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Preface

My motivation in writing this book was to relate fuardental principles of the
operation of kinetic and positive displacement pumps, ditact relation to appli-
cation specifics and user needs. In tddaseality, pump users demand simpler,
easierto-read, and more practical material on pumps. New, young engindey
enter the workforce are faced with immediate practical clggiempresented to them
by the plants environments: to solve pumping problems and improve equipment
reliability and availability— in the most cost-effective manner. To meet these
challenges, plant personnel must first understandfithéumentals of pump opera-
tions, and then apply this knowledge to solve tlmimediate short-term, and long-
term, problems. Pumps are the most widely used type ohineay throughout the
world, yet, unfortunately, they are covered very little, or not at all, at thegeo
level, leaving engineering graduates unpreparedeta with — not to mention
troubleshoot— this equipment. The variety of pump types alsosaadthe confusion
of an engineer entering the workforce: Which pump type, among ,nmanghoose
for a given application? Available books on pumps are good butotiweflect the
rapid changes taking place at the plantstougher applications, new corrosive
chemicals, and resistance to the abrasives, which because of cost prassures
longer adequately removed from the streams before they enter aspsowgtion,
etc. In recent years, heightened attention to a safkplace environment, and
plants demand for better equipment reliability have necessitated improverments
mean time between failures (MTBF), as well as a betteenstahding of pump
fundamentals and differences real or perceived. In addition, existing booksenft
contain complicated mathematics with long derivations that typically make them
better suited for academic researchers, not pigtiengineers, operators, or main-
tenance personnel looking for practical advice aneal solution for their immediate
needs. The emphasis of this book, therefore, isimplicity — to make it useful,
easy, and interesting to read for a broad audience.

For new engineers, mechanics, operators, and plantgearent, this book will
provide a clear and simple understanding of purppdyas defined by thdydraulic
Institute (HI). For more experienced users, it will provide a timglgate on the
recent trends and developments, including actual fieldbteshooting cases
where the causes for each particular problem acedrback to pump fundamentals
in a clear and methodical fashion. The pump types covechatat centrifugal, gear,
lobe, vane, screw, diaphragm, progressing cavity, and other migmeltatypes.

The variation in types of pumps is presented in terms of hydrdaign and
performance, principles of operation, design sintiéer and differences, and histor-
ical trends and technological changes. After cogefundamentals, the focus shifts
to real field cases, in terms of applications, pag® system interaction, reliability
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and failure analysis, as well as practical solutions for improvements tigmpletion
of the book, readers should be able to immediately implement the teeboayered
in the book to their needs, as well as share what they have ledthedNeagues in
the field.

Existing material on pumps and pumping equipmenter predominately:en-
trifugal pumps. Centrifugal pumps have dominated the dverahping population
in the past, but this situation has been changmthé last 10 to 15 years. New
chemicals, industrial processes, and technologies have introduced processes and
products with viscosities in ranges significantlyydred the capabilities of centrifugal
pumps. Many users still attempt to apply centrifugal pumepsuch unsuited appli-
cations, unaware of new available pump types and improvementsdity pump
designs. Furthermore, there is very little published material on gear pasigns
— the effects of clearances on performance and priming capabilities arallyir
unknown to users. Progressing cavity pumps, now widely usevastewater treat-
ment plants and paper mills, are virtually uncovered inavelable literature, and
even the principle of their operation is only understogdabfew specialists among
the designers. The same applies to multiple-screw puagsintroversy still exists
about whether outside screws in three-screw degigogide additional pumping or
not.

An example of published literature which when used alon® i®onger adequate
is A.J. Stepanofé well-known bookCentrifugal and Axial Flow Pumps. It describes
the theory of centrifugal pumps well, but has no infation on actual applications
to guide the user and help with actual pump selection for his or Ipdicajons.
Besides, the material in the book does not nearly cover any of the latestpdevelo
ments, research findings, and field experience in the last 20 te&8. yAnother
example comes from a very obscure publication onrpssing cavity pumpslhe
Progressing Cavity Pumps, by H. Cholet' published in 1996. However, this book
concentrates mostly on downhole applications, and is more of aageverview,
with some applicational illustrations, and does nohtain any troubleshooting
techniques of dwhatto-do-if.” In the U.S., this book is essentially unknown and
can be obtained only in certain specialized conferences in Eurbpes is a good
publication by H.P. BlochpProcess Plant Machinery,*® which covers a variety of
rotating and stationary machinery, as well as being a good source ftactirécal
professional. It provides an overview of pumps, but for detaiksigd and appli-
cational specifics, a dedicated book on pumps would be a very gooltreepp
Finally, the Kirk-Othmer Encyclopedia of Chemical Technology contains a chapter
on “Pumps; written by the author,and includes comparative descriptions of various
pump types, with applicational recommendations and an extelistivef references.
However, while being a good reference source, it is generally usearjlyi as it
was intended- as an encyclopedial material, designed to provide ¢ader with a
starting foundation, but is not a substitute for an in-depth mildit on pumping
details.

For the above reasons, this new book on centrifugal and rotargspuiti
provide much needed and timely material to many plant engineergensiae
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personnel, and operators, as well as serving elewant textbook for college courses on
rotating machinery, which are becoming more andempapular, as technological trends
bring the need to study pumping methods to the atteafioallege curricula. This book
is unique not only because it covers the latest pump designs and thebrglso
because it provides an unintimidating reference resouraattigingprofessionals
in the U.S. and throughout the world.
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1 Introduction

Pumps are used in a wide range of industrial and residential applicationping
equipment is extremely diverse, varying in type, size, and materialsnefraction.
There have been significant new developments in the area of purpimgment
since the early 1980sThere are materials for corrosive applicationsdeno sealing
techniques, improved dry-running capabilities of sealless pumps (thataapeetin
cally driven or canned motor types), and applications of magnegignigs in
multistage high energy pumps. The passage of tearCAir Act of 1980 by the

U.S. Congress, a heightened attention to a safe workptaéomment, and users
demand for greater equipment reliability have all fe improved mean time between
failures (MTBF) and scheduled maintenance (MTBSM).
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2 Classification of Pumps

One general source of pump terminology, definitiondes, and standards is the
Hydraulic Institute (HI) Standardsapproved by the American National Standards
Institute (ANSI) as national standards. A classificatibpumps by type, as defined by
the HI, is shown ifrigure 1

Pumps are divided into two fundamental types based on the manneicim wh
they transmit energy to the pumped media: kinetigpositive displacement. In
kinetic displacement, a centrifugal force of théating element, called an impeller,
“impels’ kinetic energy to the fluid, moving the fluid from pumpcsgon to the
discharge. On the other hand, positive displacemeas the reciprocating action of
one or several pistons, or a squeezing action shing gears, lobes, or other moving
bodies, to displace the media from one area into another (beingnthe material
from suction to discharge). Sometimes the tefinket’ (for suction) and‘exit’ or
‘outlet (for discharge) are used. The pumped medium is usually liqoigdever,
many designs can handle solids in the forms of suspension, ettmirgissolved
gas, paper pulp, mud, slurries, tars, and other esufistances, that, at least by
appearance, do not resemble liquids. Nevertheless, aallolguid behavior must
be exhibited by the medium in order to be pumped.therowords, the medium
must have negligible resistance to tensile stresses

The HI classifies pumps by type, not by application. The userg¥ew must
ultimately deal with specific applications. Often, based pamsonal experience,
preference for a particular type of pump develops, andptieiference is passed on
in the particular industry. For example, boiler feeonps are usually of a multistage
diffuser barrel type, especially for the medium dndgh energy (over 1000 hp)
applications, although volute pumps in single or multistage comtfigms, with
radially or axially split casings, also have been applied successfully. e
pump types and applications and the reasons behind applicatiefelepces will
follow.

0-8493-?77?77-?/97/$0.00+$.50
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Concept of a
Pumping System

LIQUID TRANSFER

To truly understand pump operation, one needs to carefully esatimnspecifics
of each individual system in which a pump is installed and operatindrigee
2). The main elements of a pumping system are:

 Supply side (suction or inlet side)
« Pump (with a driver)
« Delivery side (discharge or process)

The energy delivered to a pump by the driver isispa useful energy to move the
fluid and to overcome losses:

Energyhu = Energyeeni+ Losses Q)
Efficiency = Energyseni/Energypu (2)
Losses = Mechanical + Volumetric + Hydraulic 3)
U U U
bearings leakage (slip) friction
coupling entrance/exit
rubbing vortices
separation
disc friction

From the pump user viewpoint, there are two major parameters of interest
Flow and Pressure

Flow is a parameter that tells tew much of the fluid needs to be moved
(i.e., transferring from a large storage tank to snalfums for distribution
and sale, adding chemicals to a process, etc.).

Pressure tells ushow much of the hydraulic resistance needs to be overcome
by the pumping element, in order to move the fluid

In a perfect world of zero losses, all of the input power wgadnto moving
the flow against given pressure. We could say that all ohtadable driver power
was spent on, or transferred to, a hydraulic (i.e. ul)geéwer. Consider the simple

0-8493-??7?-?/97/$0.00+$.50
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é Coupling
s s

\ Pum P \
Valve Valve

FIGURE 2 Pump in a system.

illustration in Figure 3 which shows a piston steadily pushed against presquie,
inside a pipe filled with liquid. During the tinté&,” the piston will travel a distance
“L,” and the person, exerting fortE” on a piston, is doing work to get this process
going. From our school days, we remember thatk equalsforce multipled by
distance:

W=FxL 4)
For a steady motion, the force is balanced by the preSggiracting on ared;A”:

W=(pxA)xL=px(AxL)=pxV ®)

Area

Volume=AxL

‘ Travel
.’ol

FIGURE 3 Concept of power transfer to the fluid.
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INPUT POWER, LOSSES, AND EFFICIENCY

Work per unit of time equals power. So, dividing bottesiof the equation b§t,” we
get:

W _pxV
e (6)
t
or,
Power = p x Q,
where
Q=V

t

“Q” is the volume per unit of time, which in pump language is caffédw,”
“capacity; or “delivery”” Inside the pump, the fluid is moved against the pressure by a
piston, rotary gear, or impeller, etc. (thus far assuming nedpss

This book will use conventional U.S. nomenclature, which can easily verted
to metric units using the conversion formulas located in Appendix Beariti of the
book.

So,Ideal Power = Fluid Horsepower = FHP = p x Q X constant, since all power
goes tdfluid horsepowet’in the ideal world. Typically, in U.S. units, psese is measured
in psi, and flow ingpm, so we derive the constant:

<i % apm 2 ﬁ3 min [
p ap 4’ﬁﬁﬂijﬁdx 144 - " .
2
in xmin ft 748gal 60 sec
_ Ibf x ft 144 o AP BHP
X M =
sec 7486011 1 Ibf xft 0 1714
X 550
sec [
Therefore,
(1)
FHP=pxQ
1714

This is why the1714’ constantrings a belt for rotary pump users and manufacturers.
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Returning to thé&real world}” let us“turn on the frictiofi exerted by the walls of the
imperfect pipes on liquid, and consider the rubbing of the pégaimst the pipe walls,
as well as theé‘sneaking of some of the liquid back to low pressure through the
clearances between the piston and pipe walls. BHP = FH#&sek, or introducing the
efficiency concept:

n=FHP, ®)
BHP
or
FHP = BHP .

We can now corredEquation 7Awith the efficiency:

BHP =—p > ©
nx1714

Jumping ahead a little, Equation 9 is typically used whealin with positive
displacement pumps (which include rotary pumps), ttentrifugal world is more
accustomed to expressingessure traditionally in feet of head, using specific

gravity®:

H= ﬁ%'( feet of watel) (10)
which turns Equation 9 into
H x SGIJ Q
231 Ux % O X
BHP=—22= """  HxQxSG
nx1714 = (11)

n x 3960

This is why a“3960’ constant should noviring a belf for centrifugal pumps users.
Both Equation 9 and 11 produce identical results, providing that propesr are
used.

SYSTEM CURVE

From the discussion above, we have established#éhadndpressure are the two main
parameters for a given application. Other paramsetsuch as pump speed, fluid
viscosity, specific gravity, and so on, will have effect on flow and/or pressure, by
modifying the hydraulics of a pumping system in which a gigamp operatesA
mechanism of such changes can be traced directly tofdhe components of losses,
namely the hydraulic losses.
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Essentially, any flow restriction requires a pressure gradient tcave it.
These restrictions are valves, orifices, turns, @ipd friction. From the fundamentals of
hydraulics based on the Bernoulli equation, a pressure drop (i.e., hydraslicido
proportional to velocity head:

2
his= K¥—  (coefficient“k” can be found in books on hydraulié$).2)
29

For the flow of liquid through a duct (such as pipe), theaitt is equal to:

V=& (13)
A

which means that pressure loss is proportional to the square of flow
hloss~ QZ. (14)
If this equation is plotted, it will be a parabola (§égure 4.

A

hLoss~Q2

Parabola

Hydraulic Losses (hms)

Y

Flow (Q)

FIGURE 4 Hydraulic losses, as a function of flow.

PUMP CURVE

A pump curve shows a relationship between its two main parasngter and
pressure. The shape of this curve (deigure 5§ depends on the particular pump type.
Later on, we will show how these curves are derived. For now, ipisrtamt

to understand that the energy supplied to a pump (and from atpuhaja) must
overcome a system resistance: mechanical, volumatiichydraulic losses. In termb
pressure drop across the pump, it must be equal to thensyssistance, or
demonstrated mathematically,
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== Rotary (or any PD-Type)

ifugal
/Centrl uga

Pressure (p), or Head (H)

.

Flow (Q)

FIGURE 5 Pump curves, relating pressure and flow. The slope of the centrifugap
curve is“mostly’ flat or horizontal; the slope of the PD-pump is almost a vétiiea

APpump = hoss at a given flow. (15)

Therefore, the pump operating point is an intersectioth® pump curve and a
system curve (seBigure §. In addition to friction, a pump must also overep the
elevation difference between fluid levels in thectiarge and suction side tanks, a so-
cdled static head, that is independent of flow (Ségure 7. If pressure inside the
tanks is not equal to atmospheric pressure thersttitee head must be calculated as
equivalent difference between total static pressures (exdra@sdeet of head) at the
pump discharge and suction, usually referencedeagtimp centerline (sdeigure 8.
The above discussion assumes that the suction and disghipigg near the pump
flanges are of the same diameter, resulting insémae velocities. In reality, suction
and discharge pipe diameters are different (typically, a discharge pipe diameter is
smaller). This results in difference between sucemd discharge velocities, and their
energies (velocity heads) must be accounted foerefbre, a total pump head is the
difference between all three components of thehdige and suction fluidnergy per
unit mass: static pressure heads, velocity heads, and @egafor example,

2
1

S
H=p -p+ V-V 4+ (z-2z5). (16)
Y 29

Note that the units in Equation 16 are feet of head ofrwatee conversion between
pressure and head is:

x2.31
H= p_SG a7)
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A
H (a) Centrifugal
Pump
System Operating point
5"
A
= (b) Rotary
Pump
System Operating point
5"
A
Q / slip
—
(c) Rotary pump

P

FIGURE 6 Pump operating point- intersection of a pump and a system curves.

Note: Due to the almost vertical curve slope of rotary pumps (b), their pexfmencurves are
usually and historically plotted as shown on (c) (i.ewfle. pressure).
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|

ho

Lo

ho=Zd'Zs

ho # f(Q)

’-iol Hydraulic Losses

FIGURE 7 System curves:
(a) without static head (i negligible)
(b) with static head

500 psig

100 psi
PS% Z4
Zs
l l

hgo _500x231 5

SG
he = 1008)232.31 +Z6
ho = hg-hg = [(500-100)x2.31 | + (Z4-Zs)
SG

L

FIGURE 8 “Equivalent static head, (), must be corrected to account for the actual
pressure values at the surfaces of fluids in tanks.

Correction for pressurized tanks.
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From our high school days and basic hydraulics, we remethatthe pressure,
exerted by a column of water of heigtt,” is

p=pgh =yh, (18)
wherey is a specific weight of the substance, measured in3lofifspecific gravity
(SG) is defined as a ratio of the specific weighttted substance to the specific
weight of cold watery, = 62.4 Ibf/ft. (SG is also equal to the ratio of densities,
due to a gravitational constant between the specific waightlensity). So,

SG =p/p, = 1Mo, (19)
p =pgh =y h = ,SG)h = 62.4 x SG x h (IbfAx (20)

(To obtain pressure in more often used units of Ibffasi), divide by 144).

p =h*SG , (21)
231.
or
h= x 2.31
I SG

Clearly, if the system resistance changes, suchhagpaning or a closing of the
discharge valve, or increased friction due to smaller or lopigéng, the slope of the
system curve will change (sé&gure 9. The operating point moves:-% 2, as valve
becomesmore closed,or 1— 3, if it opens more.

a
T—
£ )
1M
50% Open E
(1 s ®
Pump =

o
10% Open a
(2 l f

o

2 1 3 Flow(Q)

90% Open
®)

FIGURE 9 System curves at different resistance.
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Centrifugal Pumps —
Fundamentals

A centrifugal pump is known to be ‘pressure generatdrys. a“flow generatof;
which a rotary pump is. Essentially, a centrifugaimp has a rotating element,
or several of them, whictimpel” (hence the name impeller) the energy to the
fluid. A collector (volute or a diffusor) guides tHrid to discharge Figure 10
illustrates the principle of the developed head by tentrifugal pump. A good
detailed derivation of the ideal head, generatedhgyitmpeller, is based on the
change of the angular momentum between the impeller inlet and Egitation
22 is afinal result:

Hi= 2 6 1 (22)

Above, index “1” indicates conditions at the impeller inlet, andleér “2”
indicates conditions at the impeller exit. The e#lo triangles, used to calculate the
developed head, must actually be constructed imatedgibefore the impeller inlet,
and immediatelyafter the exit (i.e., slightly outside the impeller itself). The inlet
component (V x U)is called pre-rotation, and must be accounted for. dnyntases
the pre-rotation is zero, as flow enters the ingpelh a straight, non-rotating manner.
Its effect is relatively small, and we will disregard it insthiriting. As flow enters
the impeller, the blade row takes over the directiorilaf, causing sudden change
at the inlet (shock). As flow progresses through the impeller passageguitési
by the blades in the direction determined by the bfatiive angle f{b,). However,

a flow deviation from the blades occurs and depemdshe hydraulic loading of the
blades. Parameters affecting this loading include the numbgladés and the blade
angle. As a result, by the time the flow reachesinygeller exit, its relative direction
(flow anglepf,) is less than the impeller blade andil,). This means that the actual
tangential component of the absolute velocity 64(Y is less than it would be if
constructed solely based on the impeller exit blade angle. The resudirtedd

would, correspondingly, be less. The flow deviation from the bladectdin has
nothing to do with hydraulic losses, which mustingher subtracted from the ideal head,
to finally arrive at the actual head,(H

0-8493-??7?-?/97/$0.00+$.50
© 1997 by CRC Press LLC
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Impeller
b n

@)

Volute

(OD)

(B~Po,
Bb as afirst
approximation).

Normal to “relative” area
Normal to “meridional” area

FIGURE 10A Amy=7Dsb,, A = bh,z
z = number of blades (8 here)
u peripheral velocity vector
w = relative velocity vector
Vv = absolute (resultant) velocity vector
“1” = inlet,“2” = exit of impeller

\% \W
Vma T
v af Pt ot Bt e
[<—V02 Wo. «—V 00—
Uz Uz
(a) More flow (Vinz X An) (b) Less flow (V' Amo)
Less head (MUy) More head (V, U2)
Vmz>Vm? , Vo2 < Vo'

FIGURE 10B Impeller velocity triangles.
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% Shock Losses (mostly) 2a (Just Left Blade Row)

Ideal Head 2 Ready to Exit Blade Row)

Exit /
riction (mostly) Blade
Entrance:

la: Via 1 velocity vector in absolute direction (relativeedition not meaningful yet), =~ Vm;

\
1 (Entered Blade Row)

Actual ust Prior Blaée Row)

Head

1: blades dictate direction according to blade

inlet anglePy, V1 W1
Vm 1
fb1
U1

If 1a and 1 represented together Inlet

Incidence

Via Angle

Exit:

Velocity triangles do not differ very much between 2 andi.2a;there is no shock losses, as
compared to inlet. (Actually, they do differ per #manis slip factor, but that discussion is
significantly beyond the scope and simplificatiofi¢his book.)

Low Flow High Flow
Large W>2

Small W2
A Bbﬁz

FIGURE 11 The nature of hydraulic losses in the impeller.

With regard to flow, it is a product of correspondiraocity and area:
Q=VnxAn=WxA,. (23)
“¥Ym” is called a“meriodional velocity (a component of the absolute velocity into
the meriodional direction), arf\V/” is a relative velocity of the fluid passing thrbug

the impeller passages. Hydraulic losses reduce the dedehaad, as shown in
Figure 11 Note that at low flow the relative velocity (W) through the impeller is
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small. Since relative velocity characterizes the movementuaf through the impel-
ler passages, it determines friction losses: relative velocity is higher at higher flow
hence friction losses are predominant there. Atflow, the relative velocity is small
and friction is negligible. The main component of Iesgeinlet recirculation and
incidence. At design point (BEP) the fluid enters the impeller smogshiyckless),
which can be seen as the absolute velocityisvpresented as a vectorial triangle
that includes V, U;, and W. Therefore, on both sides of the best efficiency point
(BEP), the relative component y\Mjust before entering the blades row) would be
different from W (just inside), causing shock losses. As a resulhigtier flow,
friction is a predominant loss component, and at low flow, incidenceshock are
predominant loss components.

AFFINITY LAWS

In an Affinity Law, the ratios between the internal hydraulic parametexgofen
device, such as a pump, remain constant whefeaternarl influence is exerted on
the device. Rotating speed (RPM) is one such influence. When meegd shanges,
the“affinity” of the velocity triangles (i.e., their shape) remains anees(se&igure 13.

Affinity
30° 0°
O -— 0°
No Affinity
40° 35°

O

FIGURE 12 lllustration of the Affinity principle.

In geometric terms, this means that tatutive flow angle, p; (which is, as first
approximation could be assumed, equal toitheller blade angle, Bp), as well as
theabsolute flow angle o; all remain constant as the speed increased~(gaee 13.

The ratio of velocities also remains constant:

U \% w Vv \Y, RPM

A mA A 0A A A
U = = = = = (24)

\Y W \ \Y RPM

mB B 6B B B

Since velocity is proportional to RPM, and flow s direct relationship with velocity
(seeEquation 9, the flow is thus proportional to RPM. FroEguation 8 the ideal
head is proportional to (U), (i.e., H ~ RPM), and, neglecting a correction for
losses, the actual head is therefore approximately proportional to RPM dsquare
H ~ RPM.
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RPMs > RPMa

0A=0B , PA=PB=Pblade

FIGURE 13 Affinity is preserved as rotational speed changes f) to (B).

Finally, the power which is a product of head and fl&guation § is proportional
to the cube of RPM. To summarize:

Q ~RPM (25a)
H ~ RPM (25b)
BHP ~ RPM. (25c)

HELPFUL FORMULAS, PER CENTRIFUGAL PUMP TRIANGLES

Vv
—™ =sinB, Vm=W sin (26)
w P " P

U-Vy=W,=WcosB, V,=U-W cos (27)

Neglecting the inletpre-whir> component (W)

coP
U-Wecosp)u ~YU-Q = Uz

Hi=0OVU O = 2 2 2
Ug U2 ( g =
U ¢ (28)
_& QU cosp
9- Axg

From the previous formula for the ideal head, a graphical representation (straght lin
can be constructed, as showrrigure 14
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UA
Cosp
Hi= uz QUCosp
g Axg
FIGURE 14 Construction of the ideal head vs. flow.
2
AtQ=0,H=U=
g
At H=0, Q =UYA*
COSP 2
x 0321
— W =RPMxODandV =Q, ]
229 Az

Note: Linear dimensions are in inches, area is in squelnesnflow is in gpm, head is in
feet, and velocities are in ft/sec.

Quiz #1 — VEeLociTy TRIANGLES

Referring toFigure 15 construct a velocity triangle at the impellerteaind predict
pump head for this 50 gpm single-stage overhung centrifugal ,pumping at 1800
RPM. What is an absolute flow anglg?
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bo = /s

Ax=hyboZ

FIGURE 15 Impeller geometry for Quiz #1.

Solution to Quiz #1

, 1800x8
U:=RPMxD = = 63ftlsec
229 229

Am =x Db =314%x8x025=63in2
2

x 0321 50x0321

Vm =Q = =26 ft'sec
2 A
o 63
\Y
We= — © - _26 =75 ft/sec
, sin20
sinp  °

/
Vo =U2—W cosp =63-75xcos20°56 ft sec
2 2 2

_¥W— 5x63
Hi= = =110 ft
9 322

As was mentioned earlier, we are using an impeller exit angle for thestogtty
triangles, disregarding flow angle deviation from the blade angle, asproxima-
tion (i.e., assuming 8, = B, = Puy)-
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56 |

2ol [ — o

110

50 Q.gpm
FIGURE 16 Resultant impeller exit velocity triangle and operating point for Quiz #1.

The resultant velocity triangle and a single operating point on the performance
curve are shown ifrigure 16 To construct a complete curve, such calculations must
be performed for several flows, producing a seriepairfits of the ideal head-igure
17). If we could now calculate hydraulic losses athefiow, we would obtain another
set of points for the actual head, which is the s&sp (se€igure 19.

A
H;, feet

110

50  Q,gpm

FIGURE 17 Ideal head is calculated at several flows, producing a set@fgdints.

However, these calculations are too involved for the scope of dbis land the
composition of losses is very different for differentnp types. An approximate
technique could be used for a rough estimate of the H-Q curegpksned below.

The 50 gpm in previous discussion was an arbitrary flow. IfShegpm is
actually a best efficiency point (BEP) of this pump, then as a firstozippation
and as a rule of thumb, a value of 85% for the hydraulic efficiengybeaused at
BEP, and is typical (practical) for many APl and ANygle centrifugal pumps. The
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Ha=Hi-hLosses

H;, feet
Ha, feet

ILosses

Q,gprﬁ

FIGURE 18 Calculated losses, at each flow, are subtracted from the héedl (H),
producing a new set of points for the actual heayl (H

value of hydraulic efficiency at off-BEP points is a mormimed matter. The actual head
at BEP would then be equal to:

H:HanH:110x0.85:94ﬁ.
The actual head at zero flow (shutoff), for these tgb@simps, ranges between 10 to
30% higher than the BEP head, which means:

~1.2x94ft=1131t.

SO
Having these two points, we can roughly sketch the approgithatH-Q curveléigure

19).

H Hso = Kn x Heep , K = f(Ns)
13 Efficiency
<4
I Losses=110-94=16
94 (at 50 gpm)
50 6
(BEP)

FIGURE 19 Shut-off (shut valve) head, sk is assumed as 20% rise from the BEP value,
which is typical for many pumps, in a wide range of specific speegiss(iscussed later.

Let us also construct a system curve. Supposethigapump in Quiz #1 was

installed in a system, as shownFhigure 2 with relatively short piping, and a 60 ft
differential between the liquid levels in its tarfke., 60 ft static head). For relatively
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low viscosity liquids (applications in which centrifugal pumps mostly wsed),
friction losses can be neglected for a short piping run, and theedfgmessuredrop
(hydraulic loss) is taken across the valve a resultant parabola, as waglained
earlier, is shown ifrigure 20

Efficiency Curves
H it T y

b @ c
113

94

ho=60"] R

50 Q,gpm

Note I: Thus far only two points of pump curve have been caledléat 50 gpm and at
shut-off).

Note 2: Efficiency curves demonstrate possible positictespénding on pump internals) of
operating point (a) if 50 gpm is BEP (assumed har&},(b) and (c) are for BEP to the left56f
gpm, or to the right of it.

FIGURE 20 Operating point— intersection of pump and system curves.

Hvaive - Hstatic " KQ2 (30)

Substituting the known values from the pump dathénprevious valve equation, we
can get the coefficierfk”:

94' =60" + K x 56, K=0.014.

This finalizes the valve (i.e., system) equation,

=60 +0.014Q
Hsystem ’

which can be re-plotted now more accuratelfigure 20

PERFORMANCE CURVES

Mathematically, if the discharge valve is throttled, its loss coeffict&titchanges

(higher for a more closed valve). Inside the pump, however, thevae particular

flow (BEP), where the hydraulic losses are minin@énerally, at higher flows, the
friction losses are predominant, and at lower flatws more significant components
of losses are flow separation and vortices Sigire 1). The flow requirements in

many applications change continuously: the prodngtquirements change, different
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liquids require different amounts of additives he fprocess, etc. A common and simple
way to change the flow is to open or close the discheafye; however, this method
is also the least efficient. As we shall see later, fopa tf pump in Quiz #1, a 20%
reduction in flow may cause a 10 to 12% loss in efficienog this costs money.

Quiz #2 — How MucH Money Dip A MAINTENANCE MECHANIC SAVE
His PLanT?

Refer toFigure 21 How much money would a mechanic in a chemical plant bring
home next year, due to a raise he got for finding a better way to changeniné @
than by valving? (There is no need to assume 50 gp@ BEP point; it can be
anywhere along the performance curve, since the pbans only for relative
comparative illustration.)

A New/BEP Old BEP
H, ft J_\
15 \

P3 1 .
100 75%) (75%)  Efficiency
(b) %250/ \
@ N
40 50 Q,gpm

FIGURE 21 Different ways to shift pump operating point, for Quiz #2.

(@) Inefficient way: Pump operating point shifted fromJ%0 gpm to 40 gpm @, by valve
throttling, with efficiency drop from 75 to 65%.

(b) Efficient way: Operating point moved from;Pto P , by volute modifications (or, equally
effective, by speed change with VFD), keeping efficiehigh at 75%.

Solution to Quiz #2
HxQxSG 40x100x10
1. BHP(inefficientway): 3960 = =155HP
n 3960x 065
40x% 100
2- BHF%efficiem way)= 3960X 075 = 135 HP

3. A=0.2 HP= 0.15 kW
For one year (8760 hours), at 10 cents per kilowatt, this wesldt in:

(0.15 x 8760) x 0.10 = $130 per pump
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An example of such an efficient way would be a tel(or diffusor) modification,
to rematch it to the new operating conditions of 40 gpm. Anotlagr i&/ to reduce
the speed, which would reduce the flow proportionallythis can be done with a
variable frequency drive (VFD). For a 1000-pump plant tould be a savings of
$130,000. Now, if the mechanicboss would allocate at least 1% of savings to the
mechani¢s bonus, this $1300 would make a nice present atehesyend! And this
is just for a small 1.5 HP pump- how about the larger ones?!

PERFORMANCE MODIFICATIONS

Let us now assume that the pump in our previous exampbekagroperly sized for the
application, and has been operating at its best efficienayt,pQ = 50 gpm, and
developing head, H = 94 ft the operating point being an intersection of a pump
curve and a system curve, with static head of h = 60 ft. The gsusygtion line is
connected to the supply tank, which is positioned at the supply silay listoground
level. A supplier of chemicals used by the processingt flas advised that the raw
chemicals can be supplied in truck-mounted containers andeuliout directly from #
trucks, without unloading of the containers to the grothreteby saving time and money.
As a result, a suction level is now higher, and, sind¢kimg different was done on the
discharge side, the net static level (discharge level mimtsos level) has decreased
from the original 60 ft to 20 ft. All other variables, inding the valve setting, remain
the same.

A new system curve move, is showrHigure 22 and intersects the pump curve at a
higher flow (65 gpm) and a lower head (80 ft). The pump operates at the run-out, to
the right of the BEP, and the efficiency dropped from its BEP vali&%fto 68%, as
shown on the efficiency curve.

The equation for the system changed only with regard to a statigshead

=20+0.014Q

Hsystem

(i.e., 60' changed to 20", but the valve constant k = 0.014 rech#die same, for the
same valve setting).

A few weeks later, a plant started to process a new chiemgigairing only 30 gpm
flow. A discharge valve was closed, forcing the purack along its curve. At 30 gpm, the
pump is developing 105 feet of head, and is operatiftefficiency (se&igure 23.
The higher value of head is not important, and does not affect toespr It is
anticipated that the plant will continue to produce & ohemical for a long time, and a
plant manager had expressed concern about the pump apeatatiow efficiency.
Operators also noticed that other problems with the pumsthaed to crop up: higher
vibrations, seal failures, and noise, emanatingn femmewhere near the suction end of a
pump, which sounded like cavitation. The issue lpectd maintain 30 gpm flow, but in
such a way that the pump would still operate at the BEP. Thihe is similar to the
problem in Quiz #2.
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80
70
75%
60 2
A 68% 50 %
40 3
140 302
20w
120] 113 \ ,
10
LN 5
100 94 [
=
"8 80’
D
=
0 System
Change
6
0
4
0 1 L L L 1 L L
0 10 20 30 40 50 60 70 80
2 Flow, gpm
0
0

FIGURE 22 P;: original operating conditions (Q = 50 gpm, H =)94
P,: system static head changed from 60' to 20', causing the fouran out to Q =
65 gpm, H = 80 (Note efficiency drop.)

An engineering consultant has recommended to tenimpeller outside diameter
(OD), claiming that the pump BEP would move in certain priipn to the impeller
cut: flow would move in direct ratio with a cut, and head would changesasiae
of a cut, similar to the relationship of flow andad with speed. A plant engineer was
skeptical about this, asked to see actual calonktbased on the first principles using
velocity triangles, which he learned from the pump hydcautiourse he took the
previous year. The consultant made the analysis, dod bee his reasons.

Since the discharge valve setting remains the same, the systemndo@s not
change, but the pump curve would change. The new BEBsn® be at 30 gpm,
and the system curve shows 45 feet of head (whichbearead from the system
curve inFigure 24or calculated from the system curve equation establishddbr).
Therefore, the impeller OD cut would need to be such that, at 30igprauld
produce 45 feet of head. This requires several iterations fitst iteration, try a
10% cut:

8 x 0.9 =7.2", new impeller OD ¢p
Then,
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75%
60% 8%

140

120

0 10 20 30 40 50 60 70 80
2 Flow, gpm

FIGURE 23 Valve closing caused system curve to intersect pumpeirview point. Pump
operation point moved from Q = 65 gpm, H =,80 Q = 30 gpm, H = 105 Pump is now
operating to the right of BEP, at 60% effiCiency.

75%
‘ 75%

4
0
0 10 20 30 40 50 60 70 80
2 Flow, gpm
0
0

FIGURE 24 Impeller cut. System curve is as original, allowing pump to operateRt Biiich



moves from 50 gpm to 30 gpm efficiently. (Actually, efficiency will she slight decrease, 2 to
3%.)
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_ 72x1800_
229

Uz 565ft sec,

2

2
no=n Dzb2 =314x72%x025=57in,

30x0321 17
V =———=17ftlec, V =565-—" =519ftkec,
m2 57 02
tan 20 °
W 2 519x565
i= = =01 ft,
9 9

and
~ 91 x 0.85 = 77 ft 45 ft.

Hactual
A guessed cut is insufficient, since the impeller is generating too much headyNow t

25% cut:
8 x0.75=6.0" (new impeller OD).

Then,
60 x1800

2="""559 =471 ft/sec,

A =n1x60x025=47inz,

_ 30x0321
: 60

=16 ft/sec,

Vo= 471- 16 =427ft gec,
2 tan 20 °

_ A27x 471 _
g

Hi 62 ft,

and
~ 62 x 0.85=44".

Hactual
It is now close to the required H = 45'. The remainderhef ¢urve could be
constructed similarly, using several flow-points alotig performance curve, except
the shut-off. The approximate new impeller curve is showo ais_.
op P Figure 24 The

efficiency is preserved at approximately 75%, which madepllwet manager happy.
In reality, efficiency would drop slightly when BEP moves toward theel flow
(and increase when the opposite is done) toward the higher fleavadthal cut is
also exaggerated- 25% is too much and is only used here to illustratpiineiple.
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Usually, a 10-15% cut is maximum. Beyond that, a pump effasi begins to suffer
appreciably, due to the fact that the impetlese$ its blades.

The solution worked, but the plant engineer k&lll an issue with the consultant.
He pointed out that the impeller cut was 0.75 &)/ the flow changed by 0.6 (30/50),
and the head changed by 0.56 (45/94) (i.e., bothdind head changed almost as a
square of the cut: (0.75 .56)). Yet, the consultant claimed the flow wbohange
linearly. Both were right, for the following reason: theimadly, both flow and head
should indeed change as a square of the OD ctdjase easily seen from the change
in velocity triangles. With the change of OD, peripheral velocity changeeeict d
proportion (se&igure 29, and the tangential component does the samedén 0
preserve the relative and absolute angles: maintain BEPhehgdraulic losses are
minimized (matching the flow to the blades as leefbe cut). The incidence of absolute
velocity at the volute tips must also be similar (i.e., maintaining directguch
preservance of the velocity triangles at the discharge is, indeed, thigyAffiov.

V9A
VQB
VmA
V
mB - B B
up
ua b
| oD
Cut
f = ODg/ODa4, cut
Us = fUA
Ve = Mgy ¥7T&I5 f}/ﬁ’*—' fA ,if b = const.
Ams A mA
(vu) 2(
Heg = TR T8 =2 x Ha, Q6 = VingAmg = FVmafAma = PQa
g g

b b
But f b# const. (e.g., b= T ), then: Avs = 1Dabs = 7(fDA)( T ) = Ana, and G = fOn

FIGURE 25 Effects of the impeller cut.
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Therefore, all velocities are reduced linearly with the ratib. The meridional area
(as well as relative area) chandasarly since the diameter is decreased, but the width
is not. The product (i.e., flow) of meridional veity multiplied by the area, therefore
changes as square of the cut. This is what the plant engineer had observed. The
reason for the consultdstclaim that flow islinear with the cut is thatusually, the
impeller width also changes (it gets wider). Thimmge compensates for thecrease
in the diameter, with the resulting area staying approximatelyséime. The product
of the smaller velocity and constant area would therefore produce the fliowar
relationship.

It has been found empirically that the reduction in the impeller dianetels
to follow, in practice, a relationship similar to affinity law for theeg changes:

Q~O0D (31a)
H ~ O (31b)
BHP ~ OD. (31c)

The above relationships were proposed by A.J. Stepanoff and are valia fo
considerable range of specific speeds, except for very high otoverympellers of
very low specific speeds have narrow impeller width, which stays nearly cofstan
considerable distance away from the OD. T specific speed designs have short
blades, which are more sensitive to a cut, causing them to deviate fromotre ab
general rule.

Quiz #3 — A VALVE PuzzLE

Why was the valve throttled so much to begin with? (Hint: Did we jusituse
illustrate themechanism of flow/pressure restriction?)

Answer to Quiz #3:

A valve was used for illustration purposes only, in order to simulatbyttiraulic loss.

It just as well could have been any equivalent length of pipe frictiortalélew of
viscous fluid in a long pipe of small diameter.ddfirse, in a real situation, you should try
to keep the valves sized properly, keeping them in the most operoppsitiavoid
unnecessary losses. For flow control purposes andagw ef illustration, a valve can
be opened to mathematically reduce system losses, apdrtigeruns out in flow; but
the friction loss cannot b&urned off’ (i.e., it would be more difficult to illustrateeh
concept).

UNDERFILING AND OVERFILING

Underfiling (seeFigure 2§ is a way to achieve modest (3 to 5%) gain in h&e.
increased exit area causes a reduction in impeller relative velocity andreasan
tangential component,,V
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Vop

le—V0

Removed Metal

B28  B2a

hg = ha

Underfiling: hs > hA, BZB > BZA, Voog > Vigoa, Ax = hxb x Z,

\VAu VU
e O 09,
B A_
g

9
Overiiling: The net area between blades does not chaaged.appreciable change in head
(except slight, due to smoother blades, improved efficlency

FIGURE 26 Underfiling and overfiling of blade exits.

WzAQ, Vo=U-W x cosp (32)

which causes head increase for a given flow. This also can be vievfi¢igeaexit angle
was increased via underfiling. These two views of the same resultiegt eéflect
different approaches to pump hydraulics by the two traditional schodisoaght:
Anderson (area method) vs. Stepanoff (angles)eE#ipproach, if followed correctly,
leads to the same results.

Overfiling is a technique to increase the efficiencies (though stpdg making the
exits smoother. Notice that the exit area does not changebthleaving no effect on
head-capacity curve. (In actuality, a slight improvement dadhdoes occur due to
lowering friction and reduced exit turbulence.)

DESIGN MODELING TECHNIQUES

When designing a new pump, a designer has two choices: to desigrcfedoh sor to
model from other available (similar) designs.
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“Blank piece of papé&rdesigns are rare, and are developed for special atpiis
and extreme or unusual conditions. Computer programs on CAD the disposal of
pump hydraulic design engineers, and are oftendrréalm of the R&D departments
specializing in such activities.

A much more conventional approach is usirgleling techniques,*

Q-~S (33a)
H~g (33b)
BHP ~ S (33c)

where“s” is a linear scaling dimension of all linear dimens (i.e., multiple of the
diameter, width, eye size, etc.). The deviation of Equation 33 is\deiie scope of this
book, and is therefore given for reference only.

SPECIFIC SPEED (Ns)

Pump Specific Speed is defined as a dimensionless parameter, equal to

Ns =RPM0>;5.ﬂ, (34)

H

where Q = gpm, and H = feet. The question is sonestiasked;'Why do we call the
Ns ‘dimensionless, when in fact, by direct substitution of values,dites have a
dimensional property?This property is true and can be shown by straigbstitution:

i2 i 3 ho
11 0 [lgalll —ft—
RPMx \/gpm _ I'min (' x I min gal xr 0
075 - 34 = /32 A
ft ft min  xft
32 34

= (dropping off the constanjs=—— :i + unity=1
min  ft**  min
However, if aconsistent set of units is used, including a gravitational constgrit
then a nondimensionality can indeed be demonstrated:

1 3/
T\ ft/sec ft 32 1= unt -
Q=N jEsec T = , —1=unity (35)
(gH) [+t 32 —ft-
L, ft sec
s I
0 Use [
c
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Here Qg is nondimensional and is called“aniversal specific speedPump efficiency
depends on specific speed and flow, as illustiat€dyure 27
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FIGURE 27 Pump efficiency as a function of specific speed émad.f
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Gear Pumps —
Fundamentals

Gear pumps belong to a positive displacement rotary group, anchade by
enclosing two or more gears in a close-fitting housing.ri&ed turns a shaft
connected to one of the gears, causing it to rotate. This gear dréveshir gear
through the meshing of the teeth of the two gears, just as with pgoavsmission
gears. As the gears rotate, on one side, the teeth are comingf enesh with each
other (sed-igure 28. As a tooth is pulled out of the space between two tefethe
other gear, it creates a vacuum. Since the housing farseal all around the set of
gears, the liquid that rushes into this space to fill this void has teeda through
the pumps suction port. Once the spaces between gear teeth are filled with lig
the liquid rides in these pockets, trapped in place by the housing, until ieseach
the discharge side of the pump. The liquid stays in place betweeedth until it
reaches the other side of the gear mesh, where the teetloraing together. Then,
when a tooth from the other gear comes into the space lmetivedeeth, the liquid
there is forced out. Since the housing still forms a seal aroundetirs, ghe only
place for the displaced liquid to go is out the pisndischarge port. The pump thus
operates like a conveyor belt, with the pockets of lig@tiveen the gear teeth being
picked up at the gear mesh, carried to the other side, and droppadtioff other
side of the mesh.

There are two basic types of gear pumps: external and internal. External gear
pumps usually have two gears with an equal number of tethe outside of each
gear. Internal gear pumps have one larger gear tivithteeth turned inward, meshing
with a smaller gear with external teeth. If the larger gear has one toothtimaore
the inner gear, the two gears form a seal by themself/¢se larger gear has at
least two teeth more than the smaller gear, then a cresdwmped projection of the
housing goes between the two gears to help form a seal. Theirapgnanciple is
the same for all of these types of pumps, and they operate in similanfash

The displacement of a pump is the volume of liquid moved in those pockets
between gear teeth. It is the theoretical output of the pump before a®g lase
subtracted. The instantaneous mode of displacewzgi@s slightly as the teeth move
through different positions in the mesh, so disghaent per shaft revolution cannot
be calculated exactly. However, there are some gmmioximations. For example,
if the cavity area between the gear teeth is assumed to be approximatelyoequal
the area of the teeth themselves (i.e., a cavity is an inverse dhy then the

0-8493-??7?-?/97/$0.00+$.50
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OUTLET

External gear Internal gear

Root diameter circle

OD diameter circle (D)

l center distance

N . s v
Pitch diameter (gear contact) circle

Addendum = radial distance from the pitch circle

D.-D
and OD circle (ﬂ ='_d4 . )

Dedendum = radial distance from the pitch circle
. Dy Dy
to the root circle (b = —%—l)
FIGURE 28 Different types of gear pumps, with geometry illustrations.
displacement per revolution would be equal to tblime occupied by half the space

between the gear addendum (outside diameter) and a root diameter, mudiiptieal
(to account for two gears), times gear width:

_T 1
Q—Z(DDz— f)x;xsz(nB/rev); (36)
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or, simplifying and dividing by 231, to converffirev to gal/rev:

2 2
g = 00034x (Da-DryW, (37)

where
g = displacement (gallons/revolution)
Da = gear outside diameter (inches)
Dr = gear root diameter (inches)
W = gear face width (inches).

This formula assumes that both gears have the satsiele diameter and number of
teeth. The addendum of gears for pumps is often extended wheraresahio power
transmission gears. This is to increase the pandisplacement. Gears with smaller
numbers of teeth have larger addendum for a given adistance. So, mogear pumps
have 12 or less teeth on the gears. Examples of gears with vanimbsrs of teeth,
pitches, and sizes are showrfFigure 29

FIGURE 29 Pumping gears with different number of teeth (Z), pitch diametegs énd
pitches (Z/B).
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Some pumps have as few as six teeth. This is about the minimueldtvely
smooth power transmission between gears. Lobe pumps are singiartoumps with
two or three teeth, but they use separate timing gears, outsideliofutild, to transmit
power from the driving to the driven shatft.

QUIZ #4 — GEAR PUMP CAPACITY

A plant mechanic has measured the pump gear at the repair shop:

= Gear OD = 3"
® = ID (root) = 2"
Width = 4"

Predict how much oil this gear pump will deliver at 1200 RPM.

SoLuTioN To Quiz #4

Using Equation 37

2 2
q=00034x (D2~ D) W=00034( 3-2)x 4=007gal fev,
Q=qgxRPM =007 %1200 80 gpm.

Slip is the difference between the theoretical flow (dispment x speed) and actual
flow, assuming that there is no cavitation. Slip is the leal@diquid from the high
pressure side of the pump back to the low pressige. There are a number of
separate slip paths in any gear pump, including any lifpoich the outlet of the
pump that is bled off to flush a seal chamber or lubridsearings. Three paths are
common to all gear pumps: between the ends of thesgmd the endplates (known
as lateral clearance), between the tips of the gear teeth and the infidecasing
(known as radial clearance), and between the psofif the meshing teeth. The slip
through this last path is very small and is usuglred.

Slip varies strongly with differential pressure awvidcosity and, to some extent,
with speed. Slip is directly proportional to differentiabgsure. It varies inversely,
but not proportionally, with viscosity. Slip varies agyatically with viscosity,
approaching zero slip at high viscosities. This means that at lowsitiesp small
changes can mean large differences in slip. Slip varies inversely vedd gp a
small extent, but this is normally ignored, anddimtons are made slightly conser-
vatively at higher speeds. There is also a strefgfionship between clearances and
slip. Slip, through a particular clearance, varies directith ihe cube of that
clearance. This is similar to the oil flow in a hydrodynamic bedriagd, indeed,
the interaction between gear ends and the casing walldarplate) is also similar,
producing a like hydrodynamic bearing effect. This means that ifdguble the
lateral clearance, you will get eight times as much slip through kbataoce. The
percentage of slip through each slip path varies with puesigd, but in most gear
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pumps, over half of the slip goes through the lateral clearance; théxasise it is
usually the largest clearance and it has the shortest distancénifybnto low
pressure. This is why some high pressure pumps eliminatallatearance
altogether by using discharge pressure to hold movable endplates againat tlaees
while the pump is running.

CAVITATION IN GEAR PUMPS

Cavitation is the formation of voids or bubbles in a lijas the pressure drops
below the vapor pressure of the liquid in the ptsnmlet. These bubbles then
collapse when they reach the high pressure side of the plinip.collapse can,
over time, damage the pump and erode hard surfaces. Cavitatiaas Gaulsop in
output flow that can sometimes be mistaken for slip, but cavitatiorusaally be
identified by its distinctive sound. Significantvitation will usually sound like gravel
ratting around inside the pump. A rule of thumb is that the liquid velaoitthe
inlet port should be no more than 5 ft/sec for low-requiredntettpressure.

When pumping viscous fluids, the rotational speed of the punmgt fme such
that the fluid has enough time to fill the voids betweeargteeth at the inlet. In
other words, the pump can only move the fluid outhiére is sufficient suction
pressure to push the liquid into the pump inlet. Otherwise, the voids af#élatbt
completely, effectively reducing actual flow through the puifiperefore, minimum
allowable suction pressure depends on the rotating spesed(m@tch diameter),
number of gear teeth, and viscosity of the fluicdh @mpirical approximate relation-
ship, based on chartg:is

v 0826 009
Pmin = M’L ( pSia) (38)
614

where

Dp x RPMx313.

Vp = - (infmin per tootHh,
and
Z  =number of gear teeth

Dy = pitch diameter (inches)
SSU = viscosity.

Therefore, pump suction pressure must be greater thamitfimum allowable
value. If this condition is not maintained, the pump flaill decrease, accompanied
by noise, vibrations, and possible damage to the eguipnThe cavitation damage
in gear pumps, however, is not as severe as in centrifugal pumpisallyy gear
pumps are used for oil and similar liquids whiclvéna significantly lower cavitation
(boiling) intensity. The resulting bubbles implddes vigorously than in the case
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of cold water, and their impact against the equipnseirtternal boundaries is,
therefore, less severe.

TRAPPING METHODS

As the teeth mesh, they can form closed spaces wehnergair of teeth come together
before the pair ahead of them has broken contact. This closed spaeasdsdn
volume as the teeth continue to move, and the liquid trapped insideasm very
high pressures and come out through the psrfgieral clearances at extremely high
velocities. This damages the pump by eroding the endplategeans; it also causes
excessive noise and power consumption by the plmgpping problems are worse
at high speeds and high pressures. Two methods are upeslvémt trapping: helical
gears and grooves.

Helical gears have the teeth twisted around the gear in a helix, so tihabaegth
can only be in contact at one point. The trapppddican move axially along both teeth to
escape the mesh.

Grooves in the gears or endplates are used to providpessoutes for trapped
liquid. Grooves in endplates must be open to the trappkane until it reaches its
minimum size, and then another groove opens to the trapped sjiizegasdsagain.
The two grooves must stay far enough apart so that a tooth is alwhgsneen
them to ensure there is never an opening from faldischarge which would increase
slip.

LUBRICATION

Journal bearings are the simplest type of bearing used in pumps. Eheftear
called sleeve bearings because they are basicalgewve that the shaft fits into.
However, they are the most critical part of appyanpump to a particular application
because they do not depend on rigid, mechanical parts for operatioom buself-
forming hydrodynamic film of liquid that separates the mgwand stationary parts.

A journal bearing can operate in three wayArst, it can operate with the shaft
rubbing the bearing; this is called boundary lubrication. Sedbedshaft may form a
liquid film that completely separates it from the shaft; this is cafelddaynamic film
operation. And finally, the third and most common mode is mikedléibrication;
this is where parts of the bearing and shaft are separateajbidefilm while other
parts are in rubbing contact.

Boundary lubrication occurs at low shaft speed®owr fluid viscosities where the
strength of the liquid film is insufficient to support tbadl on the bearing. Since the parts
are rubbing under load, they will wear. Limits hdeen established that attempt to keep
this wear down to acceptable levels. The limits are bas#te@mount of heat that can be
removed from the bearing surfaces actually in aintand on surface chemistry
interactions between the shaft, bearing, and ligB@lundary lubrication is often called
“PV-lubricatior’ because the bearing load per unit area (P) amdl#ize velocity between
the parts (V) are the factors. Typically, the fallog values are used to estimate load
capabilities of various bearing materials:
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Material PV-value (psi x ft/min)

carbon 120,000
bronze 60,000
iron 30,000

plastics 3,000

Hydrodynamic operation is different from boundary luttiarain that the bearing
material is not important, and the viscosity instead of the chemistryediqgiid is
important. Bearing clearance also becomes a very impdatzot.

Roller bearings are often used on gear pumps where journal bewiihgemt
work because of high loads, low speeds, or low viscositiee. Bearing manufac-
turers recommendations should be folloWéd applying these bearings, except that
most bearing manufacturers do not have information on bearirigrmpance with
lubricants below 150 SSU. In the absence of antetbgtformation, use the following
rules of thumb:

« Liquid viscosity above 5 cSt- use full bearing catalog rating
« Liquid viscosity 5 to 2.5 cSt- use 75% of catalog rating
« Liquid viscosity 2.5 to 1 cSt- use 25% of catalog rating

(Note' ¢St = viscosity in centistokes)

It may seem surprising, but the ends of the gears usually opethtéydro-
dynamic lubrication. The loads here are generally lowmd the teeth form an
excellent type of thrust bearing calledsrgp thrust bearing. Wearplates can be used
between the ends of the gears and the housing when the combivfagear and
housing material could cause wear or galling probleGalling is wear by adhesion
of material from one part onto the other and is charatic of stainless steel sliding
against a similar metal under load. Wearplates can also be used when there is no
hydrodynamic film on the ends of the gears. The pladées will then be made
from a material with good boundary lubrication characteristics, such asncarb
bronze.

Wear seldom occurs to the teeth of steel or cast iron gears unlessatber
abrasives present in the liquid, or when the gear teeth are heavily loatdiedean
material that they are made from does not have thength necessary to resist
deterioration of the tooth surface. Even with very low viscosity lgjutle loads
on the gear teeth are normally low, and the conimdéhtermittent, so boundary
lubrication is adequate. However, stainless steel gearsraly exhibit severe wéar
unless a full liquid film separates the teeth. Any particular pump aftairc speed
will have a liquid viscosity below which the gears will betyirgall.

The choice of materials greatly affects the point where galling begins. Some
materials are restricted to use only under futhflubrication conditions, while others
can operate down well into the mixed film region withguoblems. Hardened
martensitic stainless steels, particularly 440C, have goodamsesto galling. 440C
can be run against itself and is no more likely to gall thdvocesteel. The other
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extreme is 18-8 austenitic stainless steels, like 304 or 316. These wilthgailrun
against themselves or each other if there is any contact at all between the gears

USER COMMENTS

The following are some direct comments on various typestafy pumps made by
the users interviewed at the chemical plants,&sgbe it:

ExternaL GEAR Pumps

Workhorse of the industry, applied mostly for low capaeibd high pressure. Range
of viscosities is very wide: from lube oil to one mifl SSU. Application issues include
close clearances between the gears and casing. @eaia immersed in product and
are therefore product lubricated, which makes them produsitise. Both extremes

of viscosity (very low and very high) may present loation problems. Seal chambers
are restrictive, since gear pump manufacturers are ray beginning to come up with

large sealing chambers- something centrifugal pump manufacturers have addde

5 to 10 years ago. Due to these sealing chamber siz&tiess, some standard

mechanical seals may not fit in these pumps, without spdein alterations. Gear
pumps are often noisy in operation, and generate fldsapons downstream.

Flow control of all positive displacement pumps i4 as straightforward as for
centrifugals. However, recent advances in varidtdquency drives (VFD) make such
method of flow control convenient, and relatively inexpensive. It alkmwvs wiring
the VFD signal to the operator control room, for remote obatrd monitoring.

Abrasive applications are an issue, just as forahgr pump type. To combat abrasion,
speed should be decreased, because wear is expbmétitisspeed. Coatings include
carburizing (low carbon steel), nitriding (alloyeffe or exotic materials (nickel alloys).

Cavitation is not a big issue for gear pumps, fanynreasons. First of all, they typically
operate at lower speeds. Second, ‘thesitive filling” of the inlets makes them less
sensitive to flow non-uniformity, separation, and bkxkf— which is a very serious factor
for centrifugal pumps. Third, gear pumps typically puoifs, and similar fluids, the
properties of which are such (e.g., latent heat of vaporization,cthdring the intensity
of cavitation damage, is much lower) that even if cavitatioes occur, the damage to the
internals is less.

The necessity to have the relief valve (internal in-builtexternal) is a limitation.
Without a relief valve, very high discharge pressures may resuttagiag the pump
or connecting piping, as well as cause safety issues. Therefoediefavalve must
always be present. The integral relief valve, which sad of a pump, is not designed
to regulate the flow, but only relieves occasional overpressureg fonited time. If
the relief valve opens, and the equipment is not shut-dmhatively soon, or the
problem is not corrected otherwise, fluid overhmgattould result in a matter of minutes
or less. Attention to relief valve operation isywenportant.
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INTERNAL GEAR Pumps

Designed for low pressure at low speed. Drive gear is catjles. between-bearings
arrangement of external gear pumps. A cantilever desgquires a bigger shaft, to
minimize deflections. This may shorten seal life.

These pumps are simple to assemble and repair, with littténgaiand, when applied
appropriately, can do the job well and inexpensively.

The issues are similar to the external gear pumpslose clearances, with possibility of
contact, wear or galling, if stainless construction (in which case laésspmade from
carbon or bronze are required). In general, issues, benefits, araditingtare similar to
those for external gear pumps.

Svibing VANE Pumps

These are mainly applied for low viscosity liquids. However, pompube oils and
gasoline is not uncommon. Vanes slide (i.e., adjust) to compemsatefr and are
easy to replace. If not replaced on time, however, vanes ean aut to the point of
breakage, causing catastrophic failures. Preventative maintenance, réhesbifould
include vane replacement, and should be done ataregestablished intervals. Vanes
are available in softer or harder materialsas required for various liquids, for mildly
abrasive and corrosive applications. However, very littkeeld@ment work seems to
have been done in vane material, and manufacturers shouldcberaged to do so.
These pumps can be extremely noisy at speeds over 300 RP

Lose Pumps

Similar to external gear pumps, but they require rigngears since the lobes are
designed for no contact and do not transmit torque. Ocedsiomtact can happen in
reality, as differential pressure deflects the shafshjng gears to rub against the casing
walls. Larger and stiffer shafts minimize such deflections, to gmiegear contact.
Information about the rotorsleflection with differential pressure can be obtaifretn
the manufacturer, or estimates can be done by the plant enginebes.pumps are
good for high displacements (flows) and low presapplications, and are often used
for blowers/vacuum applications, as well as fogoliegtions.
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6 Multiple-Screw Pumps

Rotary screw pumps have existed for many years and are mametaeround the
world. More demanding service requirements impose chakemy screw pump
manufacturers to provide higher pressure or flow capabbigter wear resistance,
improved corrosion resistance, and lower leakage emissions. Better matadals
more precise machining techniques as well as engimgénnovation have led to
improvements in all these areas.

The first screw pump built was probably an Archimedesgdessed to lift large
volumes of water over small vertical distancesy taee still manufactured and used for
this service. Toddyg three-screw, high performance pump can deligaids to pressures
above 4500 psi and flows to 3300 gpm with long-teetfiability and excellent
efficiency. Power levels to 1000 hp are available. Twin-sqgremips arewvailable for
flow rates to 18,000 gpm, pressures to 1450 psi, and can ltandisive or easily
stained materials, again at good efficiencies. Power ranges to 1500 hp aperéieal
applications.

In multiple-screw pumps, each wrap of screw thread effectivelpyda stage of
pressure capability. High pressure pumps have 5 to 12sstagwraps where low
pressure pumps may have only 2 or 3 wraps. Thisedtggessure capability is
illustrated inFigure 30 More wraps are incorporated in pumps designed forehigh
pressure service.

THREE-SCREW PUMPS

Three screw pumps are the largest class of muliiglew pumps in service tod®hey
are commonly used for machinery lubrication, hydraulic elevators, ifutedisport and
burner service, powering hydraulic machinery andréfinery processes for high
temperature viscous products such as asphalt, vacuum lottems, and residual fuel
oils. Three-screw pumps, also are used extensively de@ilipipeline service as well as
the gathering, boosting, and loading of barges and ships. Téep@mon in engine
rooms on most of the worlslcommercial marine vessels and many combat ships. Subject
to material selection limitations, three-screw pumps aewed for polymer pumping in
the manufacture of synthetic fibers such as nylamh Igora. Designs are available in
sealless configurations such as magnetic drives and canned arraisgseeigure 3).

The magnetic drive screw pump is used extensively for pumping isocyanate,
plastic component which is an extremely difficult fluid to seal using cdioreat
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PRESSURE RISE

WRAPS

FIGURE 30 Staging effects of multiple-screw pumps. (Courtesy of IMO Pump.)

WET STATOR MOTOR

INTEGRAL PUMP/MOTOR,
SEALLESS 2 SCREW PUMP

FIGURE 31 Three-screw canned motor pump. (Courtesy of IMO Pump.)

technology. Three-screw pumps are renowned for their low noisas]eltigh
reliability, and long life. They are not, however, very low cost mgimp

DEesigN AND OPERATION

Three-screw pumps are manufactured in two basic styles: single satiotiouble
suction (sedigure 32.
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SINGLE SUCTION DOUBLE SUCTION

FIGURE 32 Single and double suctions three-screw pumps. (Courtesy of IMO Pump.)

The single suction design is used for low to medium flow ratefoantb very high
pressure. The double suction design is really two pumps paralle icesing. They are
used for medium to high flow rates at low to mediuespure.

Three-screw pumps generally have only one mechanical shaft seah@ndro
perhaps two, bearings that locate the shaft axially. Internehbiljclbalance is such that
axial and radial hydraulic forces are opposed and cancelather. Bearing loads are
thus very low. Another common characteristic of theeeew pumps is that all but the
smallest low pressure designs incorporate replaceaéts In which the pumping screws
rotate. This simplifies field repairs.

The center screw, called the power rotor, performshallpumping. The meshed
outside screws, called idler rotors, cause eachdidpailding chamber to be separated
from the adjacent one except for running clearances. This effecilN@lys staging of
the pump pressure to rise. Because the center screw is performiing alimping
work, the drive torque transferred to the idler rotors is only necessanjercome the
viscous drag of the cylindrical rotor spinning within its lindearance. The
theoretical flow rate of these pumps is a functibismeed, screw set diameter, and
the lead angle of the threads. Flow rate is a function of the @iutbee center screw
diameter. Slip, however, depends on clearances, differential peesand
viscosity, and is only a square of the power rotor diam@&tas results in larger
pumps being inherently more efficient than smaller pumps, a fact thiéésafp most
rotating machinery.

Speed is ultimately limited by the applicatisrcapability to deliver flow to the
pump inlet at a sufficient pressure to avoid cavitatibnis is true of all pumps.
Three-screw pumps tend to be high speed pumps, noteuodihktrifugal pumps.
Two-pole (3600 RPM) and four-pole motors are most coniynused. When large
flows, very high viscosities, or low available inlet pressures dictate, slowed spee
may be necessary. For example, some polymer services handle liquid G20250,
S3J or more. Three-screw pumps on such service would typically betepen
the 50 to 150 RPM range. Gas turbine fuel injectiervice would more commonly
be in the 3000 to 3600 RPM range since the fuels tend to be loisciosity (1 to
20 centistokes), and the pump inlet is normally boosted pmsitive pressure from
a fuel treatment skid pump. The high speed operatidesgable when handling
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low viscosity liquids since the idler rotors generate a hydrodynamic fidmidh their
load zones that resists radial hydraulic loads, wémjilar to hydrodynamic sleeve
bearings found in turbomachinery.

In order to achieve the highest pressure capability from three-screwspitm
is necessary to control the shape of the screws while under hydraulicTtgads
best achieved by the use of five axis NC profilendimg which allows complete
dimensional control and a high degree of repeatability. Opposeting of the idler
rotor outside diameters on the power rotor root diameter dictate that thészesu
be heat treated to withstand the cyclic stresses. Profiladhgending allows the
final screw contour to be produced while leaving the rotors dpaitd, on the order
of 58 RC (58 on the Rockwell C scale). This hard surface better resiatsvabr
wear from contaminants.

Because some three-screw pump applications range to messud500 psi,
pumping element loading due to hydrostatic pressare be quite high. Without
hydraulic balance to counteract this loading in one or two planesngdaads
would be excessive and operating life shortened.

Single-ended pumps use two similar, but differaathniques to accomplish
axial hydraulic balance. The center screw, called a poat®r, incorporates a
balancing piston at the discharge end of the screw thread-igee 33 The area
of the piston is made about equal to the area of the powerthotad exposed to
discharge pressure. Consequently, equal opposicgsf@roduce zero net axial force
due to discharge pressure, and place the power rotor in tension. The ipadémce
rotates within a close clearance stationary bushing, which may be hamiehard
coated to resist erosive wear. The drive shaft side opidten is normally internally
or externally ported to the pump inlet chamber. Balarekdge flow across this
running clearance flushes the pump mechanical seal whiohims at nominal pump
inlet pressure. The two outer screws, called idler rotors, lese their discharge
ends exposed to discharge pressure. Through various emrants, discharge pres-
sure is introduced into a hydrostatic pocket area at the inlet end of theoidies r
(seeFigure 33b.

The effective area is just slightly less than the expaistharge end area,
resulting in approximately equal opposing axial forces on the idlerstothe idler
rotors are therefore in compression. Should any force cause the tdietaranove
toward discharge, a resulting loss of pressurepngadin the cup shoulder area or
hydrostatic land area, tends to restore the idler rotor to its design rymwsitpn.
The upper view irFigure 33bshows a stationary thrust block (cross hatched) and
a stationary, radially self-locating balance cup. Discharge pressure is biotaght
the cup via internal passages within the pump or rotor itself. The laewershows
a hydrostatic pocket machined into the end face of the idler rotimo is fed with
discharge pressure. The gap shown is exaggerated and is actuatligarergro.

For some contaminated liquid services, the hydtmsend faces of the idler
rotors are gas-nitride-hardened or manufactured frolid $angsten carbide, and
shrink fitted to the inlet end of the idler roto¥hen the cup design is used, the cup
inside the diameter and shoulder area are normally gas-nitride hardened. Both
techniques are used to resist wear due to the fine contaminants.
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FIGURE 33 Hydraulic thrust balancing. (Courtesy of IMO Pump.)

In a radial direction, three-screw pumps achieve power rotor hydralgicdedue
to symmetry. Equal pressure acting in all directions withingesba wragpresults in
no radial hydraulic forces, since there are no unbalanced areagowhe rotor will
frequently have a ball bearing to limit end float fmoper mechanical seal operation,
but it is otherwise under negligible load. Idler rotor radialabce is accomplished
through the generation of a hydrodynamic liquid film, and operatélastma journal
or sleeve bearing.

The eccentricity of the rotating idler rotor sweeps liquid into a converging
clearance resulting in a pressurized liquid film. The film pressure actheoiler
rotors outside diameters in a direction opposing the hydraulicgherated radial
load. Increasing viscosity causes more fluid todbegged into the pressurized film,
causing the film thickness and pressure supporting capalalityctease. The idler
rotors are supported in their respective housing bores on liquid didshave no
other bearing support system. Within limits, if differential pressuceeases, the
idler rotor moves radially toward the surrounding $iog bores. The resulting
increase in eccentricity increases the film pressure and maintains radial bdlance o
the idler rotors.

In three-screw pumps, inlet pressure above or below atrads pressure will
produce an axial hydraulic force on the drive shaftmost pump applications, pump
inlet pressures are below, or slightly above, aphesic pressure so the forces
generated by this low pressure acting on a smell are negligible. However, if the
application requires the pump to operate at an elevakedpressure, from a booster
pump for example, then inlet pressure acting on the inlet end of the potweris
only partly balanced by this same pressure acting on the stiafothe balance
piston. In effect, the area of the power rotorhat shaft seal diameter is an unbalanced
area. This area multiplied by the inlet pressure is the resulting axial loaddtowar
the shaft end. When specifying pumps, it is important torlglestate the maximum
expected inlet pressure so the pump manufacturer can tresifpading. Several
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reliable methods are in use to carry this load, including antifrictionrgeauch as
double extending the power rotor out the inlet end of theppivhich adds a second shaft
seal) or sizing the balance piston to counterbalance thisfasce.

As versatile as three-screw pumps are, they are not suitable for some applica-
tions. While many advances in materials engineering are taking placstatbeof
the art for three-screw pumps is such that very corrosion-resistantiadsatsuch
as high nickel steels, have too great a galling tendenog.rdtors of three-screw
pumps touch, and thus any materials that tend to gall are unsuitaifortunately,
this includes many corrosion-resistant materials. Viscoditieslow to allow hydro-
dynamic film support generation are also application areawliech the three-screw
pump is not optimal.

TWO-SCREW PUMPS

Generally, two-screw (or twin-screw) pumps are more costly to peothan three-
screw pumps and thus are not in as extensive use. They can, howeddz, ha
applications that are well beyond many other types of pumps, includieg-sorew
designs. Twin-screw pumps are especially suited to vevyalmilable inlet pressure
applications, and more so if the required flow rates are higtvicés similar to
three-screw pumps include: crude oil pipelining; refinery hot, viscoodugt pro-
cessing, synthetic fiber processing; barge unloading; fuel oilebwnd transfer; as
well as unique applications such as: adhesive manufacture; nitrocelxpkasive
processing; high water cut crude oil; multiphase (gas/oil mixtures) mgmpght
oil flush of hot process pumping; cargo off-loading with ballast watemasob the
fluids; and tank stripping service where air content can be hmghpaper pulp
production needs to pump over about 10% solids.

DesigN AND OPERATIONS

The vast majority of twin-screw pumps are of the double suction déssgrigure
34). The opposed thread arrangement provides inherent axial hydoaldicce due
to symmetry. The pumping screws do not touch each otitethaus lend themselves
well to manufacture from corrosion-resistant materialse timing gears serve to
both synchronize the screw mesh as well as to trarfsaffitthe total power input
from the drive shaft to the driven shaft. Each shaft effectivahdles half the flow,
and thus half the power. Each end of each shaft lapport bearing for the
unbalanced radial hydraulic loads. A few designsdethe bearings and timing gears
operating in the liquid pumped. While this results in aigmtly lower cost pump
design, it defeats much of the value that twin-screw gsutoring to applications.
The more common and better design keeps the timing gears and bestizysl
to the liquid pumped. They need not rely upon thwidating qualities of the pumped
liquid or its cleanliness. Four mechanical shaft seals keep these beamnthdiming
gears isolated and operating in a controlled environment.

Hydraulic radial forces on a two-screw pump rotor due to diffedepressure
are illustrated inFigure 35 The forces are uniform along the length of thenping
threads. These hydraulic forces cause deflettidmor which running clearance
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FIGURE 35 Radial forces in twin-screw pumps. (Courtesy of IMO Pump.)

must be provided in the surrounding pump body. Gredddlection requires larger
clearances, resulting in more slip flow or volumetric inefficiersy,“y” must be
kept to a minimum. Excessive deflection will cause damagbeassurrounding body
and/or contribute to rotating bend fatigue which will ultimately regulshaft
breakage. The following is the general form of the deflactiguation,
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3
y =F—x—t <radial clearance (39)
cxExI

where “F” is the summation of the hydraulic forcé€t,” is the bearing spanc” is

a constant;'E” is the shaft material modulus of elasticity, aid is the shaft moment
of inertia. The shaft moment of inertia is a function“@f*,” where“D” is the
effective shaft diameter. This equation is simplified and, in practicst mcount
for the varying shaft and screw diameters as they change along thie &énipe
rotor. If screw“shell$’ are not integral with the shaft, that is, not made feosingle
piece of material, then material differences as well ashattact schemes must be
factored into the deflection calculation. In any evenis itasy to see that the bearing
span,“L,” must be kept to a minimum to minimize deflection. The wf large
diameter shafts and screw root sections helps to maintaimuammdeflection.

Depending on the direction in which the threadsrmaaehined (left or right hand),
and the direction of shaft rotation, the pump manufactaes predetermine the
deflection to be in either of the two radial directions: up or downaftworizontal
pump. These radial deflection loads are absorbemligh externally lubricated anti-
friction bearings. Higher differential pressure producighédr radial loads or forces.
Smaller lead angles of the screw set reduce both these Izatial and the flow rate.
Larger lead angles increase both flow rate and radial loading. Beaiegusually
sized to provide 25,000 or more houf10,”® bearing life at the maximum allowable
radial loading and maximum design operating speed. Beadugs pumpage-inde-
pendent bearing system, two-screw pumps with external timéagsgand bearings
can handle high gas content as well as light eéhes, water, etc.

Twin-screw pumps are manufactured from a broadegerasf materials, includ-
ing 316 stainless steel. When extreme galling tendencies exist betwesenadi
running components, a slight increase in clearance igdee to minimize potential
for contact. In addition, the stationary bores in which the scretader can be
provided with a thick industrial hard chrome coatingickhfurther reduces the
likelihood of galling as well as providing a veryrtadurable surface for wear
resistance. Such coatings do, however, require thebiiépaof inside diameter
grinding to achieve finished geometry within tolegas. For highly abrasive services,
the outside diameter of the screws can be coated withugahiard facings to better
resist wear. Among these coatings are tungsten dmrlstellite, chrome oxide,
alumina titanium dioxide, and otherSigure 36shows a finished screw with a hard
surfaced outside diameter. The high efficiency grerfince is a clear advantage over
centrifugal pumps where liquid viscosity exceeds 100 SSU (20 censjtoker
pressures requiring two or more stages in a centrifugiapp multiple-screw pumps
frequently will be very competitive on a first cost basis as well. Operating liquid
temperatures as high as 600°F have been achieved irstnéw pumps for the
ROSE® deasphalting process (degure 37. Timing gears and bearings are force
cooled while the pump body is jacketed for a hot aitudating system to bring the
pump to process temperature in a gradual, controlled manner.-Sdiese pumps
have been applied to the same elevated temperature, oraocly on asphalt or
vacuum tower bottoms services in refineries.

©1999 CRC Press LLC



FIGURE 37 Rose® process 600°F twin-screw pump. (Courtesy of IMO Pump.)

Medium and high viscosity operation are not the only regions wheltipiau
screw pumps bring advantages to the end user. Low viscosityimed with high
pressure and flows less than approximately 450 gpm, are excellemt gamp
applications. Continuous, non-pulsating flow is required, for @&nin high pres-
sure atomizers for fuel combustion. Combustion gas turbinesefndguburn distil-
late fuels, naphtha, and other low viscosity petroleum liquids that@aai
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1 centistoke or less and require pumping pressures in5th@o91300 psi range. The
combination of modest flow, low viscosity, and high pressura fficult service
for all but reciprocating pumps. The pressure and flow pulsétin reciprocating
pumps usually cannot be tolerated in fuel burning systems, especialbyuston
gas turbines.

Ongoing research and development efforts will further extend the caieabidlit
these machines allowing better performance over a broadge raf applications.
Multiple-screw pumps are uniquely suited to manytled applications described
herein and offer long-term benefits to their users.

USER COMMENTS

The following comments on various types of pumps waegle by the chemical
plant users interviewed:

Multiple-screw pumps are the most technically complex exgensive of all rotary
pumps. However, they have certain very important advantages. Appliggh pressures
(2000 psi range) and high temperatures (designsasgrkto 800°F range), they can operate
at a wide range of viscosities, from grease toeutibue to close clearance, these pumps have
high efficiencies. Timing gears may, or may notréguired, depending on the design (two-
vs. three-screw designs). Pinned rotors could baeepto failures but are a less expensive
option. With external bearings and timing gears, foulssea required, and field work, for
alterations and repair, is not trivial. Advantages of screw pumpseirajthiet operation,
low pulsations, and good NPSHR (net positive static suction heaideggcharacteristics.
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Progressing Cavity
(Single-Screw) Pumps

The progressing cavity pump was invented as a cogeger for an airplane engine
by Dr. René Moineau, following World War I. Due ttee multiphase and high suction
capability of the pump and its ability to conveygl quantities of air, vapor, or gas
in a fluid (which may also contain solids), this pumpnot usually used in the same
way or considered to be the same as other rotary moslisplacement pumps. The
progressing cavity pump was designed as a comtiinafi a rotary pump and a piston
pump. It represents an integration of the specific advantaigbsth types of pump
constructions, such as high pumping flow rates, high pressapabilities, minimal
pulsation, valveless operation, and excellent pressurditgtdbWhile the objective
of this section is to introduce the pump user t lihsic design principles, applications,
operation, and maintenance of progressing cavity pumpsptius bn the theoretical
will be limited and the emphasis will be on moregqtical, everyday issues. However,
to get started we must understand how the pumpatgserwhich requires some theory.
(Additional information may be found References 12 and 1.3

PRINCIPLE OF OPERATION

The progressing cavity pump is a helical pump belonginghérotary, positive
displacement pump family, as classified by the? flhe pump consists of an internal
thread stator with a double thread and an external thagad with a single thread.
The meshing of the two forms a series of cavities 180° apaithwrogress along
the axis of the assembly as the rotor is rotated. As one cavity decieagolume,
the opposing cavity increases at exactly the same rate. Therefore,nthef she
two discharges is a constant volume. This resultsiisationless flow from the pump.

The cross section of the stator is two semicirodesliameter,“D,” separated by
a rectangle with sides4e” and“D” (seeFigure 38. The cross section of the rotor
is a circle of diameter;D,” which is offset from the centerline by the eccentricity,
“e” The pitch of thread of the statorBs;” and is twice the pitch of the rotor.

The dimensions of the cavity formed when the rotor and stator areethes
together is equal to the void of the cross sectiordfillith fluid:

= 4eDP. 40
Afuid s (40)

0-8493-2???-?/97/$0.00+$.50
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FIGURE 38 Progressing cavity pump hydraulic sections (not showscéte). (Courtesy of
Roper Pump.)

This cross-sectional void multiplied by the stator pitch deterntheegavity which is
displaced upon each revolution of the rotor and can bregsgd in various ways, one of
the most popular being gallons per 100 revolutions.

The preceding description outlines the basic 1:2 design the rotor having
one thread or lobe, and the stator having two). Manjatians exist on this such
as 2:3, 3:4, 4:5, etc., designs. The only requirement is that the lséa® one
more thread or lobe than does the rotor. This book focusgsoanthe 1:2 design
as this is the most popular and commercially available desigprbgressing

cavity pumps available today. (Not& good reference on multilobe designs is
Reference 14
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PUMP PERFORMANCE CONSIDERATIONS

Being a positive displacement pump, a certain volume of fluid is disethavigh each
revolution of the rotor. Unlike centrifugal pumps, thenp does not develop pressure or
a head but will attempt to deliver the same volume of fluid regardletse @fressure
(resistance) that must be overcome in the discharge lirtle.&/luid such as water (1cP
viscosity), and with zero discharge and suction pressures, the displacéyienr
quantity of fluid delivered, of the pump is only dependentte revolutions per minute.

As the pressure increases, a small amount of the fluid displacedbalfs
through the elements to the suction side. This slip is the fluittideg across the sealing
lines of the cavities from the higher pressure discharge back to the poassure
suction side of the elements. Slip is measurednitswf flow such as gallons per
minute (gpm). The amount of slip or leakage becomes greater as thargkspressure
increases. To minimize the amount of slip at higlsguees, more cavities are added in
series by lengthening the rotor and stator. Théslled staging, analogous to multi-screw
pumps, as discussed in earlier chapters. Increasing the numbegesf decreases the
amount of slip experienced by the pump by distributivegpressure differential over a
greater number of pump stages. Staging is also tsembtain higher differential
pressures for a given flow design. Past practice was to limit pregsustage to 75 psi.

Catalog performance curves for progressing cavity pumps are usualbld water
and show the anticipated delivery of the pump versus differential peegslischarge to
suction) and speedbigure 39shows a typical progressing cavity pump performance
curve. For thicker, more viscous fluids, the slip is sicemtly reduced and can be
approximated by dividing the slip on cold water by thg isidex value shown ifrigure
40. The slip index is the ratio of slip on a viscous fldidded by the slip on water at 70°F.

To demonstrate the effects of viscosity on slip, assume the pump tuowe s
in Figure 39is being used to pump a fluid with a viscosity of 10,000 cP at a
differential pressure of 150 psi. From the curveFigure 39 the slip on water at
150 psi is 9 gpm. This slip value is obtained by taking the flow giGnd then
subtracting the flow at 150 psi. (As the slip is basically indepenafespeed, this
can be done at any speed as long as the speed sautie for both pressures in
the formula.) Looking at the slip index curve Rigure 40 the slip index for 10,000
cP is about 6.2. Therefore, the slip on the punfis@iwill be approximately

WaterSlip o 9

, I = 1.5 gpm at this pressure.
SlipIndex 62.

POWER REQUIREMENTS

The power requirements for progressing cavity pumpseapeessed differently by

various manufacturers. Some manufacturers exprespdiver requirements simply
as horsepower required at a certain speed, and othmessxhem as torque. Since
the progressing cavity pump is considered a constantedatevice when operating
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FIGURE 40 Slip index curve. (Courtesy of Roper Pump.)

at a given differential pressure, using torque to determine power requirements
simplified and accurate method of determining the @ovequirements and will
allow better selection of drive components, especially hydraulic anmiedé¢oariable
speed type drives.
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The stator is usually made from an elastomeric material, although desigres with
metallic (or rigid) stator for specialized applications are known. This elastomeric stato
allows the pump elements to have a compression fit and#is a good abrasion
resistant surface for handling particles in suspension. This compréistwowever,
does cause a resistance to turning (torque) which is dependehé aiement
geometry and is shown on the performance curve as the toitiplerequired at 0
psi. There is also a starting torque which must be overcome. s af thumb, this
value is roughly four times the initial torque. Horsepower caddrved from the
torque value by the formula

Hp =—FN+- (47)
63025

where T is torque in inch pounds, and N is pump speed in RPM.

Progressing cavity pumps are rarely applied on fluids with a viscosity cP,
and there is an added torque which is dependenh@wiscosity of the fluid and
the geometry of the elements. On slurries, the added torque requiredeisi€lap
upon the particle size and concentration of solids. Mostrpssgng cavity pump
manufacturers include power adder information for viscosity andieduwith their
standard technical literature. Typical power adclarts are reproduced below. These
charts will, of course, vary with individual pumigesand model.

TABLE 1
Apparent Viscosity — Torque Additive (in x ebf) and Maximum Speed

cPs 100 1000 2500 5000 10,000 50,000 100,000 150,000 Q00,0

T-add 156 456 696 960 1335 2790 3840 4635 5325
RPM 900 900 900 600 320 80 40 30 25
TABLE 2

Water Base Slurry Torque Additive (in x ebf)
Size Fine Medium Coarse

% 0.01"to 0.04" 0.04"to0 0.08" 0.08" & Larger

10 175 219 325
30 526 657 976
50 877 1095 1627

*Note: Maximum particle size 0.6 inch

FLUID VELOCITY AND SHEAR RATE

With rotation of the rotor, fluid in the cavity moves in a spipakh along the
centerline of the pump. The velocity of the fluid will lependent on the speed of
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rotation as well as the distance from the centerline. Internal velocity information
available from manufacturers and is important for ensuring an adeyytiy of fluid

to the elements. The subsequent section on inlet conditidirdiscuss this aspect a
bit more.

The shear rate of the pump can be determined frameder,“D,” eccentricity,
“e,” and the pitch of thread of the statoRs; and is available from pump manu-
facturers for their particular models of pumps. Shetw isadefined as the difference
in velocity between two layers of fluid, divided by the distance betweerayers
(measured in inverse seconds: ar 1/s. This definition comes from the classical
relationship between shear stress and velocityiegrgadwith dynamic viscosity being
a proportionality constant.In general, progressing cavity pumps have a very low
shear rate. This is of particular importance when pumping sheaitige fluids,
such as latex and some polymers, that decompose if shearedutdo during
handling.

The shear rate of the pump can also be used torde¢ethe apparent viscosity (the
shear stress divided by the shear rate, measured imiwigsosity) of a nonNewtonian
fluid inside the pump. This is useful in determining the power requénts of the pump,
as explained in the next section.

FLUID VISCOSITY

The dynamic viscosity (i) of a fluid is the property ofuadf that resists flow; it is the
ratio of the shearing stress to the rate of stamarfluids other than oil, the most common
unit of measure for absolute (dynamic) viscositgastipoise (cP). Sometimes the fluid
viscosity is expressed in centistokes, which is the kinemeitosity or the absolute
viscosity divided by the specific gravity. When a flgidiiscosity is constant as the rate
of shear is increased, it is said to be a Newtonian fluid. Most tliédsare handled by
the progressing cavity pump do not obey this law andsaie to be non-Newtonian.
With a non-Newtonian fluid, the viscosity of the fluid changes agdte of shear
changes.

Some fluids will show a decrease in viscosity (thixotropic) as theofashear
increases. The curves kigure 41show the viscosity in centipoise against the shear
rate in inverse seconds. Often, when initially determining the requitenfen a
pump, the main emphasis is on operating point (i.e., wagsamp would normally
operate). Unfortunately, little attention is paid to otpeints along the performance
curve, particularly the region of low flows, the assumption being dizatg of the
equipment (pump and a driver) at operating conditionsildvensure start-up. This
may be a relatively safe approach for Newtonian and dilatent fluidsyHah the
starting torque is lower than the operating torque, and the driver (elewtior)
would be able to start up the pump. For thixotropicdBuihowever, such disregard
may cause problems, since the shear stresses are higher neartiiye stadition
than at the operating regime. If the motor, in such a case, is sizé¢ldef operating
conditions, it would not be able to start up thenpuin order to overcome the fluid
resistance, having a higher viscosity at these conditions. Examplésxatropic
fluids are: adhesives, fruit juice concentrates, glues, aniifgl asphalts, lacquers,
bentonite, lard, latex, cellulose compounds, wasgsips, fish oils, molasses, paints,
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tar, rayon, printing inks, varnishes, resins, vegetaldeand shortenings. An estimation
of the apparent viscosity of the fluid can be made knowiegeral readings of the
viscosity at known shear rates. The torque or poweirsggant for the pumpanthen be
predicted at various speeds or shear rates.

Dilatent fluids are rather uncommon and are mostly hagteentrated slurries. A
dilatent fluid increases in viscosity as the shear rateciedsed. Again, the power
requirements can be determined knowing the appaisusity.

There are certain fluids or materials which canetclassified in the preceding
categories and can be handled very nicely with the piggesavity pump. These
materials, such as filter cake, dewatered slurries or eijdgnd paper stock are
semi-dry and will not readily flow into the normsiiction opening of the pump nor
is it possible to obtain a viscosity measurement indicative of the thickneb® of
material. These applications are best handled pyrap where the standard suction
housing is replaced with a flanged hopper and an augéached to the connecting
rod to assist movement of the material into thengelements.

Usually the viscosity of a fluid changes when there dranges in fluid
temperature. Lower temperatures usually increase ddluisicosity while higher
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temperatures reduce them. The temperature of the flugt bri considered in
determining the viscosity of any fluid.

INLET CONDITIONS

The key to obtaining good performance from a progressing cpunityp, as with all
other positive displacement pumps, lies in a complete understanding ranal ob
inlet conditions and the closely related parameters ofdsped viscosity. To ensure
quiet and efficient operation, it is necessary to completely fill the cawitbsfluid
as they open to the inlet. This becomes more difficult as viscosity, ,spesdction
lift increases. Essentially, it can be said that if the fluid can be projpérbduced
into the pumping elements, the pump will perform satisfactorilywéier, the
problem lies in getting the fluid in. A pump does podl or lift liquid into itself.
Some external force must be present to initially push the fluid int@uhgping
elements. Normally, atmospheric pressure is the only force presentjghlthuere
are some applications where a positive inlet pressure is available.

Naturally, the more viscous the fluid, the greater the resistance todtaly,the
slower the rate of filling the moving cavities in the inlet. Converdely, viscosity
fluids will flow quite rapidly and will quickly fill the cavities. It is obuwis that if
the cavities are moving too fast, the filling wilk bhcomplete and a reduction in
output will result. The rate of fluid flow into the cavities should alwagsgkeater
than the rate of cavity travel, in order to obtain complete filling. Most pssgng
cavity pump manufacturers provide recommended maximundsdee their pumps
when handling viscous fluids that minimize the effects of irgleta filling.

The net positive suction head (NPSH) calculations are routinely usedthifugal
or high velocity pump applications. In many positive displagempump
applications where the pump velocities are usually lowcéheulation of NPSHas
little significance. There are applications, however, whtis calculation
becomes very important. These are suction lift, vacuum pot applisatand
applications where the fluid vapor pressure is high.

The net positive suction head available (NPSHA)his head available at the
inlet of the pump and is the atmospheric pressure alailamus the fluid vapor
pressure, the lift, and suction line losses. Thepuositive static suction head required
(NPSHR) is a function of the pump design and pump speed. The RIP&Ha
specific pump is available from the pump manufacturer, usuadiyided with
standard performance information. Note, that in contrast to centrifugal sputhg
NPSHA definition for positive displacement pumps does not include ifi.disre-
gards) a velocity head component, due typically to low velocities of Ppgum

SucTioN LiFT

The following is an example that illustrates NPSH calculations.

A particular progressing cavity pump operating at 900 RPM is reqtirdift
70°F water 10 ft vertically through a 3 in line. Thapor pressure of the fluid is
.363 psia (.84 ft), and the suction line losses.@teft. The pump is physically
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located at or near sea level. The pump manufaésulitarature indicates the pump has
an NPSHR of 6.9 ft. The calculations are as follows:

Atmospheric pressure:  33.90 ft

Lift: -10.00 ft
Line losses: -.01ft
Vapor pressure: -84 ft
Total NPSHA: 23.05 ft
Total NPSHR: 6.90 ft

From this example, there will be 16.15 ft of NPSH margier dhie required amount, and
this will be acceptable.

HicH VaPor PRrReEssurRe FLuiD

Another application where NPSH becomes importantvlien the fluids vapor
pressure is high. Vapor pressure is a key property of fluids whicdt always be
recognized and considered. This is particularly true of volatileoleetn products
such as gasoline, which has a very high vapor presstevapor pressure of a
fluid is the absolute pressure at which the fluidl whange to vapor (boil) at a
given temperature. A common example is the vapor pressuwater at 212°F,
which is 14.7 psia. For petroleum products, the Reid vapor presssauiad is
usually the only information available. This is vapoegsure as determined by
the ASTM D323 procedure. Vapor pressure tables for water can useaftyuhd
in most hydraulic book¥. Vapor pressure estimates for other fluids can be made
if the boiling point is known (i.e., a fluid will boil at atmospiteconditions when
its vapor pressure reaches 14.7 psia). The absolute pressure mbst atitwed
to drop below the vapor pressure of the fluid. This will prevent lgpiitich will
cause cavitation.

In the previous example, 70°F water with a vapor pressfir.363 psia was
used. If the temperature of the water was 190°F, the vapor pressule be 9.34
psia or 21.6 ft, which would exceed the 16.15 frgirabetween NPSHA and
NPSHR, and the fluid would vaporize or boil. The calculations would nowsbe
follows:

Atmospheric pressure:  33.90 ft

Lift: -10.00 ft
Line losses: -.01ft
Vapor pressure: -21.60 ft
Total NPSHA: 2.29 ft
Total NPSHR: 6.90 ft

In this example, there is not enough NPSHA to operatpuh®. To overcome this
situation, the amount of lift would have to be $boed or, possibly, a different sized
pump, operating at a reduced speed, could be used.

©1999 CRC Press LLC



Vacuum PoT INSTALLATIONS

In a vacuum pot application, the fluid is in a vegbkat is under a high or partial
vacuum. This will affect the NPSHA to the pump. Thldwing information is
another example that illustrates NPSH calculations.

A particular progressing cavity pump is pumping water out okssel that is
under 20 in of mercury vacuum, which correspond4 @0 ft of absolute pressure.
There is 10 ft of 3 in horizontal line connectitig tsuction of the pump to the vessel,
and the water is 70°F. As in the suction lift exénphe vapor pressure of the fluid
is .363 psia (.84 ft), and the suction line losses.@teft. From the pump manufac-
turers literature, the pump NPSHR is 6.9 ft. The correspondaigulations are as
follows:

Vessel pressure: 11.20 ft
Lift: - 0.00 ft
Line losses: -.01ft
Vapor pressure: -.84 ft
Total NPSHA: 10.35 ft
Total NPSHR: 6.90 ft

From this example, there will be 3.45 feet of head over the requiredndnamd this
would be acceptable.

On vacuum pot and suction lift applications, it is necessary to fill drafar
fill the suction housing and lines with fluid to provide a lubricamt tfee elements
during lift or until the pumping fluid reaches the elements. Sinceetheg more
sealing points on the side that is normally considighe suction side of a progressing
cavity pump, better operation can be achieved if the pump is operatedemsere
By doing so, the normal discharge port is used as tbtéosuport. This would now
put the packing or séalunder pressure from the discharge, and caution should be
used not to overpressure the suction housing. Rsigge cavity pump manufacturers
can provide helpful information on operating their punipseverse and should
definitely be consulted if high discharge pressaresanticipated.

To allow pump manufacturers to offer the most economical seleatidnalso
assure a quiet installation, accurate inlet conditions should be clearly. shqiec-
ifying a higher suction lift than actually existsaynresult in the selection of a pump
at a lower speed than necessary. This means not only a largeroamdxpensive
pump, but also a costlier driver. If the suctidi i higher than stated, the outcome
could be a very noisy pump installation coupledwiigher maintenance costs.

GUIDANCE FOR PROPER SELECTION
AND INSTALLATION

ABRASION

The progressing cavity pump is one of the best puayailable for handling abrasive
slurries; however, there are some consideratiopsrinp size that need to be made
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in order to achieve maximum performance. It is necessary to miningzelithand
internal velocities to achieve good results. Most progressing cavity pumaoamers
limit these items by publishing reduced maximum speeds and pedeun pumps
handling abrasive materials.

Determining the degree of abrasion is largely judgmental; however, dke-m
up of the particles will offer some clues as to how it is to be cladsifA closer
look at what causes abrasion may be helpful in determining its classificatien.
components of abrasion are the particle, the carrier fluid, and the velocity.

Particles

Size — Wear increases with particle size.

Hardness — Wear increases rapidly with particle hardness when it exceeds
the rotor surface hardness.

Concentration — The higher the concentration, the more rapid the wear.

Density — Heavier particles will not pass through the pump as easily as
lighter ones.

Relating the material hardness to some common materials on a 1 to 15vibald,
being the hardest, the following list can be used asdegui

Talc slurry 1
Sodium sulfate 2
Drilling mud 3
Kaolin clay 4
Lime slurry 5
Toothpaste, potterglaze 6
Gypsum 7
Fly ash 8
Fine sand slurry 9
Grout, plaster 10
Titanium dioxide 11
Ceramic slurry 12
Lapping compound 13
Emery dust slurry 14
Carborundum slurry 15

Carrier Fluids

Corrosivity — Surfaces attacked by corrosion will set up a corrosiosien
effect.

Viscosity — A high viscosity fluid will tend to keep particles in suspension
and not be as abrasive.

Velocity — Low fluid velocity, or pump speed, will minimize abrasieffects.
(For a heavy abrasive fluid, it is recommended to keepvkrage velocity
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in the elements between 3 to 5 ft/sec. A medium abrasive fluid sbeuld
limited to 6 to 10 ft/sec, and a light abrasive should be limited tm 10
15 ft/sec. These velocity limits are usually listed in catalogs as ppmp r
limits for various size pumps in conjunction with the alvesature of the
fluid.)

As mentioned earlier, determining the degree of abrasion is largaejyngrdal:
however, the examples below will provide a simple rule of thunitbegio abrasive
classification:

No Abrasives — Clear water, gasoline, fuel oil, lubricating oil.
Light Abrasives — Dirty water containing silt or small amounts of sand or
earth.
Medium Abrasives — Clay slurries, potters glazes, porcelain enamedgs Heavy
Abrasives — Plaster, grout, emery dust, mill scale, lapping pouamds,
roof gypsum.

As with the shear rate, the maximum particle size that camahdled by a
progressing cavity pump can be determined from the eledasigin and is available from
pump manufacturers for their particular models of purbepending on pump size, the
maximum patrticle size that can be successfully handlesdutifrump damage ranges
up to about 2 in.

TemPerRATURE EFFECTS AND LimITS

The fluid temperature will affect the pump performance in tlifferent ways. First,
since the stator is an elastomeric material, the theewdnsion is roughly ten times
greater than that of the metal rotor which is Ugustieel or stainless steel. This will
cause a tighter fit for the elements, and higher starting and rutorigges. When
the temperature reaches a certain limit it is thdvisable to use an undersized rotor
which compensates for the difference in size. Second, the life of thenstasi®
greatly affected by heaf.able 3shows limits from one manufacturer for elastomers
which are being worked such as in a stator, and wilkediffom other published
information on elastomers used in a static state suchrimgoand gaskets. There-
fore, when a stator is being applied at less than its maximum pressure tiaging
operating limit can be exceeded slightly but cannot exceed the static rating

MouNTING AND VIBRATION

The progressing cavity pump is inherently an uniiadd machine due to the eccen-
tric rotation of the rotor. The vibration which occursdiependent on the size of the
element, the offset, and the speed of rotation.thisrreason, the speed of the pump
is limited with typical limiting speeds reaching T2RPM for small pumps

(.02 gall/rev and lower), decreasing to limits 0® 3PM for large pumps (3 gal/rev and
larger).
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TABLE 3
Stator Temperature Ratings

Temperature Rating (°F)
Material Stator Rating Maximum (Static) Rating
Nitrile 180 250
Natural rubber 185 225
EPDM 300 350
Fluoroelastomer 300 400

The magnitude of the induced vibration is of a low frequency arelatively
high amplitude. This will not produce offensive noise; haaveit should be a factor
in mounting. It is generally recommended that prsgjregy cavity pumps be mounted
on structural steel baseplates securely lagged down toetenftrundations. These
baseplates should be provided with means to grout thenplace on the foundation
for rigidity and dampening. In all cases, the mantifrets instructions and recom-
mendations on mounting should be consulted to ensueglequate installation.

THe DRrIVE FRAME

The progressing cavity elements are normally adapted to a drive erdwithiorovide
an acceptable life span when properly applied aaidtained. As with ANScentrifugal
pumps!® the drive shaft is supported in a separate bearing ho(singlly cast iron),
by antifriction bearings (either deep groove batapered roller bearings). These bearings
are normally sealed from contamination by conventitipalype seals? The bearings
in a progressing cavity pump are almost alwhysicated by grease. Due to the
relatively low speed of progressing cavity pump applicatitvis jg quite acceptable.

Because of the rott® eccentric motion, there must be some meansrffiéraingthe
torque from the concentric rotating shaft to the rotor. Thebmeans adichieving
this is by using a connecting rod and universal joints. This atibn allows the rotor
to move freely through the eccentric circle and carries the torque larstl theated by
the differential pressure on the elements. Several tyfjpgsersal joints are used, with
the two most popular being a simple pin and rod joimd, the other a more elaborate
crowned gear joint. Some manufacturers even offer a Rexbaft, eliminating the
universal joints entirely.

The pin and rod pumps are considered the more traditiypal pumps (see
Figure 42. Pins are installed at both ends of the connecting rod to seciarehie
shaft and rotor. In operation, the connecting rod raskshe pins from the eccentric
motion of the rotor. Rubber o-rings or some other ¢efien proprietary) keeps
pumpage from the joint and retains lubricant. Thes @nd connecting rod are made
from heat-treated alloy steels to provide a lonyise life. When a stainless material
is required for corrosion resistance in the pumpingliegtion, the pins and rod
cannot usually be hardened. Most manufacturers can increase thigaingesize
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{detail)
FIGURE 42 Typical pin joint pump. (Courtesy of Roper Pump.)

of pumps requiring these corrosion-resistant materiadsdar to provide an acceptable
service life. If differential pressures are relatively low (less than 75 psi),thien
increase in frame size may not be necessary.

Unfortunately, the rocking between the pin and redaiwearing action that
eventually renders the pin unusable. To overcome this prolong service life,
progressing cavity pump manufacturers also emplayowned gear type joint which
has approximately five times the load carrying cdpaaf the conventional rod and
pins (seeFigure 43. The gear joint is essentially a modified ball and socket joint,
with gear teeth on the ball mating with a similar tooth profile in the etodkhese
joints are usually designed for the larger size pur@0.1 gal/rev and larger) where
the initial expense is outweighed by the maintenance and replacement cdws of t
rod and pin type.

PROGRESSING CAVITY PUMP APPLICATIONS

The number of applications for progressing cavitynps are as many and as varied
as there are progressing cavity pumps manufactured. Asomesh earlier, progress-
ing cavity pumps have many applications in induspi@cesses, construction, waste-
water treatment, oil field service, pulp and paper processes, and fooesgnm,
just to name a few. Flow rates available range from fraztafngal/min, to around
2000 gpm, with differential pressures reaching upva 2000 psi.

As with every pump type, there are certain advantages disatvantages
characteristic of the progressing cavity design. Thesaldthe recognized in selecting
the best pump for a particular applicatfn.

Advantages:

 Wide range of flows and pressures.
+ Wide range of liquids and viscosities.

©1999 CRC Press LLC



o

b=l T

! | ny

' [
|

FIGURE 43 Typical gear joint pump. (Courtesy of Roper Pump.)

 Low internal velocities.

« Self-priming, with good suction characteristics.
« High tolerance for entrained air and gases.

* Minimum churning or foaming.

« Pulsation-free flow and quiet operation.

* Rugged desigh— easy to install and maintain.
« High tolerance to contamination and abrasion.

Limitations:

« High pressure capability requires long length of pumplegents.

* Fluid incompatibility with elastomers can cause problems.

* Not suited to high speed operatienrequires gear reducer or belt
reduction.

« Cannot run dry.

» Temperature limitations.

In oil field service, progressing cavity pumps are used in maplcagions in the
production of oil, from polymer injection to crude oil transfehir@s Daging
Petroleum Administrative Bureau installed a battery of lgpogegressing cavity
pumps for polymer transfer in the Daqing oil fidlocated about 750 miles northeast of
Beijing. Each of these pumps is used to transfer 250@fB600 to 5000 cP polymer
at discharge pressures of 300 psi. The pumps selected ftkee1ol5 gal/rev size and
operate at 250 RPM with 130 hp drivers.

Another interesting oil field application is the progressing caWitgwn hol&
pump. This is a progressing cavity pump suspended verticelow the surface into
an oil well to pump fluid to the surfadeDriven by a surface-mounted driver, the
pumps are suspended to depths of up to 4000 ft. Alplertp the entrained gases
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and sands, progressing cavity down hole pumps arecanomical alternative to
conventional rod pumps in many wells with diffictotpump fluids. They are prov-
ing to be particularly well suited to the heavy crudeseéndihfields of Canada.

Progressing cavity pumps are also useful in miningraoons worldwide. In
Australia, progressing cavity pumps are used in the gold moredefwatering
service in the mines. Located about 700 ft undergrouedethumps deliver 560 gpm
at a discharge pressure of 330 psi to keep the mines from floodiagvatlr contains
about 5% earth solids, with an average particle size ofitD4the unitsselected for
this service were in the 1.75 gal/rev size and opexaB10 RPM,using 175 hp
drivers.

The construction industry is a large user of progressavify}c pumps. In Salt
Lake City, Utah, spackling (wall joint compound) with an apparent viscosity
30,000 cP is pumped at/ito 2 gpm against discharge pressures of 80 psiuffite
selected for this service were in the 0.02 gal/rev size and operate at 1409RB A
hp drivers.

Another construction application involves grout atien. In Southern California,
portable units are made to inject grout under bedgeshore them up without closing
them to traffic. These pumps deliver 35 gpm ag&lbét to 350 psi discharge pressures.
The units selected for this application were in the .22 to .28 galizevand operate
at 175 RPM, using 25 hp drivers. Many manufacturers oftggquipment use pro-
gressing cavity pumps; this represents a large esegof their usage.

Wastewater treatment is another area where praggesavity pumps are widely
used. Their use ranges from scum and sludge handling to polyreetianj In one
lllinois correctional facility, units are installed in the 0.28 gal/rev size operatihg0
RPM, using 10 hp drivers. These units deliver 100 gpm against a djsghassure
of 30 psi.

The pulp and paper industry uses a wide variety of pssing cavity pumps
in the making of paper. Coating kitchen applications is a prime geaaf this.
Both Ohio and Mississippi paper plants use progressingycavimps to pump paper
coatings in their coating of kitchens. The units af the 1.15 gal/rev size and operate
at 235 RPM, using 75 hp drivers. These units deliver 200 gpm against ai170 ps
discharge pressure.

In food processing, many chicken processing plants use progressihyg ca
pumps to pump chicken parts (heads, feet, eviscera,astanaste. One Arkansas
plant uses several units sized for 0.44 gal/rev operating at 200 RRIdljver 80
gpm against a 100 psi discharge pressure. These units arelgriaed0 hp driver.
These pumps use a specially enlarged suction housing and augerdasdréothat
the material reaches the pumping elements.

Progressing cavity pumps are not only limited to hamgdivaste in food pro-
cessing plants. They are also manufactured in fgradle designs to pump foods
and pharmaceuticals. Pumps used for these servifes quick disassembly for
cleaning and are made from food grade materials. Somefatdurers offer designs
to meet 3-A sanitary standards. Applications for thesesuaibhge from pumping
toothpaste to maraschino cherries, the latter with less than a 1% damage rate.
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TROUBLESHOOTING

The progressing cavity pump is usually forgiving in most installatibasthere are
times when troubles occur. Accurate identification of the problemuily99% of the
cure. The following guides will assist in identifying the problem an@ro$ome
suggestions for rectifying the situation. The guides can assisacking down
potential troubles, and most of them are useful for all rotary positivéadéspent
pumps, not only progressing cavity pumps.

No Liquid Delivered:

» Pump rotating in wrong direction.

« Inlet lift too high; check this with gage at pump inlet.
* Clogged inlet line.

* Inlet pipe not submerged.

* Air leaks in inlet line.

« Faulty pressure relief device in system.

* Pump worn.

Rapid Wear:

» Excessive discharge pressure.

e Pump runs dry.

* Incompatibility of liquid and pump materials.

« Pipe strain on pump.

» Speed too high for abrasives present in liquid.

Excessive Noise:

« Starved pump.

+ Air leaks in inlet line.

« Air or gases in liquid.

» Pump speed too high.

« Improper mounting; check alignment thoroughly.

Pump Takes Too Much Power:

» Speed too high.

« Liquid more viscous than previously anticipated.

» Operating pressure higher than specified; check this with gage at pump
discharge.

« Discharge line obstructed.

» Mechanical defect such as bent shaft.

« Packing too tight.

* Pipe strain on pump
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* Incompatibility of liquid and pump material causing stateels
* Pressure relief device in system not operating properly.

Rotors:

Other than normal wear on a rotor, there is little that can cause a prQdeasionally,
however, a problem will arise with the chrome plifteng. This is usually caused by
corrosion of the base metal of the rotor. In these situations, a statdessotor is
usually the solution. On fluids of pH 3 or less, the fluid will remthe chrome and a
non-plated rotor should be used.

Stators:
Three modes of stator failure are bond failure, chemical attack igintidat:

* Bond Failure — In the stator manufacturing process, a special curing type
adhesive is applied to a grit blasted tube prioinfection of the elastomer.
The bond to the tube is stronger than the tensdegth of the elastomer
and is sufficient to hold the rubber in place during operation. On flittisa
pH of 10 or greater, there exists the potential of chemical attack on tthe bon
and it will eventually break loose from the inside oftillee. Very high heat
(as from an acetylene torch) or cryogenic temperatures will also break th
bond.
» Chemical Attack — The effect of chemical attack is usually a swelling
and softening of the elastomer. The pump operates wdits§ and then
gradually increases in power requirements as swelling oagtithe
elastomer fails. Analysis of this problem should be made immediately,
because aftefdrying out}’ the elastomer will return to its original state and
appear fine. When there is doubt about material comlitgtisimall test slugs
of elastomer can be immersed in the fluid to study the effects before the
pump is purchased. These test slugs are available from pmagsessing
cavity pump manufacturers.
* High Heat — The enemy of rubber is heat, and it will have a different
effect on different materials. Nitrile and fluoroelastomell Wwarden to a
hardness similar to steel and will have a glossy aamkdrappearance.
EPDM and natural rubber will have a tendency to get gummy and have
a melted appearance. The source of excessive heat canfrromseveral
sources. The fluid temperature can go over thevalite limit or the heat
can be internally generated. This internal heat can doome overrating
the pump, pumping against a closed discharge, roring dry. In the first
two cases, the stator usually will show signs of cgrapart in chunks.

Progressing cavity pumps are widely used in handling maniguiffo-pump mate-
rials. In many cases, a progressing cavity pump is the only pumgahasuitably
handle these materials. Properly understanding how this pump aodkdiow to
specify the operating characteristics can help the user to assist progcessiyng
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pump manufacturers in selecting the most economical unit to solve niffioyitd
pumping problems. When properly selected, progressing cavihpguare quiet in
operation and forgiving of many operational problems that anishé system.
Initially an oddity, progressing cavity pumps now gaining a foothold in the mainstream
of pumping applications.

USER COMMENTS

The following comments were made by pump users interviewed at chelaital. p

These pumps are excellent for abrasive services, dsasvéb pump suspended solids.
They can pump sewage, filter coat application, amgrotough pumpages. Low shear
and low turbulence make them a good choice for thersteemitive fluids. Viscosity
ranges to extremes- to 5 million SSU. Bearings are mounted externally, outside o
pumpage, eliminating the dependence on lubricating prepet the pumpage.

Elastomer (liner) compatibility with pumped fluids is importaand dry running can
be catastrophic, and fast. Seal design, although betterfdhasther rotary pumps,
is still space restrictive, and would benefit by the manufacsu attention to this
issue. Volumetric efficiency is high, due to tight clearances andslgw However,

friction between the rotor and stator can negatebthreefit of tight slip, due to friction
losses, resulting in lower mechanical (overall) efficiency. Thedbing concerns
limit the RPM to around 300 to 500 RPM, or lower for abrasipelications, and
require a gear reducer or a VFD. These pumps require a consideraplkinfoarea,

which could be an issue if space is limited. However, ifaifexd at an open yard
area, this is not a problem.
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8 Metering Pumps

(Note: Due to the specialized application of these pumps, and éff@mh to be
complete, this chapter extends beyond just rotgrgst and into the area of other types
of positive displacement pumps, such as pistongelyrdiaphragm, peristaltic, etc.)

DEFINITION

The metering pump is a controlled volume, positive displacement puhigh will
accurately transfer a predetermined volume of fluid (liquid, gaslurry) at a
specified amount or rate into a process or system. Metering pammpapable of both
continuous flow metering and dispensing.

FEATURES

- Positive displacement imparts energy to the liquid in a pulsating fashion
rather than continuously.

» Flow rates are predetermined accurately and are repeatable within + 1%
(within the specified range and turn-down ratio).

« Adjustable volume control is typically inherent in the design.

« Traditionally they were reciprocating (back f&rth action) designs,
although rotary configurations (gear and perigtplare increasingly
applied to metering applications.

« Ideally, a metering pump should be capable of handling a wide cénge
liquids, including those that are toxic, corrosive, dangerealatile, and
abrasive.

» Should be capable of generating sufficient pressurestmip injection of
liquids into processes.

WHERE ARE METERING PUMPS USED?

Metering pumps are utilized in virtually every segment ofigt to inject, transfer,
dispense, or proportion fluids. The chemical proceshistries have by far the
greatest diversity of applications. However, in additioratbroad range of industrial
applications, metering pumps and dispensers are used extensively in Igborator
analytical instrumentation, and automated medical diagnagtipraent:
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* Industrial — Chemical, petroleum, electronics, water and was@viieat-
ment, food processing, agriculture, metal finishaeyospace, automotive,
mining

* Analytical Instrumentation — Chemical analyzers, environmental monitors

» Medical — Diagnostic systems, dialysis, disposable compoassgmbly

TYPES OF METERING PUMPS

Although a wide variety of both pumping and non-pumpiegigns are used to meter
or proportion fluids, not all are considered metefngnps® Pump designs, such as
centrifugal, can be used to transfer fluids but wouddl Ime considered a metering
pump. Venturi tubes or proportioning valves are examples ofponomp metering
designs. Accuracy of these systems typically vary between 508agvthich for certain
applications is acceptable. What these systems lack the accuracy asgbitiye
inherent in positive displacement pump designs wirafsfer fluid in units of controlled
volume.

The following designs of pumps are generally accepted derimg pumps.
Although their designs differ, they are all positive displacement and agnddsior
precision fluid transfer— repeatable accuracy.

» Packed Plunger — reciprocating plunger or piston moves fluid through
inlet and outlet check valves

» Diaphragm — uses a flexible diaphragm to move fluid through inlet and
outlet check valves

* Gear Pumps — use the spacing between gear sets to move fluid

* Peristaltic Tubing Pumps — use rollers to move fluid through flexible
tubing

* Rotating/Reciprocating: Valveless Pump — uses only one moving part, a
rotating reciprocating piston, both to move flaitd to accomplish valving
functions

COMPONENTS OF METERING PUMPS
THe Power END oR DRIVE
The power end or drive is the source of power for tmepu
* Electric Motors — AC, DC, stepper motors; can be fixed or variapksesl.
» Pneumatic — Pneumatic cylinder piston is controlled by valves or pneu-
matic rotary drive.

* Electromagnetic — Reciprocating linear motion is driven by solenoids.
* Mechanical — Pedestal pumps are driven by chains, belts, and gears.
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Power CoNveERsION orR DRIVE MECHANISMS

Power conversion or drive mechanisms convert pewupplied from the drive to the
type of motion required for the pump head. Reciprocatitgratary designs each use
different methods to accomplish the same goal.

Reciprocating Design

A reciprocating design in a metering pump converts the drive powesllyusotary
action of the drive to linear reciprocating movement. Thise mechanism provides
adjustable displacement volume by mechanically adjusting the stroke I&hgih.
adjustment is accomplished both mechanically and/or by drive speeih (ithp head
flow range).

*  Amplitude Modulation Mechanisms — Plunger, piston and diaphragm
pumps

 2-Dimensional Slider Crank — The radius of eccentricity of the pivot
arm, crank, or cam is in the same plane as the motion of thectiogne
rod. Adjustment of the stroke is accomplished by varthiegcrank radius
(seeFigure 49.

FULL STROKE

ZERO STROKE 2-DIMENSIONAL SUDER CRANK

FIGURE 44 2-Dimensional slider crank.

* 3-Dimensional (Polar) Slider Crank — The rotating crank radius is fixed.
The plane of rotation of the drive mechanism is 90° to the mofitre
connecting rod at zero stoke, and changes propatly as the drive angle
increases or decreases from the 90° positior-{geee 45.

~WORM GEAR

S
L)

3-DMENSIONAL (POLAR) SUDER CRANG

ZEROQ STROKE

FIGURE 45 3-Dimensional slider crank.
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e Lost Motion Drive Mechanisms — They are mechanisms which limit
stroke (seéigure 46.

*  Mechanical (Eccentric Cam Drive) — Provides for changes in the flow
rate through variation of the plunger return position.

* Hydraulic Bypass — Permits a portion of hydraulic fluid to escape tigylo
a bypass valve which returns this unused fluid to a reservoimvitthi
pump.

LOST MOTION DRIVES

FIGURE 46 Lost motion drives.

Rotary Design

Direct, geared, or magnetically coupled, rotary drivetmeisms are used to couple gear
or peristaltic pump heads to drives. Flow adjustmentdsraplished by changing the
pump head displacement components (gear set, tubinga@izbjough variable speed
drives.

» Flow Rate = Volume/Stroke % Stroke Rate — For pumps with adjustable
displacement, flow rate can be varied without varyirgedspeed (RPM).

For pumps which do not have adjustable volumes, ffovaried by
adjusting the drive speed. Gear and peristaltic pumps angpée®of
pumps which vary flow directly by varying driveesal.

» Flow Range — Typically fixed for a specific size displacement element.
The displacement element could be a diaphragm, bellows, piston, gear
set, peristaltic tubing, etc.

* Turn-down Ratio — The ratio of the maximum flow to the minimum flow
value, where, at the minimum, accuracy is maintaine

Pump MecHANism (Pump HEAD MobDULE)

A pump mechanism is a transfer mechanism which is in contact withuitharid gives
each specific pump technology its unique characteristic.
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Packed Plunger Pumps and Piston Pumps

In these pumps, a reciprocating piston (plunger) moves fluidighr@a chamber by
creating alternate suction and pressure conditiOng-way check valves on the inlet
and outlet ports of the pump operate 180° out afplin order to control fillingf the
displacement chamber during suction and to prevent backflow durirdisdterge
stroke (seéigure 47.

Primary Advantages — high pressures, accuracy, self-priming

Limitations — packings require maintenance, check valves, moving parts in
contact with fluid

PACKED PLUNGER PUMP

DISCHARGE BALL
WvE
GREASE
ATTNG
———
PLUNGER
—————
CROSSHEAD
(R o
STFFNG
LANTERN RN Box
SOCTION Bl - mocess o
CHECK waLvE

PISTON PACKED PUMP

FIGURE 47 Packed plunger and piston packed pumps.
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Diaphragm Pumps

In these pumps, a flexible disc, tube, or bellowsdtiated by a connecting rod,
eccentric cam, or a hydraulically coupled plunger. The fluid chamusigned so that
the diaphragm is one of the fluid containment components. As ijiroeates, the
diaphragm changes the volume of the fluid chamidas. if turn creates alternate suction
and pressures conditions in the chamber, which with thef aldeck valves, draws fluid
into the inlet port during suction, and moves fluid out of the digghport when the
pressure increases.

* Mechanical Diaphragm — The power side of the pump is identical to
piston and plunger pumps. However, in place of a pistdror plunger,
the mechanical diaphragm pump uses a connecting rod fastened to the
center of the diaphragm. The configuration of the digpim can take on
many forms, but the most popular designs are theiflat the convoluted
disc, and the bellows.

* Hydraulic Diaphragm Pump — Hydraulically balanced, it is a hybrid of
the piston and mechanical diaphragm pumps described previously. Th
power (or drive) end, as well as capacity control, are the samaldbis
similar to the plunger pump in that a plunger or pisemiprocates within
a precision cylinder (also referred to as a chamber or linerksithikr
to the mechanical diaphragm in that a diaphragm contacts tbesgro
fluid rather than the plunger. At a set stoke length, thegeludisplaces
a precise volume of hydraulic oil, which in turn esepressure on a
diaphragm. The hydraulic oil moves the diaphragrwérd and backward,
causing a displacement that expels the process fluid thibaglischarge
check valve and, on the suction stroke, takes in an aq@aint through
the suction check valve.

» Double Disc Diaphragm — Redundant diaphragms eliminate the need
for contour plates.

* Tubular Diaphragms or Bellows — Uses a tube-shaped diaphragm.

Primary Advantages — discharge pressure: to 250 psig (mechanical design)
and up to 4000 psi (hydraulic version); chenticalert wetted parts;
adjustable stroke and RPM

Limitations — presence of check valves (balls, springs, o-rings); digjphs
require routine maintenance

The following are examples of diaphragm pumps:

Gear Pumps for Metering Applications

In gear pumps, one of the gears is turned by a power sanctealrives the other
gear(s). The spaces between the gear teeth carfiuithdrom the inlet to the outlet
ports. The gear mesh point prevents the fluid from returtonthe inlet side.
Typically, the drive is magnetically coupled to tfear mechanism (s&égure 48.
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INLET PORT

DISCHARGE PORT

(a) (b)

FIGURE 48 Gear pumps for metering applications.
(a) cavity style pump head
(b) pressure-loaded pump head.

Primary Advantages — pulseless flow; magnetically coupled drive eliminates
seals; differential pressure: 100 psi; system pressddepd (typical)

Limitations — liquids with particles and slurries cause gear problems; self-
priming only about 1 ft lift

The following are examples of gear pumps used for metepplications:

*  Cavity-Style Pump Heads — They depend on the surrounding pressure
in the magnet cup cavity to hold the gears tightgether. Since it is
imperative that the gear tips mesh exactly, cavity style puibshaften
use helical gears composed of extremely low friction material, such as
Teflon, as a good alternative to stainless steels when galling is an ssue, a
well as for moderate pressure applications.
* Pressure-Loaded Pump Heads — They increase volumetric efficiency and
use a suction shoe which works with the fluid pressin the magnet cup
to seal the gears tightly together. As the disanargssure on the suction
shoe increases, so does the efficiency of the pump. The pressure on th
outlet side of the pump should be greater than the pressure on the mlet sid
in order to force the suction shoe and gears together.

Peristaltic Tubing Pumps

In a peristaltic tubing pump, the pump head consists of two: ghgsrotor, which
contains three or more tubing rollers, and the housing. The tubiptaced in the
“tubing bed between the rotor and housing. The rollers on the rotor movesacro
the tubing, squeezing it against the housing and pushinfjuttie The tubing behind
the rollers recovers its shape, creates a vacuuth,deaws fluid in behind it. A
pocket of fluid is formed between the rollers. This volume is spdoitige inside
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FIGURE 49 Peristaltic tubing pump for metering applications.

diameter of the tubing and the geometry of therrofdow rate is determined by
multiplying speed by the size of the packet (Begire 49.

Primary Advantages — NoO mechanical wetted parts (other than tubing); no
seals, packings, or check valves; easy to clean (dispagaird); multiple
pump head configurations

Limitations — Pressure is under about 40 psig; routine tubing replacement
(depends on tubing material, fluid, drive RPM, and requiredracy);
tubing life is rated by either failure (leak) or a decréasecuracy of 50%;
therefore, tubing life is over-rated for metering agadibns; suction lift is
limited to tubing wall strength

Rotating/Reciprocating Valveless Pumps

Rotating/reciprocating pumps are no-packing pumps, with extremedg clearances
between piston and matched liner to eliminate packingscditary action of the fluid
effectively acts as the primary piston seal. The abseh@aakings and the use of
sapphire-hard ceramics virtually eliminate periodic maintenance associatedekigup
plunger type pumps. Rotating piston design uses a unique pistmtomplish both
pumping and valving, eliminating valves used in tradiiopiston pumps (ségégure
50).

SUCTION ' e CROSSOVER vz DISCHARGE t===. CROSSOVERE—

STROKE {4} POINT (Y} STROKE  {} POINT

FIGURE 50 Rotating/reciprocating valveless pumps for meteridgsing, and lab
applications.
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The piston rotates and reciprocates. As the piston is pulled back and the piston

flat opens to the inlet port, suction is created, and fluid filss pump chamber.

The inlet port is then sealed and cross-over occurs. As thepimiets sealed

and the pump chamber is full, the outlet port opens up. Only onespopen at

any time, and at no time are both ports interconnected. The pistorcésl fdown

and the piston flat opens to the outlet port. Désgle is created, and fluid is
pumped out. The position bottoms for maximum bubble clearing. Wheroutlet

port is sealed and the pump chamber is empty, the inlet port opstertt@nother
suction stroke.

Primary Advantages — no valves to clog, hang up, or service; no packings
or seals which require routine maintenance; one moviriggedf-priming
to 15 ft lift; dimensionally stable ceramic interparts

Limitations — the process fluid is the seal and lubricant; flg&nd required
for air-sensitive fluids

METERING PUMPS SELECTION

Metering pumps are used in a very diverse range dfcafipns. Specifications for
metering pump applications generally consider the follgyiarameters:

Volume — Flow rate or volume per dispense.

Pressure — Qperating pressure, system pressure, differentedspre (pressure
across the inlet and discharge ports).

Accuracy — Accuracy, precision (repeatability).

Temperature — Process temperature, ambient temperature, non-operating
temperature (component sterilization).

Plumbing — Connection size, material, fitting (Example: 1.5, 316 SS, san-
itary). Suction side tubing size is critical to preventing cavitation, which
may occur when the tubing size is too small to alloegagte flow of
fluid to enter the pump. Cavitati@an cause problems including ham-
mering, flow variation, bubble formation and la$grime, and eventually
pump damage.

Drive Power — AC, DC, pneumatic, stepper, mechanical.

Flow Control — Fixed, variable, reversing.

Control Source — Manual, electronic (Example: 4-20 mA loop), medbaln

Special Requirements — Hazardous (X-Proof), sanitary (3A Approved),
sterile, outdoor.

The user also needs to specify and address the following: dhacdhcteristics,
chemical compatibility (with pump wetted parts or flydth), viscosity, corro-
sive application (pH = ?), specific gravity, suspended solids (percenpatidle
size), air sensitivity, crystallizing characteristics, shear seitgitigize, and
price.
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CONTROL AND INTEGRATION

Manual Flow Control — Utilizing drive mechanism adjustments or

manually adjusting drive speed.

Mechanical Flow Control — Mechanically links an external drive source to
the pump head (Example: Directly linking a speedeneable to a pump
head for agricultural spraying applications).

Electronic Flow Control — (SeeFigure 5).

Open and Closed Loop Control Systems — Direct electronic feedback
from a sensing device (pH sensor, flow meter, level sipitchn elec-
tronic input on the pump (Micro-switch, RS232, 4-28,18-1 VDC,
0-10 VDC) (sed-igure 5).

Programmable Logic Controller (PLC), Computer (PC) — Integrate elec-
tronic protocols used in closed loop systems with sofvprograms
designed for process control. PLC- and PC-basdemnsgsare capable
of monitoring several input signals and contrgilthe associated pro-
cess functions (pumps, valves, heaters, mixers)lsineously.

DC Servo and Stepper Motor Controls — Often used for analytical and medical
instrumentation, it is usually integrated into the desfgheinstrumeris

electronic circuitry, although a variety of servo andstegontrollers are
commercially available.

H
ST XY= waniiodige < ~ S &

nowueR |

OPEN LOOP SYSTEM CLOSED LOOP SYSTEM

FIGURE 51 Control systems for metering pumps.
ACCESSORIES

Pulsation Dampeners — The pulsations generated by reciprocating metering
pumps produce pressure that the system sees in the forntiaf iaecel-
eration, shock, noise, and reduced service life. Blanghe discharge side
of the pump, the pulse dampener (Bagure 52 acts as a shock absorber
and makes the flow more uniform. On the suction sidgyulse dampener
acts as an accumulator, reducing cavitation conditidiost pulsation
dampeners consist of a chamber containing a diaphragm or bellows that
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separates the process fluid from pressurized gas. With each pulse, tlié gas w
compress and relieve a portion of the pressure generated. Devices as simple as
corrugated in-line tubing can also be used in many applications to reduce
pulsation.
Strainers and Filters — Remove solid particles from fluid stream that could
damage internal pump components that usually have tight clearances.
Check Valves — Incorporated into most metering pump designs tiahdil
check valves are often added to increase pumpificjeaty by preventing
backflow. They also help maintain pressure on the suctae of
pressureloaded gear pump heads.
Pressure Relief Valve — Since metering pumps are positive displacement
pumps, a pressure relief valve is often considered éodidtharge piping
to relieve extreme pressure conditions, therebtepting the process instru-
mentation, piping, and in most cases, the purefi.its
Flow Detection Device — Most pumps rely on the presence of fluid for both
cooling and lubrication. Flow detection devices are dfistalled to detect
a no-flow or dry condition on the suction side to protect the punmp fro
running dry. A provision must be made, usually infdren of a time delay,
to allow the pump to prime, or not to be falsdiytsdown by small volumes
of air.
Pump Head Heating Devices — Usually steam, hot water, or electric, these
devices heat the pump head, allowing viscous fluidfiote more easily.
Isolation Glands — Used to isolate air-sensitive process fluids femals and
packings.

FIGURE 52 Pulsation dampener.

Other auxiliaries may include back pressure valve, pregsiuges, etc.

TYPICAL APPLICATIONS

Industrial:

Water and Wastewater Treatment — addition of sanitizing agents, pH
control and conditioning
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Chemical Process and Instrumentation — catalysts, additives, paints and pig-
ments, etc.

Agricultural Spraying, Chemigation, and Mosquito Control — metering pes-
ticides, herbicides, nutrients into fluid lines; grain gergpreservatives

Metal Stamping, Finishing, and Casting — stamping lubricants, coatings,
foundry catalysts

Precision Cleaning — parts washing, laboratory glassware washers, car
washes

Battery Manufacturing — dispensing electrolytes, slurries, and stampingi-lub
cants for button cell batteries

Semiconductor Manufacturing — dispensing of photo chemicals, developing
and etching solutions, wafer cleaning, slurry miege

Food — addition of ingredients, colors, flavors, preservatives, and coatings
for candy

Tobacco Manufacturing — controlling moisture content and flavor (menthol)
addition

Pharmaceutical Manufacturing — laboratory, process chemistry, and packag-
ing (filling and dispensing)

Analytical Instrumentation:

Preparative Chromatography

On-Line Process Analyzers

Air and Water Sampling Analyzers — emissions from factories (stack gas)
Titration and Dissolution Apparatus

Spectrometers

Medical:

Diagnostic Equipment and Clinical Chemistry — automated in-vitro
diagnostics
Dialysis Equipment — precision re-circulation of dialysate
Contact Lens Manufacturing — soft lens filling fluid
Pharmaceutical and Biomedical Product Mfg. — manufacturing and packaging
Disposable Kits — adhesive dispensing for plastic medical compongsitg)
UV curable adhesives and solvent welding
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The Advantages of
Rotary Pumps

The advantages of rotary pumps are the following:

Efficiency — 20 to 5% (depending on pressure) higher efficiency for most
typically pumped liquids, with high viscosities.

Viscous Fluids Handling — Above approximately 300 to 1000 SSU (such as
DTE light oil), a centrifugal pump simply cannot be yseslviscous drag
reduces efficiency to nearly zero. PD pumps contioymimp at high
efficiency, with no problems.

Pressure Versatility — As an example, a4 x 1 to 6 centrifugal pump can
only produce approximately 20 psi system presdut8@0 RPM. A similar
PD pump goes to much higher pressures. This goes back to the inherent
characteristic of PD pumps dow generators, practically unaffected by
pressure, within a wide range.

Self-Priming — a typical ANSI-dimensioned centrifugal pump that is com-
monly found in many chemical plants cannot lift liquid. Anstard PD
pump, such as a gear pump, can easily lift liquid indnge of 1 to 20
ft. Centrifugal pumps can be made self-primingaliging a priming flod
chamber in the inlet, however, this adds expense aratagadlimensional
interchangeability.

Inlet Piping — Centrifugal pumps are extremely sensitive to ipiping
details. Improper piping may cause an increased NPSHRatiavj high
vibrations, and possible damage to seals and bearings. PI3 pusripss
sensitive to inlet piping and can be a real solution for manycdiffi
installations with space constraints, since pipirgglifications to the exist-
ing setups are very costly.

Bi-directional — By simply reversing the direction of motor rotation, many
PD pumps will pump in reverse, which can be advamagén many
processes. Centrifugal pumps can pump in only one direttiGome
installations, two centrifugal pumps are used: onéofling, and another
for unloading, which doubles the piping runs, valves, and auxiliaries. A
single rotary pump would do the same job. (Note: Relief vablesild be
installed in both directions in such cases.)

0-8493-2?7?-?/97/$0.00+$.50
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Flow Maintainability — PD pumps produce almost constant flow, regardless
of fluids’ properties and conditions (viscosity, pressure, anddeahpe).
For centrifugal pumps, a change in fluid propsréiad external conditions
would result in a definite change in performance.

Metering Capability — PD pumps can be used as convenient and simple
metering devices. Centrifugal pumps have no saephliilities.

Inventory Reduction — Since PD pumps can pump a wide variety of fluids i
an extreme range of viscosities, the same pump partsanyéntequired
for a wide range of applications throughout the plant. Centrifugal pumps
require a greater multitude of sizes for differgmplications, which results
in increased inventory of parts.

Nevertheless, centrifugal pumps also have numerous advantages ate opsrwell,

especially at very low viscosities (such as water, etcanvetpplied properly, as will be
seen from the examples that follow.
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1 O Case History #1 —
Double-Suction
Centrifugal Pump
Suction Problems

The job of a centrifugal pump is to generate enough pressureetoome system
hydraulic resistance. But it is tffeesponsibility of theliquid to get to the pumgf the
suction pressure is too low, the hydraulic losses‘eat away enough pressure so that it
could drop below the liquid vapor pressure. (A simplification of bgilmechanism
with reduced pressure is showrFigure 53) Such formation of vapdrubbles (cavities)
is called cavitation. If there is a lot of bubbles in the@éfter inlet, the impeller may
become“vapor locked; and the pump will stop delivering flow. If cavitation is less
severe, a partial loss of flow will occur, accompanied by npidsations, vibrations, and
pump failures?

As bubbles progress through the impeller, they enter the draereased
pressure. The bubbles then collapse with high iitferas sort of micro-explosions.
Some of these bubbles collapse within and into tlmeosnding liquid, causing
micro-shocks (high frequency pulsations), and thds¢ happen to be in close
proximity to impeller walls (blades, shrouds) will transfer thé&nicro-hammei-
like impulses to the metal itself, eventually eroding it. These erosions ecamb
very substantial and can eat away big chunks of blades, @fpécithe inlet region
(Figure 53.2* This is another reason why this suction phenomenon is catked-
tation” (i.e., blades being cavitating away). The best way to fight cavitation is to
ensure that the suction pressure is adequate fqyuimg and for the particular liquid
it is pumping?®

Often, the suction pressure is expressed in feet af hbave the vapor pressure
(also expressed in feet), with adjustment for losses Kgpae 55. Obviously, the
available NPSH (NPSHA) must be greater than thatmedjby the pump (NPSHR):

NPSHA > NPSHR, or NPSHA = NPSHR + safety addition.  (43)

The NPSHR is a characteristic of a pump and is detexthby testing at the
manufacturess test facilities. During the test, the suction pressure is lowetigd un

0-8493-2?77-7/97/$0.00+$.50
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NPSHR3s, NPSHA
FIGURE 53 Concept of incipient cavitation, bubble formation and growth, itdofiling.

the pump flow begins to drop. The HI has definedMRSHR as when the pump
head has decreased by 3%, from the stable condilibare is often controversy
about what stable condition is, as we shall see later.

There are two ways to drop suction pressure during testing: byatirag the
suction tank or by throttling the suction valve in front of the puiipe throttling
is simpler, but the valve causes flow disturbances, qgajng toward and into the
pump. These disturbances cause the pump head josdomer than it would in case
of a more uniform (unobstructed by the valve) flow (itke tested NPSHR value
would be conservatively, or artificially, high). The vacuunethod is moreépure;
and produces moréscientific’ results, unobscured by the presence of the valve.
There are arguments, though, that the valving metbduktter because it represents
the reality of actual field installations that always have esatpstructions in the inlet
and must be accounted for. So, an extra margin, obtained via airtregdt, may
actually be desirable from the conservative standpoint.

The NPSH tests are conducted at various flow ratesresults are cross-plotted
as head vs. NPSHA curves, as well as NPSHR vs. flow ciseeBigure 56.
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(ng = velogity head
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2
NPSHA = [ Hg + Ha +(l2§l ]-29- Hospar

Hg+ Ha + (Tg-= 101al suction head

Hg = gauge
Ha = almosphere
29 = gauge elevation correction

FIGURE 55 Concept of NPSHA, with defining calculations.
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1§ = higher NPSHR impeller design

FIGURE 56 Defining NPSHRy,, based on 3% head drop as NPSHA is reduced.

It is important to make sure that the user hascierit NPSHA above the NPSHiR
the completeange of flows, and not simply at the BEP or rated points (Sgare
57).

An example of a bad suction situation for a large double-suction cooling water
pump installation is discussed in the following paragsaseeFigure 58. These
pumps experienced hydraulic noise over 90 dbA, and the lifeeotdst iron
impellers was less than six months; obviously the customer wasgnyohappy.

Typically, large cooling water pumps have their NPSHA in the rafgg0 to
40 ft, which is essentially equal to atmosphericsguee (34 ft) plus the submergence
of the impeller centerline below the liquid level (2 to 5 ft), mitlis losses in the
suction piping (5 to 6 ft). It is always important to keasure there is enough
submergence, not only from the point of higher sicpiressure to prevent cavitation,
but also from the priming ability standpoint. Some coolirgfer pumps are installed
with the “lift” condition, where the liquid level is below the impeller centerlhe (
to 10 ft), and the checkvalve is required for priming. A checkvalveoiseimes
prone to leaking, and it also adds to losses in suction tlnes decreasing NPSHA
further. With flooded suction, starting the pump is mwmpler, and makes an
operatots job easier. In this case, the initial problem assessment and factory
site testing took almost six months, with no findingintileg to any NPSH problem.
In other words, NPSHA appeared to be adequate, apaeah to NPSHR, and
should not have caused a cavitation problemK&pg&e 57.

The R-ratio (NPSHA/NPSHR) is defined as NPSH margin. Easan to have a
good NPSH margin is to ensure as mutubble-fre& suction flow as possible.
Consider the illustration ifrigure 53 As suction pressure lowered (NPSHA reduced),
initial bubbles begin to form at significantly highNPSH than the NPSHR

You can verify this occurrence by conducting a simple ix@at at home, by
observing the boiling of water in a transparent panfirat, tiny bubbles appear, and
eventually a completé&percolating process follows. The same happens in a pump,
except that boiling is induced not by adding heatamstant pressure, but by lowering
pressure at constant temperature. Cavitation (formafidsulobles), therefore, devel-
ops over a range of suction pressures, and is not ingantarCertainly, it would
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FIGURE 57 Within the pump operating region, the NPSHA margin &howt have caused
problems in this example. So, why are there prolffems

be ‘nice’ to have NPSHA > NPSHi = incipient, with no bubbles at all), but this is
impractical because the R-value would need to be in the range of R 2Q,0rierder
to achieve nearly bubble-free flow. Besides, each foot o &P SHA would require
increased construction costs, since the cooling tower would ndesl rmised. These
economic considerations have led historically to typical R-values2ofol1.6 for
cooling water pumps.

It is known from the previous field and lab studies onitatiun that the maxi-
mum damage to the impeller occurs not at the NP{H& might be intuitively
expected, but at somewhere between that value and NPSkh the region of
incipient cavitation, bubbles are too small and too few, and motteai collapse
into the liquid which surrounds them. The hydro-acoustic riniffeat region can
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FIGURE 58 Double-suction cooling tower water pumps installechajor chemical planf8.

be detected only with the use of specialized equipm&ntpressure is reduced
further, more bubbles form, and noise, pulsations, and vibstiickly begin to
rise. At some point, there are so many bubbles in the str@amnthey are so large,
that some of them begin to cushion the collapsing impulses of offfeesnoise is
reduced, while the pump still continues to pump (Begire 59. Further reduction
in pressure produces a great amount of bubbldset@ttent that the suction passages
become vapor-locked, and choke the flewthe pump stops producing head and
flow, and it essentially is running dry. Lowering the pressure fgkythis region
extends the cloud of bubbles from the impeller eye upstream into ¢tienspipe,
causing a very severe flow regime intermittent chunks of liquid, followed by
vapor, then again by liquid slugs, and so-ena very unstable and violent process,
with high vibrations, noise, and damage to the equipment. The ndttinés dype

of noise is different: a morémetallic’ sound, rather than th&ebble-lik& sourd

of “classi¢ cavitation.You better get the pump out of this region fast!

As was explained earlier, the best way to avoid cavitation is tesdaraas
possible into the regiofiR” (to the“right” of the maximum damage point on a
curve, seerigure 60, thereby into higher suction pressure range. For many small
process pumps, such as ANSI, APgtc., this is not too difficult to accomplish. For
example, a 1.5 x 1 - 8 ANSI pump running at 1800 Rl require, say, 5 ft
NPSHR, and a 10-fold margi(Ri = NPSHNPSHR = 10), would mean 50 ft
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FIGURE 59 “Damage curvé,as a function of NPSHA.
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FIGURE 60 “D-curve; damage vs. NPSHA

(or approximately 20 psia 5 psig) suction pressure. This is easy to achieve for

small pressurized tanks. Howeve

r, for large pumps, such as cooling vweater

pumps, there is no economic way to increase suctiesspre, and some other
methods to fight cavitation are needed. Since it is not possible ve meay from
the maximum damage zone into tfi®” region, perhaps a shift into th#&” region
could help. There is little room to maneuver, howgire order to fine-tune the pump
in that region, since tH&_ region is rather small and its boundaries ar&notvn
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a priori: going too far will get into a fully cavitating region with saerable loss of
flow, and not going far enough does not solve #maabe problem significantly.

First, we need to pinpoint tif&” region more accurately, and the shape of the
noise curve must be determined. The simplest way to acistntipis is with a handheld
sound meter, although measuring pulsations and/or vibratiorid wouk as well.
Pulsation measurement is a somewhat specializedgstaeguiring transducers, power
supply, and processing equipment. Vibrations, on the other harglpguier, but may
not produce enough magnitude variation between the data points dinpinjth
sufficient accuracy the slope of the changes of what is goirgsate the pump. Sound
measurements are easy.

As can be seen froffigure 59 the shape of the noise curve has an inflection where
the slope changes to a more rapidly rising curve. This is krasvian onset of
recirculation, as famous papers by Frézend Karassik explain. The onset of
recirculation modifies the NPSHR characteristic. Suctioira@ation isnot desirable.
A mechanism of suction recirculation is showirigure 61

Suction
Recirculation
Vortex

— %
—_—
—_—

—_—
—_—

) U
L f

Recirculation

&

NPSHR

\
No Recirculation

On-Set

.

Flow

FIGURE 61 Impeller eye recirculation increases NPSiHRMore NPSHA is required to
compensate.

A significant effect on the recirculation can be made by changing the impgé#er
size— the larger the eye, the more prone is the impeller to recirculatiorFige®
62). However, if the eye is too small, the fluid veétpcentering the impeller eye is
increased, and (back to Bernoulli) the higher velocity causes staticreresslecrease,
thus raising NPSHR.
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FIGURE 62 Large eye allows less NPSHR (and, therefore, NPSHA), bup myaration is at
limited flow range. Small eye requires more NPSHR (NPSHA) at therB&gin, but allows
operation at lower flow due to preventing (delaying) recirculation.

Let us now introduce the concept of suction specific speed (Nss):

— \'I.

Equation 44 is similar ta&Equation 34 except that the head is substituted by the
NPSHR at the BEP. Just as Ns characterizes theontou? of the impeller mostly
at the discharge region, the Nss characterizes its suejfiepghape (sdégure 63.

Typically, the range of Nss varies from 7000 to 15,000, withiapeesigns
(inducers) of even higher values. Through expeeemsainly from the pump usérs
community (Amoco Oil, DuPont, and others), it has been found tleatapproximately
Nss = 9500, the rate of pump failures attributed to suction incre@geticantly (see
Figure 64. The HI has suggested even a more conservatiigndesiue, of Nss = 8500,
which limits the eye size.

It is true that if a given pump was never to operatside its BEP point, a much
higher value of Nss could be used (and is even desirabgjting in lower NPSHR
(seeFigure 62, and therefore allowing lower NPSHA, thereby lowgriconstruction
cost. There are some rare cases when such designs are nechdas sn an existing
installation with inadequate NPSHA, where the low NPSHR impeller is the only
solution, provided that the range of flows is vearrow and stays around the BEP.
In most cases, however, centrifugal pumps operateviida range of flows, below
and past the BEP point, reflecting the variable plant famecboling water. When
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FIGURE 63 Specific speed (Ns) characterizes the overall impeller prefilape. Suction
specific speed (Nss) characterizes the eye size, for given specific speed (Ns).

Ng, ~ 9500
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FIGURE 64 Industrial pump usetexperience: number of failures tend to increase very rapidly
above Nss- 9500.

operating at low flow, a recirculation becomes a realityd the lower Nss designs
could becomelife savers; as they are more forgiving in that regard. This is why
it is customary to limit the designs to Nss = 9000 to 10000. (Note: Thes@ie
confusion in deciding which flow to use to calculate the value of fhisslouble
suction pumps. In some papers, this flow is taken astdtalf pump flow, i.e flow

per eye.) The HI, however, maintains a definition of Nsedbas total pump flow.
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For this reason, when comparing Nss for differergigies, make sure you know
which flow was used for the Nss definition).

QUIZ #5 — ARE Ns AND Nss DEPENDENT ON SPEED?

Show that Ns defines the impeller contour only by hypothetically speegingur
punp. Will Ns change? Why?

SovruTioN To Quiz #5

JQ -
Ns=N"— "N =KN (K =speed increase multipe

H s (new)
By Affinity,
Q¥Q=K,  HYH~K?
so:
WKQ  KiNQi2 NJ/Q ‘
N« = (KN B = / J = . =const. , l\i =Ng=const.

34 7
(KaH KazH H

To return to our case, since we could not find anythinghg/moechanically, and the
NPSHA also appeared to be adequate, suction reaironlbecame suspeand
two design modifications were made. First, a smaller eye impelss
designed and tested in the field. As can be seen Figure 65 the smaller eye
indeed suppressed the onset of recirculation toward |flever and the sound
curve has shifted to the left (toward lower flow), thus making theddevel
lower for most of the operating region.

As would be (unfortunately) expected, the pump rowld not, however,
operate as far out to higher flows beyond the BEP becauseSHRIfstonewalling at
high flow, quickly exceeding the NPSHA in that region. Fortunately, ldnet poncern
was in the lower region, where this pump needed toatpeand coverage for higher
flows was not important. The solution, therefore, was consideredpaovement.

Upon closer examination dfigure 65 the sound level appears to be reduced
even more than simply by the curve shift (toward the low flew)as if by some
additional effect. The reason for this additional improvement in n@daction is
that the eye size was not the only design changeenfiadsuction performance
improvements. The actual shape of the impeller blade inletgipdso very critical
(Figure 66. Analogous with an airplane wirig,a blunt and badly contoured blade
leading edge causes vertices, flow separation, turbulemckloss of performance.
The shape of the impeller inlets is important. A prop@rt@uring of the inlets can
improve suction characteristics and impeller life very sigmifity. Also, a proper
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FIGURE 65 (a) Original large eye impeller
(b) Expected curve shift, with smaller eye

(c) Actual improvement, including combined effects of smaller &gtter
blade inlet profiling, and casing suction splitteadifications (contouring)
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Biade inet optimization, using 2irfof! shaping to dasensitize inlets to tiow incidence,
i.2. beter cavitation characleristics.
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FIGURE 66 Impeller blade inlet profiling improves suction performance.
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FIGURE 67 Comparison between the old (left) and new (rigplifter design for better flow feed
into the impeller eye.

design of the suction splitter (séégure 67 of the casing can further improve flow
uniformity and suction performance.

Therefore, the new design combined all three improvementésasmaller eye size,
a so-called’P-bladé& contour, and a casing suction splitter modificatiottéogrofiling).
Low flow separation was much deterred and improved, which exdutiional noise
reduction benefits.

These, and similar troubleshooting techniques, can be appliédtubborrt
cooling water pumps. In each such case, you need to examine thiéation
carefully, gather data, and evaluate the design in terms of inlet cmsdith com-
bination of analysis, modifications, modeling, amedting may be required. Usually,
the choice of the recommended actions is wide, and it is importgihpoint the
most effective and economical ways to solve each particutaping problem.
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1 1 Case History #2 —
Lube Oil Gear Pump:
Noise and Wear
Reduction

Next, we will examine the troubleshooting methods for the case of an exgearal
pump operating at 415 RPM (3.55:1 gearbox reduction from 1470 RiBir
speed), delivering 219 gpm of heavy oil (2500 S8lUhhe blending plant. The pump
operation was reported to be noisy, and the customer contacted theygptier, after

a local environmental inspector reported his findings osentgivels as exceeding the
allowable limit and in need of correction.

First, the alignment of the endplate and faceplate to the casing was checked,
to ensure that the dowel pinkbcation was correct— otherwise, the bushings
“mis-positio’ would offset the shafts (with gears on them) onto the case, gausin
rubbing and, therefore, noise and wear. Gear pumpsftame made from cast iron,
which is known to have good self-lubricating prd@sr due to high carbon content.
This ensures non-galling operation, even if gears, defleby the pressure dif-
ferential, contact the casing. While not always causing catastrophic failhigs, t
could result in noise and premature wear. The inspection of tim@ gomponents
had shown that the parts were machined correctly and the dowels ogtiened
properly, so that no mechanical contact between gears and thehcaste Ise
occurring (seé-igure 69.

The design of a gear pump is typically such that the bearatgarance is less
then the clearance between the gears and case. This is very importsiatinless
steel pumps (especially 316ss material), partifulahen pumping thin liquids, but
even in the case of iron construction, it is still a good desigaotipe to follow the
rule of avoiding mechanical contact (which appeared to be true for ribidepm
pump case).

QUIZ #6 — DOUBLE GEAR PUMP LIFE IN
TEN MINUTES?

Can a worn-out gear pump life be doubled with no new parts addfications?

0-8493-?7??7-?/97/$0.00+$.50
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2CR = diametral clearance between the gear and case
2C, = total lateral clearance, gear/endplates
2Cg = diametral clearance between the bushings and shaft journals
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Relief Valve
Adjusting
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FIGURE 68 Gear pump for Case #2. (Courtesy of Roper Pump.)

SoLuTioN To Quiz #6

If a gear pump casing is turned around, for example, as dischadysuction ports
are swapped, the worn-out part of the casing would face the discharge end, and
the non-worn section would face toward the suction end. The weae aftling is
caused by the differential pressure pushing (deflecting) the shafitsg®ars, onto
the casing wall. The force moves the gears away from the discparten of the
casing, and toward the suction, where wear takes place. When the cagsingds t
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around, the non-worn part of the casing will actuabigtore the radial clearance
between the gears and casing, thereby reducing the slip, and restorimgrthe
flow. Certainly, this solution is not a permanent figr the casing and gears will
continue to wear, but it will prolong the operating lifeile a new pump is procured (see
Figure 69. The main problem, however, is that the pumpadably misapplied to begin
with: the differential pressure must be reduced, or a higher pressurpuatpdiesign
should be installed.

FIGURE 69 Increasing life of the worn-out pump.

Continuing on with our problem. Because no obvioushanical problems were
found, thehydraulics was suspected next, and cavitation was consider®d,
explained below.

For rotary gear pumps, the measure of suction performanceimsumnn allowable
suction pressure. This is different from the centrifugal pumperevNPSHR (and not
suction pressure itself) is used as a criterion. Similarly, with centrifugatgrtain
percentage drop in suction performance is used to estgil;, except that instead
of the drop in head (as in centrifugals), a drop in flow is uSkd.HI defines a 5%
decrease in flow as a threshold at which minimumiredsuction pressure is defined
(seeFigure 70.

For multicomponent liquids, which are indeed offammped by the gear pumps
(i.e., complex oils), the shape of the curve may not have a weibpnced drop,
but a more gradual, sloping decreasgrdop’). The reason for this is ‘&tep-like’
vaporization of the components (e.g., aromatics) as yeess reduced. Data about
minimum required suction pressure is available from theufaaturers and should
be carefully considered when selecting a pump. This data is baseshlpodn
cavitation aspects in &lassi¢ sense (i.e., vaporization, or bubble formation), but
also should include considerations of the effect of a different natutlat is the
ability of the incoming liquid tgfill the cavities between the gear teeth during the
time these cavities are exposed to the incoming liquid during the revolutithre of
shaft, as was explained in the earlier section on gegogum
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FIGURE 70 lllustration of minimum allowable suction presstoegear pumps, as compared with
centrifugal pumps (HI definitions).

The pmin criteria, known to a manufacturer, should be baseactunal tests and not
strictly on calculations, because the process of cavity filling is veryplexnand
depends on many factors, such as speed, viscosity,enwhteeth, and casing porting
arrangements.

For the pump in this example, the cavities between the getlr were not filled
completely by the incoming liquid. The resulting tioes in voids generated a
distinct noise, similar in nature to flow separatidpebbles) in centrifugal pumps
during recirculation.

Sometimes, the air injection into pump suctiéh may reduce the noise signif-
icantly. This is typically the case when cavitation hasteddabut has not yet devel-
oped enough to the point of flow reduction below a significanell As we recall
from the discussion on centrifugal pump=svitation, the noise diminishes if the
amount of vapor bubbles is significant enough to cushion thepsoig impulses
of each other. The injected air essentially acts similarafmw bubbles, resulting in
a similar cushioning effect. This technique was tried withghisp, and (to every-
on€s initial satisfaction, the noise disappeared completely

This, however, was considered only as a temporary solufirst, the air supply
at the pump inlet was not readily available, and the presehthe compressor just
for this purpose could not be justified. The customer was also conctraethe
injected air may cause unknown and undesirable effeetasiieam, where it would
tend to come out of the solution in large volume atdher pressure regions.
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Therefore, a method similar to the one discussed in the previous lexaitlp a
centrifugal pump was tried. To drop suction pressure sufficiently, to estgon
“L,” the suction valve was throttled. The noise was redgoédtantially as shown
in Figure 71 When the valve is throttled even further, the noise would rise again,
and much more violently now with a distinct metallidanking;” as gears begin to
run essentially dry— this is similar to the example with the centrifugal pump in
the previous case. In other words, the valve position would habe fine-tuned
very accurately during the operation, in order to stay away the high noise level,
but not to the extent of choking off the suctiormptetely. If the level in the supply
tank would change, the inlet pressure in front of the pumpldvfmrce the pump
to operate either back at the high noise point of cavitatorswing the other way,
dangerously close to vaporlocking condition. Manual restdjent of the valve
would thus be required each time the process variations resultitige itank level
changed, which would be often and unpredictably. To aationaalve position and
adjust tank level would be impractical and expensive

Noise

.

10% 100% p;ction
open (full open)

(or % suction valve open)

FIGURE 71 Inlet valve position alters pump suction pressurangig noise level.

As is often the case, the problem was certainly a combination ofnp pad a
system interaction— a different pump in the same system, or the same pump at a
different system, operated satisfactory with no fgoils. In fact, the puzzling thing was
the fact that the same design operated without problem irultitute of other
installations around the world.

In general, when looking at ways to improve a pump design, bynmatkless
sensitive to suction conditions, a filling abilitf the tooth cavity, as was explained
in the earlier section on centrifugal pumps, is ofidhe most obvious areas of
potential improvements. Many large gear pumps have small diametral ipich,
few teeth for the pitch diameter. The number of teeth cbelds little as six. If the
number of teeth is increased, the cavity between the teetbngaller (just as a
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tooth itself gets smaller), making it easier to fill the cavity during Itmited time
of its exposure to suction port (sEgure 72. However, this has a significant impact
on the design: if the same casing is to be used (bytaiaing the same distance
between gear centers, i.e., same pitch diameter), tleemettv pitch requires new
hobs (cutting tools used to machine the gears), themdthiyga cost. Besides, smaller
pitch would produce smaller teeth, which would redpcenp capacity per each
revolution (refer to the example in Quiz #4). If the design changepgactical and
costly, a simpler way is to reduce the pump speed. The resident tithe o&vity
exposed to the suction port would increase, although the net flow wealgase.
Sometimes the decrease in flow is acceptable (fample, in non-critical oil transfer
applications), and this solution could reduce the noisstanbally. This is what
was done in this case; a gear reducer was retrofitidd a different set of trans-
mission gears, and the pump speed was reduced from 414 RPM (36289 t
RPM (5.18:1). The noise reduction was indeed subisfamnd the solution was
accepted by the plant.

Space 10 be filled
with liquid ==~

FIGURE 72 Liquid must completely fill the space between the geeth to avoid cavitation.

Certainly, there are many situations where the reduction in flow wouldeiot
acceptable due to the process flow requirementsfdsusimple transfer services
there is usually room to work. For cases where flow rbestmaintained (or even
increased), a larger pump, running more slowly, wdadda better initial choice.
There are some other methods which can be considered, each of wistkhen
analyzed on its own merits for applicability in each paléic case, where seemingly
insignificant nuances of the installation may turt to be the Achilles heel that
makes or breaks the success of the troubleshooting job.

Before jumping to quick solutions, it is important first to understaficf the
variables and relevant factors, which can eyesyibly affect your pump and a
system. Next, you must identify and decide which varglles critical, and plan
the potential solutions to solve a problem, step by step. Oftamaif/sis and
planning are done upfront, considerable time and efforldcbe saved overall in
the long run.
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1 2 Case History #3 —
Progressing Cavity
Pump Failures

As mentioned earlier, progressing cavity pumps (PC pumps) arenktoowperate
very well in many particularly tough environments where abrasion and melee
other types of pumps impractical. In the case of thismgpa, a medium-size PC
pump was installed at the wastewater plant in the last state d¢featment process.
At that stage, all bacterial and other contamination impurities are already removed
by the upstream processes (chemical additives, settling tetieks, Now, the pump-
age had to be transferred, as a final sludge of very high vis¢d8ily000 cp), into
large containers for trucks, to be subsequently hauled as fertilittex farm fields.

The problem reported was that the pump would stop pumping in lessotie
week. Rotors would wear badly, and increased leakage path woul lossng all of
the pumped flow in slip. It was first suspected thatinitial fit between the rotor and a
stator was too tight, which, in the presence of a veryviigous pumpage, would
cause high friction and wear.

The relationship between the rotor/stator clearamak dip is not linear (see
Figure 73. A good thing about the fit being tight is that there is practicadyslip,
especially if the number of stages is large at the same time. PC puenpgpically
designed for approximately 75 psi per stage. A 300 psi apphcatitypical for PC
pumps, although there are extremes in both directieitls pressures as high 2600
psi. For 300 psi, a 4-5 stage design would keep slip to a minimubadhing,
however, about a tight fit is high mechanical fant resulting in high running, as well as
starting, torque.

If fit is reduced, but still tight, the pump flow woulémain relatively constant,
and would not change much until the value of -0.0dEBimetral interference is
reached ¢’ indicates interferences, an#é’ means clearance). Eventually, slip begins
to take place, and increases almost linearly with change ineirgade, until about
line-to-line fit is reached. After that, slip increases exponentially and regpidly,
and at +0.015"/+0.020" most of the flow could be recatingy back to suction, (i.e.,
fully slipped). The volumetric efficiency follows the tokras explained previously.
(Note: the values are approximate and depend on other factors, sommiclofare
explained subsequently).
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FIGURE 73 Slip and torque, as functions of rotor/stator fit.

The starting torque follows the reverse relationshigpoaspared to slip. At first, with
tight interference, the starting torque is extremely higimany field problems can be
traced to this, and many motors have suffered when started in(¢isssatially locked
rotor) conditions.

The trick is to know the correct interference @achnce, to satisfy both throughflow
requirements with minimum slip, and to ensure that the pump sgtatiitity is not
impacted. The temperature is another factor to consider, sinedastemer (rubber)
expands, changing the rotor/stator fit. It is plipdetter to err on the safe side, and end
up with somewhat more slip, but longer lfe the life of the rotor and stator decrease
exponentially with fit.

Working with the customer, we did not find anythiogviously wrong with the
pump or the system; no blatant mistakes were made in theadigol. The factory
test data and the design parameters did not point out ablangus reasons for
concern either. The pumpage was not abrasive, and all hard particulagoirlu
had been removed way upstream before the pump. The paspunning at about
450 RPM.

After a full day of work, rather disappointed with lack afrgies, | stood some
distance away from the pump, thinking about other possitlses of the problem.
Absentmindedly, | picked up a handful of lime, which had edequt of the bag laying
nearby. Mauling it around in my hand, and thinking aboutptheap, my hand felt
moisture apparently emanating from inside the lime. | could also sbasg particles,
like little stones, in my hand.

Lime is added to the pumpage in small quantitieSswfter the pumpage or
to reduce the high viscosity of the sludge. Addedhat pump suction, the lime
produces a mild chemical reaction resulting in somaer, which is helpful to
lubricate the stator/rotor interference, to reduce friction (withaiindous intent to
increase the pump life), as well as save energy cost via better efficiency.

We picked more lime, placed it in a container, amakhed it out. The lime
“melted away and washed, but a few stones remained at thenbatfahe container.
The label on the bag indicated the lime contairméd @ very small percentage of
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FIGURE 74 Resistance to wear, due to rubber elastic energy to receive/eject particles

impurities. Although the process sludge is not abrasive, the addition lohtte
particulates with lime changed what was entering the pump suction.

Generally, PC pumps work well on abrasive applications, providedhtaa
rotational speed is selected properly. When abrasives pass throughdDipthep,
it is the unique characteristics of the elastomers, such as rubber, that saye the da
instead of fighting it, the rubber actually catches the particles, deflectiniself,
like a trampoline. This deflection results in elastic energy, which is then reteased
catapult (i.e., to eject) the particles out. Very little damage to theerubsults, but
it can be spotted upon the examination as many small, often microsagpi¢see
Figure 73.

When the clearance between the rotor and a stator is sufffitiere is enough
space for the particles to be released to; otherveieme of them gefjammed just
when the catapulting action is about to release them. If this natural leng-
mechanism of embedding-and-release is interrupted, or gets outncfirggism
(similar to a swing abruptly stopped), the elasticrgnds lost, and the particle
remains embedded in the rubber. Depending on rotor/dtatand particle size and
shape, enough particles may become embedded in the elastomer, creating a very
abrasive surface (sdéigure 75. The wear that it causes is then obvious. Even if
this lime was purchased at a premium with lower residual limestone, it wotld no
take long to create the abrasive surface; perhapswed failure rate could be
stretched to two, but no more. The only way to habdese particulates is to remove
them. Working together, we devised a simple cyclone separator, sartrap, to
keep the particles from jumping over the wall of ttsoppet device we designed
for the suction line (se€igure 7§. Periodically (we calculated once a day), a hatch
in the bottom of the trap would have to be opened @eaned of particles- either
manually or automatically.

The solution may be good for this relatively smaihp size, but would it work for
larger sizes? The inlet trap may or may not workierlarger sizes because the settling
velocity of the injected lime could be different (if too high, it woaldry the particles
over the wall of the barrier), and again, some experimentation couldueete Often a
simpler and possibly better solution, from the beginnirayld be to apply a larger pump
size, running at slower speed, perhaps 150 to 200 RPMlder speed would be more
forgiving to abrasives. The somewhat higher initial cost ctalde been paid up in
repairs, parts, and process downtime. The fit betwee rotor and stator should also be
loosened.
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FIGURE 76 Lime stoné‘stoppet device. Heighth” depends on patrticlesize, compressor air
supply, and percent of allowable stone to the pump.

Overall, a combination and impact of several variabladdvweed to be investigated
and sorted out, perhaps with some testing, to deviskahle, trouble-free, economical,
and lasting pump operation.

Those who tried know that a solution to pump problems is oftealndbus, and,
just like the cases we discussed in this book, resapproached carefully and with
consideration of al— even seemingly unimportant factors.
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13 Troubleshooting
“Pointers” as Given
by Interviewed Pump
Users and Plant
Personnel

* Rule Number Oné:Always do the easy stuff first!

» Always check the rotation of the pump.

» Make sure relief valve setting is correct.

» Check speed for belt-driven, or vari-drive, cases. Do not take tbhem f
granted.

» Check the integrity of the coupling.

 Alignment: How and who? Is piping forced to flanges?

» Trace the system and make sure the valves are apknhat you are
pumping from the correct vessel.

 For heavy viscosities, make sure the pump is wampeatior to starting.

« Check for high temperature on the bearing housing to detect excessive
thrust conditions. Bearings could tell you a gotmays

« Inspect oil level in the bearing housing.

» Check for signs of discoloration.

+ Inspect seals for leakage.

» Discuss changes in operating condition: New product duairtion or
adjustment? Compare stories.

« Discuss changes in line-up or changes in operating perfoeman

» Only after the above questions are resolved, consider the removal of the
pump from service.
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1 4 Application Criteria and
Specification Parameters

The variety of pump types and sizes may be, and usually are, vefiysicg, and
it is difficult even for the experienced pump ustramake a proper/optimal selection,
for his or her application. In many cases, a given plant simplgwslithe past
practice in specifying, purchasing, and repairing of the rotating equtprba
requirements of various departments within the plant caldd be conflicting at
times, adding to the complexity of the decisions on pump applicatiategy. For
example, low MTBF would require frequent repairs antligh maintenance budget,
but the initial pump cost could be low and, in that seatieactive to the purchasing
group. Atotal cost would need to be evaluated, including cost of lostymtion
during outages, spare parts, etc.

Another example could be an ease of flow control: It is easy to ehtueg
operating point of a centrifugal pump simply by throttling a dischaajee, and
this could be attractive from the operasoriewpoint, especially when fast change
in flow is critical to a process. However, flow contrgt talve throttling is
inefficient and also causes high radial thrust (Seatsl bearingslife reduced) at
low flows or excessive NPSHR at high flows (cavitation damegg low impeller
life). For a small, low horsepower pump, this may notaberitical issue, and
operators ease of control and flexibility would be a more important factor to
consider. For high energy pumps, such as cooling water units, beddrand
similarly, the savings in operating at or near the BEP vs. runthiagoumps off-
peak, could be substantial. The investment into varialdguéncy drives might
be a good option in such cases.

In reality, for the existing applications a change in a pump typeven size,
is usually difficult to implement for the above reasons, unless ithiglgm is very
pressing and serious. Technically, the change is usually not iféicpld but the
implementation logistics prevent such changes. A centrifugappuay have a very
bad piping configuration at the suction side, causing dartanoise, and failures,
but the realities of the existing space constraints may be such that piginges
are prohibitive, and the best approach well may bgus$b continue the existing
policy and try to minimize the downside as much as posgiblehave spare parts
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(seals) on hand, conduct predictive maintenandeetter pinpoint parts replacements
before catastrophic failures occur, etc.).

For the new applications, the options are much more open. If aastyfis
only at the design stage, this is the best time to imgast pumping options. The
limitation of having to fit a different pump type or simto the existing piping is
no longer a constraint in these cases, and does not require an additiosimhémie
(piping modifications to the existing installations can be very expensspecially
for larger pumps).

Referring to the HI pump chart (s€égure ), the initial step is deciding on a
pump type: kinetic, or a positive displacement. Although there are excep®ias
general rulekinetic pumps are used fdrigher flows and lower pressures (heads),
while positive displacement types are used fdower flows and higher pressures.

APPLICATION POINT #1: PUMP TYPE —
SPECIFIC SPEED CRITERION (Ns)

Ns :RP_MLQ

H0.75

If Ns > 500, you are most likely in the area of centrifugal pumps.
If Ns < 500, a positive displacement pump is a likely candidate.

Keep in mind that a specific speed characterizes an individual impeller. For multi-
stage pumps, a specific speed must be based on the head per stagealileead
divided by the number of stages. For the initidéct®on, however, a particular pump
type is not yet determined so the total head must be used to point oupaype,

in order to start off the selection process. As was mentioned edhnlze are
exceptions to the rule. Some kinetic pump types can generate verydadh(duch

as regenerative turbine pumps), and the specific speed criterionggestaa above
would not hold true for them. For the majority of cases, howehés,criterion
should give the user a reasonably reliable and quick method to determinesthe mo
likely solution to his or her application selection. If theer is aware of a reliable
supplier of such special pumps, an additional inquiry tmayworthwhile as it might
turn out to be the best solution after all, for a givapliegtion.

APPLICATION POINT #2 — WITHIN THE PUMP TYPE

Assuming the pump type is known, we need to begin to narrow down the pump
type more specifically. If a centrifugal pump is selected, the choice isvérung
impeller, or between-bearings design. There is altarlzine type design, but the
other selections are more straightforward and are traditiorefligcted in the appli-
cations: space limitations of power plants and the need to take suctionh&opit t

with relatively high flow of water, brine, or similar pumpage, agriaelticooling
water, etc.
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Familiarity with the existing pump specifications is helpful, and a cophedge
specs should be at the plant engineering department. Examples of spegifica-
tions are ANSI, typically used for applications at the chemical plamsg API,
generally used for the refineries. Over the years, both ANSI and pgelfisations
have grown to rather comprehensive documents, which now cover siagée-s
overhung centrifugal pumps (and more for API) and include diioeal require-
ments, sealing arrangements, materials of congnjotitc. You can learn a lot about
pumps, just from studying these specs and understandingakerrs for their
particular requirements, and your training depantnreay want to coordinate a short
seminar for the plant operators, maintenance, eagitg and purchasing personnel.
Such training is done either by internal experts or external consulictghe time
spent on such training is well worth the effort.

If you are going to pump water, for a very general application, aifteya
pump is probably your best choice. It does not nede an ANSI pump; you should base
your decision on cost and reputation of the pump supplier. You waildowrong
with the ANSI pump, particularly if you envision changes in tharktidimensional
interchangability of the ANSI pumps is a plus, making it easy to fit aBlANmp made
by any manufacturer into the same piping. The Api8hp would cost a little more, but
has the benefits mentioned before.

APPLICATION POINT #3 — FLOW/PRESSURE

If a positive displacement pump type is considered, the reciprocating futhe
best choice for very high pressures, approaching 000 or more. For lower
pressures, a rotary pump design could be selectetRdtary Pumps Coveragje
chart featured in Appendix B may serve as a good guide for floveymeeganges
of various rotary pumps. As you will see, such rangesh 2000 to 3000 psi, above
which reciprocating pumps take over. Large screwpgsireach 8000 to 9000 gpm,
at lower pressures, but most of the rotary pumpssamewhere under 1000 to 1500
gpm or less.

APPLICATION POINT #4 — VISCOSITY

Centrifugal pumps are not recommended above appateiyn500 SSU. The viscous
friction becomes high and the flow and pressure redudtiairamatic. For example,
above 1000 to 2000 SSU, there is practically no flow though thmp plihe HI hasa
chart for flow, head, and efficiency correction with vistpsiThis is another good
reference material to keep in your engineering department.

On the other hand, rotary displacement pumps may not be youctivgte at
very low viscosities. They are seldom applied under 80800 SSU. (Reciprocating
pumps are the exception to this, due to their \aglgt clearances; they maintain
flow, with low slip, even at the water-like pumpageThere are also some exceptions
to this rule. Gear pumps are sometimes made with pressure-loadpldtes to
minimize lateral clearance to the thickness of the liquid film. Howeverr thdial
clearances (between gears and case) cannot be made too tight in order to avoid
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metalto-metal contact, unless differential pressures are &mrew pumps are available
for low viscosity liquids: two-screw designs, supported retiéy, and driven by the
timing gears, can have very tight radial clearances and mailoairslip even at
reasonably high pressures. The shafts must be oversigedhtases, otherwise the long
rotors span between bearings would cause sagging defisctind potential contact
between the rotors and the casing.

APPLICATION POINT #5 — CHEMISTRY AND
MATERIALS OF CONSTRUCTION

From the corrosion standpoint, applications carclbssified as non-corrosive, mildly
corrosive, and highly corrosive. Rotary pump designs are verplesiand inexpen-
sive for the low corrosive applications. Cast or ductile i®mften used for such
applications as oil or fuel transfer, where the corrosion is almost nonéxigter
the pumped oil has excellent lubricating properties which also helpset@nt
corrosion. The iron construction allows cost reduction, and alkms Heom the
reliability standpoint: iron has significant amounts of free carbon igra struc-
ture, which provide good additional self-lubricating chaegstics. If occasional
contact between the steel gears and iron case takes place, itotlmesise failures.
Nevertheless, this property of the iron should not be oveseabulf excessive
pressures are applied, and the rotors are deflected onto casangwill take place,
but it will be gradual and more or less predictable.

For the corrosive applications, stainless steel construction is oféeh bt the
pump should not have mating pairs made from the austenitic staitéessusch as
316ss, particularly at low viscosity, which will daasily (for gear pumps this would
cause gears seizures, either onto themselves or to a casing}4phisteel is a
better choice, but martensitic steels would be the best selection. Martensitic steels
(such as 440C) have reasonable anti-galling resistasceell as good corrosion
resistance (although not as good as austenitics). A gear pump often 31bss
casing with 440C or 17-4ph gears and carbon or silicon carbide plates, to
prevent lateral seizure. The shafts generally &edswvith enough stiffness to prevent
deflection under maximum allowable design pressure oasing, thus, ensuring no
contact, at least in theory. In reality, however, occasionatact may occur, and
designs should account for this.

APPLICATION POINT #6 — ABRASIVENESS

Abrasive applications are difficult for rotary pumps, etctr the single-screw type
(progressing cavity). For very abrasive applications, a progressivity pump
elastomer is an excellent choice, providing that there is sufficient $joace (these
pumps are long), and moderate temperatures (under 3@bO3F). Centrifugal
pumps are also made for the abrasive applications, utilizing rubber linings gs
fly-ash removal applications at the power plants), or haetél linings (such as hard iron,
with Brinnell hardness to 660 Bhn).
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Abrasion is exponential with speed, so slower runninggsunould last longer. As a
rule of thumb, for the abrasive applications, dé nm rotary pumps mucFaster
than 300 to 400 RPM. These slower speeds would require a gaaerbdtween
the pump and a motor, unless a variable speed drive is used.

It may be useful to know the size of the abrasive particle# the particles
are too small, they will rub through the clearancgkere wear is usually most
detrimental. The large particles, however, would pass through uim,pand
cause wear of the impellers (or gears, rotors, etc.) andgcdsin this wear
would be more predictable and not occur as quicktyrdality, however, there
are doubtful applications, where the particles are only a cestagm— usually,
these large particles crush and break apart, and the pumpage camgs al
wide variety of particles of all sizes. The bottom lise if there is abrasive
material present in the pumpage, it will probably do damage to the pompers
or later. Slow speeds, rubber linings, and harder materials will deisyptocess,
to a tolerable degree.

APPLICATION POINT #7 — TEMPERATURE

Under approximately 150°F, the application can be considered normal; bdta@em
250°F, it is moderate; and above 300°F, it is hot. For hotegijgns,elastomers
are the determining factors, and appropriate selediamts areavailable. Use
these charts with care- they usually contairstatic ratings, for“laboratory
conditions. Pump operating conditions are far more sevban laboratory
conditions, and the temperature rating should batddrsomewhat, perhaps by 50 to
70°F.

For very hot applications, 700 to 800°F, you may considel-édded centrif-
ugal pumps, or certain designs of the multiple-screw pumps. Ircass, designs
would contain opened-up clearances, external cooling methods (jackets), as well
as requiring special start-up and shut-down procedures to ensurelgveatm-
up and non-stratified fluid distribution inside the pump, and torenso sudden
contact between the rotating and stationary parts, which could cause chtastrop
seizure and failure.

APPLICATION POINT #8 — SELF-PRIMING

Centrifugal pumps canndtlift” the fluid, unless special self-priming designs are
applied. Self-priming is not a forte of centrifugal pumps. Rotamgs can prime very

well, but designs require special features, such as tight clearance with wear glates an
minimized cross-drilling, in order to avoid short-circuited air pas$ame discharge

back to suction, and other problems. As a rule of thaimbe tiers of lift capabilities can

be considered:

1 to 2 ft lift: Almost any rotary pump can provide this,aastandard, with no
special design accommodations.
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3 to 6 ft lift: Tighter clearance must be used, andsthrdard‘off-the-shelf
rotary pump will probably not work. The cost of ssgecial designs could
be roughly twice the standard design.

6 to 15 ft lift: Very special approach to design, pressure loaded end-plates,
tight radial clearances, oversized rotors to minimizkedebn, etc. These
pumps may cost 5 to 10 times more.

For lift values over 15 to 25 ft, the progressing cavity or digin pumps should be
considered.

APPLICATION POINT #9 — DRIVER

Consider your power availability. For the electnimotors, specify frequency, voltage,
and power. Ensure the driver is sized for a complete operating rangenlbeme
from the previous chapters that the thixotrophic fluids may reguiore torque at
the lower shear rate (i.e., near the start-up).allisthe AC motors are specified-
they are more popular, reliable, and inexpensive. For very low potfvacsional
power motors which are often DC, are used. Consider gnamp flow will be varied
(even if in the future): DC drives are easy to control, but the cost ofatiable
frequency drives (VFD) for the AC motors has been dropping syeaatid their
reliability has increased dramatically. A VFD fornpoi under 5 hp could cost around
$500 to $700. Above 5 hp, a rule of thumb (as of 199&1B0 per hp (i.e., a 50
hp VFD should be around $7000 to $8000, and woubtbaisly be half of that value
in three to four years).

APPLICATION POINT #10 — FOOD APPLICATIONS

For obvious reasons standards and specifications gguenps applications in the
food industry. The Food and Drug Administration @&Dspecification does not detail
any particular requirements for pump types or designnpeters; it covers only
allowable construction materials. Typically, these matenatdude stainless steel,
certain plastics, and certain grades of carbon. Another specification callets 3-A
produced by the U.S. Dairy Association. It covers many design issues specific to
pumps: self-cleaning capabilities, absence of internal crevices where bactgria
spread, seals and seal chamber dimensions, ete. juainps are often used in these
applications— lobes do not contact (in theory), and they are driven byettiernal
timing gears. Absence of contact prevents any nahtehiavings to pass on with the
pumpage, thus contaminating the product. Shafts arestpbs is the rest of the
pump, to ensure low deflections of rotors, resistance to pipaus, etc.

The above listed rules are general in nature, and egutication has its nuances
and specifics. It may be prudent for the plant personnel responsibkelémtion
and specification of pumps to have a detailed distckat would contain these and
other points for the pump manufacturer to addressg the quotation period. Some
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specifications such as APl and PIP (the latter a tesmerification within the process
petrochemical industry— Process Industry Practices) already have similar checklists. It

is advisable to have the latest versions of these &ed @evant documents at your local
facility.
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1 5 Closing Remarks

The interaction between the pump and a system is a complex phenomenon. All
factors, major and minor, must be addressed. Thelgmoks that it is difficult to
know, at the beginning, which of these factors are major and vaneiminor. It is
always clear at the end what they are, but rarely abdggnning, when it is most
needed to save time. Training and understanding the basic principles of akiest tme
pumps tick are prerequisites for successful troubleshooting. In theelsstal years,
heightened attention to the equipment reliability and increase in MTBF hagdeviv
interest in better understanding and appreciatiopwhping equipment. With a
multitude of pump types operating in vastly different appbeet, successful plant
operation is directly related to the attention given to the pumping equipvieiaty, as
we learned in this book, can be tricky and stubpamd must bepproached
systematically and diligently.

The author and publisher of this book hope the praatiehods described reer
will help practicing engineers, plant operators, andintenance personnel solve
actual problems in their daily work. Understanding pumpdémentals should make
their troubleshooting efforts easier and more rewardig.a teaching reference,
this book will be useful to college students in mechanical, chemical, and renviro
mental disciplines. We believe that, for a techniaatl technologically-oriented
environment, theory must continue to be tightly linkeiih practical and applied
needs, creating an important and useful foundation for the engiggedfession.

In writing this book, I tried to pay close attention e taccuracy, simplicity, and
consistency of the material; however, it is difficult to avoid mistakes antdox@rsy.
| would be very grateful for any comments, criticisms, correctionspyggestions
that might aid in the creation or subsequent editiétiease send all remarks to me at
the following addresses:

Dr. Lev Nelik, P.E.
140 Bedford Drive
Athens, GA 30606

nelik@compuserve.com

0-8493-?77??-?/97/$0.00+$.50
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Appendix A:
Nomenclature

p = pressure (psi)
Pd = pump discharge pressure (psi or psia)
Ps = pump suction pressure (psig or psia)
Ap = pump differential pressure (psi)
Q = pump flow (gpm)
q = pump unit flow (gal/rev or gpr)
FHP = fluid horsepower (hp)
BHP = break horsepower (hp)
| = total pump efficiency
nH = hydraulic efficiency
H = pump head (general symbol)
Hi = pump ideal head (ft)
Ha = pump actual head (ft)
Hso = pump head at shut-off (shut valve) (ft)
Hsys = system head (ft)
hioss = hydraulic losses (ft)
Vs = velocity in suction (Vs), and discharge (Vd) pipe (ft/sec)
\2/—; = velocity head (ft)
g = gravitation constant (32.2 ft/Sec
zd = discharge side liquid level elevation above pump centerline (ft)
Zs = suction side liquid level elevation above pump centerline (ft)
NPSH = net positive suction head (ft)
NPSHA = available NPSH (ft)
NPSHR = NPSH required by the pump (ft)
NPSHRy, = NPSH when 3% head drop had occurred (ft)
NPSHi = NPSH incipient, when first vapor bubbles begin to form (ft)
NV Q
Ns = H:75
specific speed
NS

Nss = NPSHR™ suction specific speed
8b = universal specific speed ]

= D, impeller outside diameter, (in)
af = absolute flow angle (degrees)
Br = relative flow angle (degrees)
Bo = blade angle in the relative (W) direction (degrees)
AX, = impeller exit area in relative direction{in
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Am
Afluid
Pr

Ps

Psmin

SSuU
cSt

Yo
SG

Vy le VB:
W, W,, U

impeller meridional area @in

4eDPs: fluid area for the progressing cavity pump csession
PC pump rotor pitch (in)

PC pump stator pitch (in

PC pump eccentricity (in)

minimum required suction pressure for gear pumps (psia)
torque (in x Ibs)

RPM = rotating speed

units Saybolt viscosity

viscosity in centistokes (approximately = SSU/5, for SEL0)
fluid density (Iom/ff)

fluid specific weight (Ibf/f)

specific weight for water at room temperature (IByf/ft
11, specific gravity

shaft deflection (in)

bearing span (in)

components of the velocity triangles for the centrifugalkiiher
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A pendix B:

P
Conversion Formulas

This book emphasizes the fundamentals of different types of pumpssithidgrities,
and their differences. The number of formulas is not overwheln@nd, the few
formulas used are simple and straightforward. The user should hadiffioalties
understanding the formulas and their derivatiortge Tinits used in the book are U.S.
system units. Listed below are a few formulasovering major pump variables, such
as flow, pressure, and power for converting U.S. system units of measure to metric
units:

Flow:
GPM GPM GPM( US)
=ms/HR, = literg'sec =GPM(Imp
4403 15.9 12 (1mp)
Pressure and Head.:
psi _ o psi psi
~— atmospheres , =BARS, = =MPa
147. 14.5 145

Power
HP x 0.746 = KW

Other conversion formulas, if required, may be found in most engigeleooks and
tables'®
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A pendix C:

P
Rotary Pump Coverage Guide
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