction. The result is a constant on-going surface
ateack that may also change the physical propertics
of the exposed surfaces. This explains why hardness
itself is wsually not a good criterion for predicring
resistance o corrosion attick.

If the Liquid contuins insoluble solids, these parcticles
themselves can physically remove the protective
layer and initiate 3 consant corrosion attack on the
exposed surface in the initial strike. Erosion here is
acrually 1 combination of abrsive and corrosive
elements.

Figure % Cormoslon Eroslon

Cavitation Erosion - This was discussed briefly in
article 3 of the Pump Primer series relative to inade-
quate NPSH being available in the eve of the rotating
impeller. Recent investigations of further cavitation
erosion have advanced a theory covering previously
uncxplained erosion cases in higher pressure sectors
of the pump.

Referred o as recirculation, it is defined as a flow
reversal at either the inlet or discharge tips of impel-
ler vanes. Actually, there are two distinct internal
flow patterns that can occur: suction recirculation,
which is dependent on the pump inler design, and
discharge recirculation, which is dependent on the
design of the impeller outlees.

Suction recirculation attacks, while similar relative
o surface destruction, differ in the locations affected
by insufficicnt NPSH at the pump inlet. In positive
suction recirculation, the damage proceeds from
the pressure side of the inlet edpe of the vane through
the metal 1o the low-pressure side. However, with
inadecguare NPSH, the awack begins on the low-
pressure side of the blade and proceeds through the
metal to the high-pressure side.

Discharge recirculation is due to the formarion of
vapor bubbles at the point where localized fluid
pressures are reduced due to ouwtward and inwaed
flow in the same vane passage of the impeller Spe-
cifically, the film shearing action at the interface
between the inward and cutwared relative velocities
develops a high velocity vortex in which cavitation
occurs when the eye pressure is reduced 1o the vapor
pressure of the fluid. This results in noise, vibration
and cavitation damage 1o metal sucfaces in what was
previously thought to be stricely 2 high pressure arca
and thereby, immune © cavitation,

!: ::;:. .:_ .'.'._ = :|-'| +l_|_-l‘- o ‘ PR

Flgare 4; Cavittion Erosion
Now that we are somewhat familiar with the types of
erosion that can oocur within a pump, let's discuss
what can be done to alleviate, or ar least retard, this
tvpe of destruction. Because of the considerable
degree of interaction between the three defined

areas of erosion, many of the preventative measures
described below apply overall,

Employ Hi-Efficiency Pumps

Inefficient units, with their poor flow patterns, arc
conducive to considerable wear problems regardless
of the materials employed. Less costly open impellers
are susceptible 1o cavitation erosion in the clearance
between the rotating impeller blades and the station-
ary pump cover or casing, A typical cxample of this
is shown in Figure 5 on the following page. This
type of erosion is caused by a cavitating vortex (low
pressure) developed in the clearance. Note that the
closed impeller designed by Ampeo stood up €x-
ceedingly well by comparison since its pressure
gradient line is at the smaller diameter wear ring
surface where the intecface velocity is much lower,
In this instance, the life of the closed impeller was
12 umes that of the open design even though the
open impeller was made of a superior wear-resis-
rant material.



Use Sound Puomp Application Principles

This includes running the unit near its BEP (best
efficiency point). Limitations relative to NPSH avail-
ability must also be mer. While parimeters in these
areas are quite definitive, those in the anca of recircu-
larion will remain vague wntil more empirical data
is developed w provide sound practical limies. Enough
work has already been completed in this field o
enable pump designers to establish some approxi-
miare parametess for specific applicatons normally
developed by actual service,

Always keep in mind that the user of 2 peorly design-
ed or applicd pump pays two-fold for his error -
needlessly paying for massive amounts of wasted
energy which, as iv s dissipated into destructive
erosion within the pump and system, effectively
reduces the life expectancy of the unit,

Evaluate Materials of Construction

This must be accomplished in several aspects relative
to the intended service, Corrosion, cavitation and wear
must be included. Previous cxperience in similar
applications can be the user’s greatest aid in selecting
an adequate material. While hardness is not the only
criteria of resistnce toabrasive wear, it does provide
a guide in the selection of ductile materizls manging
fram cast iron through the bronzes to the 300 and
40M) series stainless steels, No definitive method of
wear cue relared wo abrasive particles has yet been
established.

Az it may not be practical to eliminate all cavitation
conditions, it is reasonable 1o conclude that materials
with a higher degree of resistiveness to cavitation be
considered. While there isn't otal unanimity as o
which materials are superior, both nickel-aluminum
bronze and the 300 stinless speels consistently rate
higher marks.

Ceramic coatings applied to known areas of high
crosion have been successful in some applications.
And, on larger units, welded layers of stainless steel
or aluminum bronze not only restore worn surfaces
but often provide longer service life than the original
base metal.

Success has been attained in some abrasive services
with lined (rubber) pumps. The resilicnt propertics
of rubber and other elastomers have been found to
offer 2 degree of protection. However, developed
heads are limited by the relatively low velocities
allowed. The narrow hydraulic range coupled with
temperature restrictions and somewhat crude
hydraulic design hamper overall acceptability
of these wnits.

Employing Latest Manufacturing Methods

These include the investment and evaporative foam
casung processes. Increases of wp o0 3% in pump
efficiencies can be realized by substituting onc of
these processes for the traditional sand cast method.
Benefits include smoother surfice finishes with
minimal flaws, resulting in fewer potential nucleation
sites. This reduces the risk of bubbles which might

otherwise form, grow and separate from the surface
in low-pressure arcas on the verge of cavitating.

Improved manufacturing methods have also, in many
instances, reduced the pump's NPSH requirements
because of improvements in the leading edges of the
impeller blades and the smooth direction transition
from horizontal o vertical flow in the inlet passage
profile of the pump.

Freventative Maintenance Procedures
A periodic inspection system, much of which can be
assigned to the operator, should be included in this
program. Reference may be made 1o article 9 in the
Pump Primer series covering maintenance.

Monitoring the operation of a system - frequently at
first and periodically thereafter - is necessary o
accurately gauge wear pattern development,

Repons summarizing operating hours supported by
photographs are helpful in documenting problems
as they develop. Awareness of personnel to changing
noises, vibmtions, shocks, erc. should always be
specifically noted.

Summary

As in 50 many areas, final appraisal of a pump's
performance is established by its “engincered appli-
cation'’. Severe erosion can be reduced if 2 pump
with a good hydraulic design is properly applied.
However, at best this remaing a “state of the art™
determination. Where problems are incurred, op-
tions always exist to modify, cornect or replace the
currentunit with another more applicable approach.
If you can't keep the system simple, try to keep the
liquid velocity as uniform as possible.

Erosion or wear can be reduced by selecting pumps
for low fluid velocities (particularly in close-prox-
imity regicns such as running clearances, etc.} and
by specifying castings of fine-grained manerials,

Maostimportant of all, in erosive service, use a capable,
efficient pump as effectively as possible. Anything
less will result in high costs for wasted energy and
accelerated destruction of equipment through ero-
sion (caused by recirculation, cavittion and eddies)
and heat,

Figere §

Caompare e open immpclicr alics § monihs, and the closed desigs alor
5 full yours, of pumping the same slerry 21 ideatical specd, capacity
amd head. Open impeller, badly wora en vass faces, had kot o much
capagity it bad ta be replaced,
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Mumber 17 in a series

by Fodm B Horwalh
Chief Engineer, Ampeo Pumps

Pump and System Curves 11

It meay be advisable to review the material on basic
system curves in Pump Primer No. 5 before mking
up the discussion of more complicated systems in
this article,

Introduction

When sizing a pump for a multiple-flow system, the
flow requirements for the pump will be the sum of
the simultaneous flows through each discharge out-
let of the system. A piping system common 1o each
of the lines will have its own frictional pressure drop
that contributes to the pressure drop in each branch
line.

In selecting a pump, the initial design approach is o
establish the required head at a design flow consistent
with the operating conditions of the **normal case™.
“Normal” is imerprered to be the point at which
the process is expected o operate most of the time.

Where rated flows may be required to allow some
degree of capacity variation under cerain circum-
stances, a check of the developed system character-
istics will indicare the head necessary 1o reach the
required rated flow and the capability of the pump
to provide the additional head required. The system
must be reviewed to determine if there is adequarte
pressure drop available in the sensitive range of the
control valve to effectively provide the additional
frictional pressure drop created at the rated flow.

Reduced flow requirements should alse be analyzed
as to their effect on the valves and pump. The valves
must be able to maineain effective control of the pro-
cess without chattering (high pressure drop). Analysis
of the pump should determine the extent of reduced
operational effects such as radial loading, flow recir-
culation and heat buildup.

The following discussion presents some examples of
more complex systems.

Example 1
Single prump operation of two lines in parallel with
different elevation levels,

Begin by developing the individual head-capacity
system curve for each line from point Ao Band A to
C. Then graph each segment relative to their staric
discharge head differential (AH). Next, determine

Basic Information About Centrifugal Pumps

Ampco Pumps Co,, Inc.
(414)643-1852 Telephona
{(414) 643-4452 Facsimile

e
A ]pr..c EL'—i
Ha He -
-_I::-_j —— -
ficyuere 1

curvé R which is the resistance of the common line
from entry into the suction line to discharge point A
where the flow to tanks B and C separates. Add in
parallel the lines to tanks B and € relative to their
levels of operation. Next, add in series the common
line (friction) losses thar allow system curves (Hyp
and HyC) to be developed in parallel plus Hy in
series, Theintersection of this system curve{figure 2)
with the superimposed pump characteristic will in-
dicate the projected point of operation.
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figure 2 GEM

Thistype of graph also indicates what canbe expected
to occur if specific conditions change.

Example 2
Tivo pipe lines in series with a side outlet {or part of
Slow diverted elsewbere).

AHue



In this example (figure 3)again begin by isolating the
individual segments and then develop a graphical
overview of the system.
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figure: 3

Frictional losses designated by the total flow (Q1), the
constant flow (Q3) and the secondary line () must
first be established and plotted individually, mking
into account static lifts as well. Where series piping
is utilized, the line losses in the system are additive
{as shownin figure 4) once the total Aow (1) exceeds

(Q22)-
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POINT OF
OFERATION

HEAD

4
:

Hgr
GPM
T o o
oy
figure 4
Example 3

I two pumps are taking water from different levels,
the hwo bead-capacily curves may be developed
(figure 5) from the fwo respective base lines in the
usral manner of paralie! pump fTow where, af the
sarme absolute bead, the flow capacities of the two
Jpumpsare additive in developing a combined [romp
performance curve,

POINTS OF

figure 5

This curve could be alvered significantly if one or
bath pumps — due o a reduced system static-head
requirement — resulting in greater flow, thereby in-
creasing the NPSH required by the pumping units 1o
the point where cavitation could occur in one or
both of the pumps.

Example 4
Closed system-bead crurve for pump and branch lines
(figure 6,

&
figure &

In developing the following procedure (figure 7),
based on each paralled branch line having a different
system characteristic due 1o the makewp of individual
process equipment, fittings, piping and open valving
in each segment, start by developing the three
individual characteristics plus the common line (D)
which encompasses the entire system, except for the
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figure 7

three parallel segments (A), (B) and (C). Next, calcu-
late individually the frictional losses of each of the
three parallel segments (with fully open valving) and
plotaccordingly. Finally, establish a curve consisting
of the wotal flow with each parallel segment being
wide open,



Example 5

Centrifugal pumping system with a conlinuous
recirculation line. The primary purpose of the recir-
culation process loop is to prevent overbeating the
Pump by miaintairing a sunimum safe flow. A
typical continuous recirculation line is shown in
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A graphicalanalysis (figure 9) can be made to illustrate
what develops when a by-pass orifice is introduced.

General

Just asa pump characteristic can provide much mean-
ingful information relative v its capability, operation
and design, so, to a good degree, will a partial system
curve, developed from a minimal amount of actual
dara, provide insight relative toa system's performance.

The most commaon question asked of 2 pump ap-
plication engineer is: “How much will the fMlow rate
through my system increase if [ gotoalarger impeller
diameter andior pump?™

To check this in an existing system, taking actwal data
utilizing properly calibeated test equipment (pressure
gauges and flow meter) positioned in accordance

with Hydraulic Institute Standards, a fairly accurte
forecast for astable condition can be expected within
approximarely 15% of the measured flow ange. The
exception to this statement occurs when the system
curve begins to sharply turn vertically upward, in
which case, regardless of the increase in available
pump head, hardly any additional Aow will result.

Another Bactor is that the system's KPSH available at
the desired flow must be met by orexceed that required
by the pump. Upon meeting these requirements, the
velocity head, entrance-exit and friction losses of a
uniform solution can be assumed to be proportional
ta the flow (GPM1)#. Knowing this, the Total Dynamic
Head for a geeater or lesser flow (GPM:2) can be
compuied:

TDHz = [{GPM:?{TDH15uucHnd}] + Smtic Head
(GPMi)2

Using this method to determine TDHz2, a partial
system curve (figure 10) can be calculated that will
allow us to superimpose other impeller diameters for
theexisting pump or even another pump size to deter-
mine an approximate point of operation. This would
then allow us 1o select a size, speed and impeller
diameter along with the motor horsepower capable
of handling the new flow requirement.
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In addition, remember that your system’s NPSH
available at the increased Aow will decrease and the
required pump NPSH will increase (pefer to article 3
of this series relative 1w the NPSH factor).

Note also how your system-pump characteristics
can control the degree of variation in your flow
and pressure.
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The above curve shows how the use of a flar pump
characteristic will maintain a relatively stable dis-
charge pressure over an extended flow range.

By the same woken, if you requine a relatively sable
Flow with a flat system curve, select 3 pump with a
sharp charzcieristic drop (figure 12),

HEAD
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figure 12

In this instance, 3 change inthe system charzcreristic
would have minimal effect on flow.

Summary

A graphical analysis provides a much more composite
picture of what is actually occuring hydraulically
withinasystem and what ramifications may resulr as
conditions change. Whether developed by a com-
puter program or drawn ont manually from calculator
results, this analysis will aid immeasurably in solving
specific problems. Note particularly that potential
undesirable trends can be forecast and dealt with
beforehand. Developed changes, dependent on their
origin, follow progressively varying exponential
factors over an extended range.

The graphical method will not only quickly provide
adequate accuracy for most pump sizing determina-
tions but will also provide an overview allowing for
an analytical determination of the driver’s require-
ments. The standard pump test tolemnces (per
Hydraulic Instituee Standards) are:
at rated head,
+ 10% of rated capacity, or
an rated capacity
+5% of rared head under 500 feet
+ 3% of rated head 500 feet and greater

Coupled with the continuing changes occuring in an
existing system and/or the varying daa taken from
reference sources along with the so-called safety
factors employed by the project engineer, one can
see why the graphical method is preferred. Taking
generil empirical data and caleulating to three
decimal places doesn't make the answer more ac-
curate than the graph, it only provides a falie sense
of security. Developing a series of “'what if”" curves
will allow one o head off potential problem areas
as well as provide background for making intelligent
decisions as changes occur in the system and pump
performance.
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Effects of Developed Hydraulic Loads in Centrifugal Pumps

Second only 1 shaflt scaling in centrifugal pump pro-
blem areas are the pump’s bearings and shafting, Poor
maintenance procedures, inadequate protection of the
bearings in hostile environments, misapplication and
poeor pump design are among the underlying causes of
bearing and shaft problems.

This article foouses on the latter two causes, Maintenance
procedures covering the other areas of concern were
reviewed in article 9.

Prior tothe 1950, little was known by the typical user
of volute-type centrifugal pumps relative 1o the shaft and
bearing loads developed hydrmulically within the pump
howsing. Knowledpeable pumgp designers generadly were
aware of the potential consequences and designied ac-
cordingly. For those who weren't, AJ. Stepanoff,
America'sforemost pump expert of that era, covered this
subject inhis book, **Centrifugal and Axial-Flow Pumps,”
first published in 1948 from a design and application
viewpoint along with 2 number of technical
released in this same period. Inthe mid-fifties, Donald
5. Ullock of Carbide and Carbon Chemical Company
presented a paper ttled 'Evaluating the Mechanical
Design of End Suction Centrifugal Pumps" published
in May, 1955 in Chemical Engineering Progress (vol. 51,
no. 5, pages 207-222), Later, an appendix he woon ex-
panding on this subject was also published. Ullock's
papers were written from the standpoint of those who
specify, purchase, operate and maintain centrifugal
pumps.

Prior 1o this time, there was 2 widespread wendency to
design pump shafts primarily on the basis of horsepower
transmitted although several pump designers did ineor-
porate critical speed requirements as well. A substantial
number of designers, however, overlooked or were
unaware of the potential hydraulic resultant forces that
could develop within the pump itself.

A rash of pump failures at thar time helped arouse con-
siderable skepticism as to the worthiness of 3500 RPM
operation, which was beginning to gain in popularity
afeer half 3 century of domunation by the relizble 1750
RPM drives. The call for higher processing pressures and
the advent of the economical 3500 BPM, squirrel-cage
A.C. motor precipitated this chamge.

The increase inmaotor speed allowed pump heads o be
developed that were four times greater than the same
impeller diameter was capable of at 1750 RPM. Suffice
it to say that this potential load factor increase was not
always addressed directly by all pump manufacturers.
Concerns over an increase in shaft and bearing failures
led some large users to conduct their own detailed
technical evaluations of 2 pump’s capability 1o handle
hydraulic loads which could develop within the unit (1)
at the intended point of operation, (2) a1 shut-off and
(3} at other capacities.

As a result of the developing problem areas, some pump
manufacturers indtially over-reacted by overdesigning,
thereby having to utilize oversized bearings which,
because of speed limitations, resulted in several
premature Bilures. Mechanical seal life, based on a
pressure-velocity factor, was also affected.

A well-designed pumyp is one which has the proper size
of shaft for the radial and axial loads exerted by the im-
peller at is rot@ring speed. This can be caleulated and
checked by measuring the loads involved and then
designing shaft and bearings accordingly for a specific

fow mnge,

Today's textbooks, standands and specifications aften
make reference to shaft and bearing requirements, par-
thcularly related o shafi deflection and stress along with
bearing life expectancy.

Radial Loads

While there are several methods of converting velocity
CNETgY 10 pressure energy, the most popular method,
primarily because of its economical design, iz the single
volute casing. Here, a good engineered product will result
in uniform pressure within the volute casing a the design
(best efficiency) point capacity. For pumps in applica-
tions normally operating at or near the best efficiency
poing cagacity, the radial thrust facior may x O
as indicated in figure 1 for a typical volute-style cen-
trifugal pump.
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The graph indicates that, on both sides of the best effi-
ciEncy point this equilibrium of volute poessure -2 highly
significant pressuce differential develops as the poine of
operation moves in either directon away from the
pump's design point,
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A sketch of a typical overhung, single-stage impeller shaft
and bearing assembly armangement representing the
rotating part of a centrifugal pump is shown in figure
2. The resultant radial force (W), when flow is less than
design capaciry, is along a dial line toward the center
in a2 radial direction 270 from the cut-water. At design
flow, the radial pressure is equal all around the impeller
periphery. As flow increases beyond the BEF, the resul-
tant of these forces is directed from the smaller volute
sections woward the larger, lower-pressure sections, The
weight of the impeller is indicated by Wj. The resulant
axial thrust force (W) for the impeller and its direction
is dependent on several specific hydraulic and design

factors. Both forces, evenin relatively small pump units
(25 HF, 3500 RPM, 7-inch impeller), can develop substan-
tial forces of several hundred pounds in each plane.

The immediate effect of a high eadial resultant force,
developed as a result of uneven pressure distribution in
the volute casing acting against the impeller’s radial pro-
file, is a deflection of the overhung shaft at the impeller
position. Since typical radial clearance between the im-
peller and wear ring of small pump units ranges from
005" w0 015", galling or rapid wear of the components
could easily occur as well as shaft breakage due to fatigue
failure in the rotating shalt.

For development of the K" facwor relative to aspecific
pump, refer o the Hydmulic Institute Standards (four-
teenth edition, pages 115 and 117) which also coversthe
method used to determine the radial thrust load based
on the pump’s design and performance characteristics,

The radial load in a volute pump i developed from the
formula: W= KHD, B, §
2.51

where the constant K depends on the pamp's capacity,
speed, casing, design, specific speed and other factors,
The shut-off value of K, referred 1o as Ky, is given in
the Hydraulic Institute Standards for typical pemps. The
value of K at the intended point of operation can be
developed using the following:
- AR
Kop = Kso [ 1 - () 7]
where Q = capacity @ operating conditions - GPM
Qp = capacity @ best efficiency point - GPM
X = exponent, varving between 0.7 and 3.3,
established by test. In the absence of test
data, the component may generally be
assurned to vary linearly between 0.7 &
specific speed 500 and 3.3 xt specific speed
3500, (Specific speed determination of a

centrifugal pump was provided in article
no. 2

Knowing K, we can proceed to determine the radial
thrst in pounds ar the point of operation by

2.31

where

Hyn = head at the intended point of operation in feet
Iy, = impeller ourside diameter in inches

B, = impeller width in its O.D. including shrouds

5 = specific gravity of the liquid being pumped.

The data provided here relative 1o establishing the K fac-
tors was developed fromeempinical das of numerous tests
on centrifugal pumps, Individual pump
manufacturers may have data on their specific designs
which demonstrate other values.



Axial Loads

Axial loads are developed a5 the result of the varying
pressures existing within the pump along with their
effect on the suction and back-side areas of the pump
impeller's exposed axial profile and shaft, The resulent
axial hydraulic thrust is a summation of unbalanced
forces on an impeller acting in the axial direction.

Seoveral frctors affect the magnitude of the axial thrust
developed in a single-stage, overhung impeller pump.
Proper sizing of the thrust bearing is dependent on fac-
tual knowledge of the thrust-bearing loads being
developed. Relative to the impeller itself, against which
the unequal internal pressures will act in developing a
resulexnt axial thrust force, this includes: (1pamp design
{open, semi-open or enclosed impeller), (2) the im-
peller’s major dizmetral arcas in the axial plane related
to developed pressures, (3) back-side shroud ribs, (4)
balance holes (size and number), (5) wear ring radial
clearance and (6) shaft sleeve diameter Based on the
pump's working pressures from suction entry to volute
discharge, the resulant magnitude and direction may
be determined. Since a general-purpose pump may be
exposed o a number of service conditions over a wide
range of suction conditions, the thrust bearing of a single-
stage unit must be designed 1o take thrust in either direc-
tion. For calculating these loads, refer w the deciled
miethiods used by DS, Ullock in his appendix * Evaluating
the Mechanical Design of End Suction Centrifugal
Pumps,” to various pump texthooks or 10 simpler
micthosds related to shut-off pressure, anst of the impeller
at the wear ring, overall arca ar the impeller O.D. and
area at the shaft sleeve diameter.

Shaft and Bearing Loads

Onee the axial and radial loads acting on the pump
impeller have been caloulated or established experimen-
wally, the individual bearing loads and (in frame wnits)
the bearing life and shaft deflection plus developed
stresses in the shaft can be determined.

Typically, in a two-bearing armangement, ONC SWppO
is ““fixed” and subjected wo the thrust load plus the
statically determined part of radial load while the other
is 2 ““floating™ bearing load consisting entirely of it's
staric radial load reaction occurring at the floating bearing
lecation.

Close-coupled pump boads can be passed on o the molor
manufacturer along with specific shaft location and
directionof rot@rion. Atone time, 2 mapor manufcrer
of close-coupled pump moqors provided a dat sheet in-
dicating allowable limits based on speed (RPM) related
o raddial and axial loads, Among the determinations that
could be made was shaft deflection related toa reference
point on the shaft end on which the impeller was
mounted, based on a deflection factor provided as “inch
per pound of radial load.” The data sheet also provided

a graphical parameter indicating allowable combined
loads (threst and a factored cadial load) related 1o motor
frame size and RPM. Axial thrust values were also pro-
vided for shafts in tension and for maximum permissable
reversse thrusts where shafis would be in COMPICIsEo,

In procecding through the exercise discussed here, it
becomes apparent that a significant increase in mdial
loading develops as operation moves away from the BEP
(best efficiency point). Most troublesome i3 the opera-
tion near shut-off where a sieep performance curve
results in a significant increase in Head developed which,
im turn, is directly related vo the radial thrust load (WE).

Shaft Deflection

Shaft deflection is primarily (1) 2 direct function of the
radizl load and the cube of the overhung shaft length
and (2) an inverse function of the moment of shaft cross-
section inertia (a0 the overhung section) and the modulus
of clasticity of the shaft marecrial,

A tvpical overhung pumpimotor shaft with a series of
cross-sectional diameters of varying lengths and two
bearing points requires 2 complex series of calculations
by the pump designer. The intent here is to create
awareness of the primary Boos involved in this

procedurc,

In addition to remaining within the radial clearance of
the wearing ring in order to maintain a high volumetric
efficiency, shaft stiffness i also pequired in the
micchanical scaling area (commonly (2™ masximum
deflection) to provide proper contact berween the lap-
ped faces of the rotating and smtionary seals atall times,

Shaft Failure

Typically, shaft stress is greatest in the overhung cross-
section immedizely beyond the shafit's inboard baring
where the shaft diameter decreases. It is at this point
where the high localized stress referred to as stress
concentration commonly oocurs. To minimize these
Stress radsers, i s necessary o provide smooth hllets of
maximum allowable radi where abrupt changes in cross-
sectional areas exist. Fallure w reduce siress concentra-
tion in these areas may result in fatigue failure caused
by stress misers subjected to oyclic stress inthe rotaging
shaft.

Bearing Life

Bearing life is defined as the number of hours at 2 given
speed that 90% of 2 group of bearings will artain or ex-
ceed before the onset of fatigue. This basic definition
is commaonly referred to as bearing Ly, life

Bearing life 15 a function of two basic sets of conditions:
1. Application

a.} load

b.) speed

) temperature

d.) mountng

&) lubrication



2. Beanng Characreristics
2.} bearing design
b} meuerzal
c.) manufacturing methods

Speed Limit

As bearing size increases, the approximate speed limie
of the ball bearing decreases . Dam is based on oil lubrica-
uon, With grease lubrication, the limicon speed i5 usually
reduced by one-third.

In general, life expectancy has boen raised as special pro-
cesses, refined manufacturing developments and im-
proved lubricants are employed in pump bearings.

For volute-type centrifugal pumps, where combined
radial and axial load is greatest at or near closed discharpe,
the minimum bearing life should not be less than 20,000
hours (2.3 years of continuous operation ). Commanly,
pockiy s users Ane Specing in 3 minirmurn of 50,000 hours.
Calling for an even higher life expectancy is not prac-
tical as environment and age then become the dominant
life factors.

Summary

Obwiously, the interest of the pump user is in trouble-
free operation with a minimum of breakdowns. This has
resulted in significant mechanical improvements over
the years. The most important consideration in providing
maximum trouble-free pumping service is 1o maintain
continuing (normal flow) operation in the area of the
pump’s best efficiency paodin.

There are ways to significantly reduce both radial and
axial load, primarily by redesigning. However, in most
ingtinces, these *'fixes™ are expensive and limited.

Basically , mainmining normal flow near the pump's BEP
by PROFER APPLICATION provides the best solution.

Where options are limited, design modifications may
be considered for either dealing with high loads by utiliz-
ing heavier shafting and larger bearings or by redesign-
ing hydraulic components (o decrease resultant forces
by effectively reducing impeller profile and differential
Pressuse Secions,
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Standard Motor Controls

Thisarticle was prepared with the intention of providing
engineers, maintenance personnel and others working
with centrifugal pumps usefisl and informative reference
mateerl about AC squirrel-cage motwor scrters and
controls. The pump motor and motor controller ane inter-
rebated and often are considered as a package when
choosing specifics for a particular application. Simple
motor controllers, calied motor starters, siart and stop
the moor merely by applying and removing electrical
power. More complex controllers may also condition
the electrical power w provide required output
characteristics, Motor PrOCECions prevent Mmoo Opera-
tion under conditions which might cause overheating
and motor winding damage. The functions are available
separaely or as varkous combanations in individusl units.

Functions

The five major functions of 2 motor conteol SYstem are
imtervded o (1) st0p and stam electric motors, (2) pro-
tect personned, motors and control equipment,, (3) govern
motor speed, torque, horsepower and other
characreristics, (4) maintin pooper sequencing of
MOOTE, equipment, processes and operations, (3)sense
and correct €rmors in operation of 3 motorn, pump or
Process.

Code

Laws, codes, regulations and standards can be an impor-
tant factor in the selecuon process of a controller for a
specific application. OSHA has, per its section 1910309,
adopted as a national concensus standard, the National
Electrical Code NFPA 70-1971. The purpose of the NEC
is the practical safeguarding of any persons, buildings
and contents from hazards arising from the use of elec-
tricity for light, hear, power and other purposes, This
means that equipment must be labeled or otherwise
determined wobe safe by a nationally recognized westing
laboratory. Care must also be tken to insure that all local
codes are being met as well. NEC rules and provisions
are both enforced by governmental bodies exercising
legal jurisdiction over electrical installations and used
by insurance inspectors.

Motor Protection

In addition to direct protection of the motor itself, the
NEC calls for the protection of the branch circuit and
fecder line. The intent of the code is to protect the motor,

Ampco Pumps Co,, Inc,
[414) 543-1852 Telephone
(414) 843-4452 Facsimile

the motor control apparatus and the branch circuit
conductors against excessive heating due 1o motor
overloads or failure o start. Other protection provided
by fuses and circuit breakers is expected to guard against
fault conditions caused by short circuits or grounds
and involving over-currents exceeding locked-rowor
values of the motor,

Overload

The effect of an overload is a rise in temperature in the
motor windings, The greater the overload, the more
quickly the termperamure will increase w the point of
damaging motor insulazion and lubrication. Relatively
srrall overloads of short duration cause lirte damage but,
if sustained, could be just as harmful as overloads of
greater magnitude. The operation of the protective
device shiould be such that the motor is allowed to canry
harmless overloads but s quickly removed from the line
when an overload of any length persists, Motor burnouts
arc said vo be the highest single canse of electrical fires,

Dwvercurrent Protection

The function of the overcurrent protection device is 1o
guzrd the motor branch circuit conductors, contral
apparamus and the motor itself from shont circuits or
grounds. The protective devices commeonly used 1o sense
and clear overcurrent are thermal magnetic circuit
breakers and fuses,

Circuit Breakers

A circuit breaker is defined in NEMA Standards as a device
designed o open and close a circuit by non-automatic
means, and o open the circuit automatically on a
predetermined overcurrent without damage to itself

when properly applied within its rating.

A molded case cirouit breaker is further defined by NEMA
as one which is assembled as an integral unit
in a supporting and enclosing housing of insulating
muaterials.

Fuses

The basic function of a fuse is 1o protect against short
circuits {overcurrents). Motors draw a high inrsh cur-
rent when starting. Single-element fuses have no way
of distinguishing between this temporary inrush current
and a damaging overload. A fuse, therefore, is not duly
suited for motor overload protection.



Overload Helavs

The overload relay provides ideal mowor protection. I
has inverse rip-time characteristics, pormiting it o
hold in during accelerting pericds, yet providing
protection against small overloads above full load
current when the motor is running. The overload relay
differs from 2 fuse in that it is renewable and can with-
stand repeared trip and reset cycles without having (o
be replaced. However, the overload relay does not
provide short cincuit protection which is provided by
fuses and circuit breakers,

Owerload relays are available as either magnetic or
thermal. Magnetic relays respond only o current
overload and are not affecied by iemperature alone Ther-
mal overload relays rely on the rising emperatures
developed by the overload Current o trip the overioad
mechanism,

Method of Selection

The first step in the selection of the staner process is 1o
list the specific chamacteristics of the motor including:
homsepower, phase, frequency and voluge Once thisis
established, the required NEMA sturter size can be deter-
mined from the accompanying tables. (The general
power frequency inthe US. is 60 Hertz, The use of these
mables is restricted to full voltage starters using 60 Hertz
altermating cuctent up 0 575 volis,) The maximum
mator homsepower Umimtion for each NEMA size
starter 15 shown, depending on specific voltge
characieristics.

MEMA SIZE STARTERS l
Maximum Allowable Horsepower

SINGLE PHASE

| NEMA SIZE 115 VOLTS 230 VOLTS |
(1] i3 i
0 1 Z
1 2 |
112 3 5
o . T2
3 - 15
lable 1

HEMA SIZE STARTERS
Maximum Albowable Horsepower

THREE PHASE

WEMA SIZE | 200 VOLTS | 230 VOLTS AB0/5TS
VOLTS |
] [RT: | 1972 2
o 3 | 3 5
1 Tie | T 10
P 10 | 15 25
3 25 | 0 £0
4 40 | 0 100
L] 75 f 100 200
£ 154 | 00 400

Since operation of centrifugal pumps is usually limited
to roction in one direction, the controls vendor should
be advised that reversing service will not be required.

The next step is to select a starter tvpe. The across-the-
line type of starter is by far, the most common. This rvpe
places the motor directly across the full voltage of the
supply lines, providing rapid acceleration, which is
suitzble for the typical small centrifugal pump.

At this point, one basic function of operation remains
e resolved - the opton of using 2 manual or magnetic
starter A manual starter mechanically establishes the
circuit 9 the motor while a2 magnetic starer employs
electro-magnetic means o establish the circuit.

Manual Starter

Basically, 2 manual starer is an “on-0ff"" switch with
owertoad relays. It provides low-cost control and un-
complicated performance. It does not provide for remote
operation or under-volage protection. Manoal staners
are Limited w0 single-phase motors up to 5 HP @ 230 vals
and 1o three-phase motors up to 15 HP @ 600 volts. A
manual starter is, simply, a hand-operated mechanism
that makes and breaks the motor ciscuit, A thermal
protective device included inthe strter guards the motor
ARAINSE EXCES51VE CUTTEnLS,

Magnetic Starter

A magnetic starter is a device which operates electro-
magnetically tostart, swop, control and protect the mator,
Actuation of an electric circuit to an operating ool
magnetcally closed the power contact of the device
Magnetic starers permit remoie operation and automatic
control of pilot devices such as pressure swinches, Aoat
switches, timers and similar devices.

Although they cost more than manial SEers, magnetic
units are more widely used. Magnetic smmers can pro-
vide important operation features and are capable of
withstanding frequent and hard use,

Like the manual starter, a magnetic starer contins a
mechanism for opening and closing a set of contacts
in the motor circuit and a thermal overload. Unlike a
manual starter, the CONIICEs in 3 MAgNENc SMMEr are
moved by an electro-magnet in the sianer When the
magnet is energized, movable contacts close against
stationary conmoes, completing the electrical circuit.
De-energiring the magnet opens the cincuit.



Solid Swte

Eolid-state mobor SELTers wse semi-conductor power and
trigger circuits instead of conmcts. The motor is
accelerated by varving motor volige froam zeno 1o full
voltge on a stepless mmp. Acceleration time is adjustable
up o abour 10 seconds by means of 3 CrMmmer-
poteniometer in the trigger circuit. The starer is
activared by closing a remotely located switch wired to
the sizrter terminals, In addition o thermal overload
prowection, solid-stne sarters provide protection against
phase loss and phase reversal,

Recently, reo US manufzcourers intreduced motor
starrers with solid-state, current-sensing devices. It has
been estimared that up to 25% of all motors requiring
rewiring have been damaged because of single-phasing.
Contaciors contrlled by micro-peocessors in some solid-
SEALE SEUTETS provide 3 communicaions " te-in”" (03 con-
trol room, providing information relative to the status
of the modor.

Combination Starter

This rype combines a magnetic staner with 3 disconmec-
ting device in one enclosure. The disconnect may bea
motor-cireuit switch or 2 circuit breaker,

Reduced-Voltage Starter (*Soft Start™)

In some pump applications, particulacly involving kurger
homsepower requircments, 2 500 stan”™ may be necd-
ed. In addition o the demands of some applications,
power regulations may limit the current surge or volEge
fluctuation that can be imposed on the power supply
during motor Sarting,

Enclosures

The final step in the selection process is the determina-
tion of the proper enclosure. Controller enclosures
provide protection for operating personnel by preven-
ting zecidental contace with “'live” elements. In certain
services, the controller iself must be protected from 2
varicty of environmental conditions such as explosive
gases or combustible dusts. Table 3 provides a listing
of NEMA Smandard enclosures.

HEMA Standard Enclosures

Type 1 General purpose
Type 2 Drip tight
Type 3 Des? tight, rain Bght and sSeet resistant

Type 3R Rain prood and slest resistant
Type 35 Dust light, raln Bght and seel prood

Typa 4 'Water tght and dust tight

Type 4X  Water tight., dust tight and corrosion resistant

Type §  Dus? tight

Type §  Submersible

Type T (A B C or D) Harardous locations Class 1, aar
break

Tree 8 (A B € or D) Hazardous locabons Class 1, ol
IMMErsges

Type ¥ (E, F and G) Harardaus locations Class 2

Type 12  Indusirial applications, dust Sight and drip tight
Type 13 Oil tight and dust sight

Diagrams and Symbols

The basic language of controllers is the circuit diagram.
Consisting of 2 series of symbols inter-connected by lines
o indicate current flow o various components, the cir-
cuit dingram provides mformation relative (1) the flow
of current in the device being controlled and (2) the cur-
rent flow o the devioe being controlled.

Wiring and Line Diagrams

Wiring (connection) diagrams include all the devices in
asystem and show their physical relation o each other
A typical wiring diagram of a three-phase magnetic
starter with 2 start-stop push button station i illusteated
in figure 1.

du ‘__%“ j

figure 1

All poles, terminals, coils, etc. are shown in their pro-
per position in each device. These diagrams are useful
in wiring systerns although, in following the elecirical
sequence of a circuit, connections are pot shown in
an easy-to-follorr manner. For this peason, $ome redar-
rangement of the circuit elements to form a line diageam
is desirable

The line (elementary) diagram is a representation of the
system in its simplest form. Figure 2 is the line diagram
for the wiring diagram in figure 1. No effort is made to
place the various components in their actual position.

Slog St
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figure 2

Typically, all control devices are shown berween vertical
lines which represent the source of control power. Cir-
cuits are shown connected as directly as possible in an
easily followed manner,



In shom, a writing diagram provides the necessary
informarion for physically wiring up a group of control
devices or for tracing circuits in trouble-shooting situa-
tions, A line diagram provides information required 1o
fallow the operation of various devices in the circuit.

The most commonly used symbals are shown in figure
3, Famniliarity with therm will provide abetterundesan-
ding of line and winng diagrams.

Summary
Motor control manufacturers and their representatives
are a most helpful source of informartion in developing

standard motor control line and wiring diagrams for
specific requirements. Their catalogs typically include
NUMercus wiring arrangements, one of which will
wsually meet or at the very least will conform, with
modifications, to most specific requirements, Moor
control manufacturers are also 2 source of considerble
licerarure which, with published handbooks and other
reference material, provide an excellent source for
acquiring basic information.

More complex requirements may demand the services
of professionals in this field.
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By Jakar . Morwanh
Chigl Engineer, Ampes Fumps

Instrumentation - Introduction

Instrumentation is an outgrowth of man's desire to
effect some means of accurate, repeatable measure-
ment which can be readily applied w widely varied
tasks.

In essence, instrumentation replaced man's persoaal
inaccurate methods of estimating and made him aware
of the need for concise standards,

The development of emperature measurement
(Fahrenhelt) in the 18th century, the invention of the
pressure gauge (Bourdon) along with the discovery of
electricity in the 19th century, provided the basis for
the exponential advances which have ocourred in this
century. Progress in all areas, but pariculardy, in the
electronic and paeumatic fields, provided the
ingredients needed for developments in compurers,
clata loggers, ransminers, eic, during the last several
decades. Combining all these sepmens has resulted
in the emergence of a new engineering field known
as "Control Engineering.”

While still in their infancy early in this century, gauges,
meters, thermometers, eic. containing individual read-
outs were [ypically employed in the processing and
power industries. Operators made periodic visual
checks of each readour.  Later, processors began o
record this data, vasally ar specific ume frames during
operating cycles, using *clip-board® recording methods
1o either analyze on site or o @ke back w© the office
for cakeulation and analysis. Sl kater, in the 19305
and 405, measured data was ransmited w© a contnol
room and montored from a central area.

Since then, two ypes of ransmitting systems have
evolved - preumnatic and electronic.  The pneumatic
system wsually employs air pressure at 315 psig; the
electronic system requires 4-20 milliamps of direct
current.  Several factors - cost, size of plant, ransmis-
sion distance, response time, reliability, ete. - dictate
sysiem choice,

Mext, a strong force was required from the transmitter
output signal 1o the controller in order 1o develop
a mechanical action. The operating principles of a
controller and transmitter are similar except thar higher
levels of energy are required 1o effect a physical
change in the processing equipment. Actually,

& : (, Basic Information About Centrifugal Pumps

Ampco Pumps Co., Inc.
(414) 643-1852 Telephone
{414) 643-4452 Facsimile

inputfoutput devices are the interface between the
controller and controlled systiem.  Input devices con-
vert physical qualities to electrical signals while output
devices allow the controller 1o ac on the sysem.

A ansducer is a conversion device for translating the
changing magnitude of one kind of quantity into
corresponding changes of another kind of quantiry.
The later quantity often differs from the former
dimensionally and serves as the source of a useful
signal. The quantities represent Input and output.
Transducers commonly measure pressure, lempera-
ture, kight, magmetc fields, erc, Both mechandcal and
solid-state devices can be found in today's systemns.

The five basic variable segments of measurement in
a systern by an element (ransducer, gauge, thermome-
LT, €10.) are:

1. temperature

2. pressure and strain

3. flow and level

4, pH and conductivity

5. data acguisition

Temperature

Temperature was probably the first measured variable
and continues to be a critical system parameter.
Measurement techniques from radiation pyromety o
basic filled systems are wiilized.

The temperature sensing element should be located
close 10 the point of desired reading. When media
of different temperatures are mixed, the sensing
element must be properly positioned 10 obtain
3 tue mixed-temperature reading. If a temperature
well is emploved for the sensor, clean the well and
use 3 hem vansfer medium within the well and the
measunng instrument. Temperamre sensors, readouts
and similar elements are commonly used with
a device containing relay contacts 1o operate an
audible alarm or annunciator,

Pressure-Strain

This is primarily a parameter indicator which provides
imumediale résponse to a point of operation within a
process.  Pressure instruments are usually cuegorized
by their pressure-sensitive element and range. Most
elements in use today were initiated by the develop-
ment of the Bourdon tube which can be described as



2 flamensd wbe bent into 2 C-shape, As pressure
increases, the robe flexes and tres to straighten our
A linkage mechanism employs a pointer to indicate
PrEssune,

Improvements to the original Bourdon bent tube
design, including the use of helixes, spirals, bellows
and different materials are wiilized today for the
element in specific areas of application.

Flow

Measuring flow rate is impomant for individual pumps
as well as for the entire process or plant. It is also
imporant in some process plants where loops cary
energy-laden media from which excess energy might
be saved or reclaimed.

Many forms of flow measurement are available.
Selection should be based on which & most applicable
1o 2 system's accuracy, type of flow (turbulence or
laminar), viscosity, qualiy of the Ruid medium (clean
v dimy), iemperature, conducance, service and cost.

Forms of messurement include;
1. Diifferential Pressure
2. Magnetic

3. Mazs

4. Oscillatory

5. Positive Displacement

9. RBotometer
10 Wiers and Flumes

Level

Licuic level measurement sysiems use a broad mnge
of technologies wo provide accurate and repeatable
data. Common categories of liquid level sensing
systems include: non-contacting, inserting probes,
mechanical interface, hydrostatic head pressure,
process pressure and interface. As with other
instrumentation, seveéral variations will usually do the
job, 5o the cholce becomes one of cost, accuracy and
personal preference based on previous expenénce.

The current trend is away from mechanical devices
and toward electronic and non-contacy, non-ntnusive
level measurement. High growth mates are predicted
over the next five years in the use of load cells,
magneto structure, microwave/radar, nuclear and
gervo gauge instruments for level measurement.

Conductivity and pH

Conductivity/resistivity measurements are used in
many applicitons: water conditioning, waste streams,
reverse osmosis, ackd, alkalis and =alt concentrations,

elecroplating, etc.

The conducivity of any solution depends upon the
presence within that solution of small, electrically

charged particles known as jons. Conductivity
measures the ability of a solution to conduct an
elecric current between two elecrodes.  As the jons
present in the solution increase, the conducivity of
that solution will become higher. If the number of
ions s very small, the solution will be "restive” o
current fow.

pH is 2 unit of measure which describes the degree of
acicity or alkalinity of a  solution. Measurement is
made on 3 scale of 0w 14. A pH of 7 represents a
neutral solution.  Lower values represent acidity and
higher values alkalinity.

A rough indication of pH can be obtained using pH
papers or indicators which change coler as the pH
level varies, More accurate measurcments are
obtained with pH meters. A pH meter i basically a
high impedance amplifier that accurately measures
voltage (minute elecrode) and displays the results in
pH units on either an analog or digital display.

Diata Acquisition

Data acquisition systems measure the produc and/or
process used 10 colledt informanon for documentation
or analysis. Equipment ranges from plain recorders o
complex computer systems, Data acquisition can
serve as a control point in a system, bringing together
a wide range of devices, such as sensors, to indicate
termperature, flow and pressure.

An elementary data acquisition system has four
components: (1) analeg tansducers, (2) one or more
analog-to-digital converters to digitize transducer
signals, (3) 2 controller w0 synchronize data sampling
and storage, and (4) a processor which may share the
same computer as the controller, Daw can be stored
by the controller itself, or passed to another computer.

Data acquisition systerns are becoming very popular in
manufacturing processes. The system or its controller
may be a personal computer, 2 micro-processor,
a single-board computer of a main-frame computer. It
may be applied solely o scquire and analyze data, or
it mzay also perform additional functions.

Display Choices

Today, instant displays are wsually analog or digital.
Each type has its advantages and limitations. Anzlog
instruments are normally smaller, easier to read and
less expensive while digital unsts are more accurate.
Conversion of analog input to digital signals within
instruments is achieved through special analog-to-

digital circuitry.

The Institite of Electrical and Elecronics Engineers
(IEEE} classifies electrical transmission signals as:
voltage, current, position, frequency and pulse with a
further classification of (1) analog, where the signal
transmited is the electical amilog of the measurement
or (2) digital, where the signal has been converned o



a code representing the measurement. All five
electrical rransmission signals can be used in analog
transmission bt only the pulse signal can be used for
digntal ransmission

General Service

In our service-orented sociery, some overlapping
of service in the instrumentation field has become
evident. There s 2 growing demand for high-level
control engineers representing, 10 some degree, a
shifting of personne] from user processing companies
10 engineering service firms.  It's uncenain whether
this is a permanent trend. When service is beyond
a maintenance staffs capability, 2 service contract
alternative may be pursued to insure minimum down-
time of the processing equipment.

In this environmen, brand changing is also becoming
rare, Processors are staving with one or two sources
for the improved service that 2 sechnician Famnibiar with
the systemn can offer.

Preventative Maintenance

Programs involving routine inspections, cleaning,
lubrication, replacement of spare parts and salewy
audits can be beneficial. A good preventative mainte-
nance program should follow of schedube of specific
times, dates or hours of operation predetermined by
previous history or dictated by equipment manufactur-
ers' specifications. Unplanned malfunctions or break-
downs must, unfortunately, also be anticipated in any
good mainténance progrim.

Accuracy

Accurate measurements ¢an only be assured if the
monitoring is performed at a location in conformance
with the instrument manufacturer's instructions.
Dint buildup or comesion on either the element or

equipenent can resull in erroneous readings.

Summary

The essentials of an insremenzation system include:

1. A sensing or measuring «lement

2. A means of comparing the measured value with
an observed value

3. A final control element 1o provide the desired
change in the measured variable

4. An acuaner 1o change the position of the final
control element as required

5. A relaying or force-building means of enabling
a weak sensing signal to release sufficient force
to power the actuator

To be most effective in making compatible instrument
recommendations, control manufaciurers must be
provided with complete data in three areas: (1) appli-
cationfenvironment, including the medium being
processed, its lemperature, properties, etc., (2) accura-
¢y requirements, (3) instrument reading range.

Choosing the right transmitter for an application
improves process efficiency. Choosing the right
vendor assures that the entire process, from ordering
the instrumeniation 10 installation and maintenance
will be accomplished smoothly and efficently.

Instruments for the measurement of temperature,
pressure and liquid level can usually be installed from
standard drawings, Differential-pressure instruments,
particularly those used for measurement of low mie,
geneeally require more detailed sketches of the
specific operation.

To maintain a reliable processing operation,
instrumentation should be recalibmated periodically in
conformance with the manufacturer's recommenda-
tions and a regular cleaning program should be
ohbserved,

These procedures should be followed even though
current instrumentation offers:  increased reliability
and durability, improved performance, less mainte-
nance, greater consistency and lower overall cost
(taking into consideration life cycle and maintenance).

Relative 1o pumping applicatons, instrumentation can
proride:

1. An evaluation of perfformance along with constant
monitoring of the pump and system.

2 E.li:ubllll.'} of allowing pump or system to automati-
cally respond to change: (a) pump through speed
control, (b) system through repositioning of control
valves,

3. Ability 1 modify or maintain fluid temperature
{could also contral viscosity).

This article concludes thie Puh Primer program winich
originated in 1988, §f you're interested in receiving
back isues, all nventy articles are sill available and
cart b provicled wpon your regueest.
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