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by John H. Horwath
Chief Enginecer, Ampco Pumps

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

Topics to be covered include:

. Introduction — A Pump Odyssey
. Pump Curves
.NPSH
Cavitation

. System Curves

. Practical Limits

. Energy Savings
Dynamic Sealing
. Maintenance

10. Corrosion

11. Noise

12. Motors

13. Variable Speed
14. Viscosity

15. Friction Tables
16. Erosion

17. Pump Curves It
18. Bearing Loads
19. Electrical Wiring
20. Instrumentation
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. The intent of these articles is to develop a single, con-

cise source of information combining theoretical and
state-of-the-art approaches to typical pump problems.
The articles are intended to provide an alternative to
the typical ambiguous. handbook route commonly

used as a first source by personnel not in everyday con-
tact with centrifugal pump applications.

Background

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

Centrifugal pumps may be further classified as: over-

hung impeller, impeller between bearings or turbine

types.
A centrifugal pump is defined as a kinetic
machine converting mechanical energy into
hydraulic energy through centrifugal action.

Basic Infofmation About Centrifuga‘l Pumps

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

‘While the primary pump under discussion throughout
this series will be an over-hung, end-suction, volute
casing, single-stage unit, the basic concepts are ap-
plicable to most units in the centrifugal category.

To acquaint you with the basic workings of a cen-
tnfugal pump, we invite you to accompany us on a
“Pump Odyssey.”

A Pump Odyssey

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

Basically, there are two sections to a centrifugal
pump. . .the rotating unit, which develops the
necessary liquid velocity and the stationary unit,
which directs and contains the flow while converting
the developed velocity energy to pressure energy.

The rotating arrangement consists of a shaft, the
rotating portion of a shaft sealing device, and an im-
peller, which is the “heart” of the pump. An outside

"~ mechanical energy source (usually delivered from an

electrical motor) s used to rotate the pump shaft. The
impeller, firmly positioned on the shaft, is equipped
with blades which move the liquid, thereby conver-
ting the rotating mechanical energy to liquid energy.

Schematic views of pump components and pertinent regions.

The stationary portion of a pump provides an entry
path into the eye of the rotating impeller. On leaving
the impeller, the liquid enters a spiral chamber known
as a volute. It is in this chamber that the transforma-
tion from velocity to pressure energy occurs. The
volute also provides a specific exit path for the fluid.
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Number 2 in a series.

by John H. Horwath

Pump Curves Chief Engineeer, Ampco Pumps

Nowhere will you find a more concise overview of an
engineered product’s capability than on a centrifugal
pump’s “oak tree”’ performance curve. The infinite
amount of information in a single graph is astounding!

While the intent here is to focus on the pump’s basic
hydraulic capability, reference in several future articles
to these curves will allow establishment of addit-
ional parameters essential to good pump application
practices.

It must also be recognized that the centrifugal pump’s
point of operation at a particular speed is developed
in conjunction with one or more factors outside of the
pump’s own performance capability. These factors
play a role equal to.that of the rotating pump in es-
tablishing the actual flow rate and include: (1) the
physical suction conditions present, (2) the physical
characteristics of the liquid being pumped, (3) chem-
ical reactions occuring in the liquid being processed,
(4) the actual head requirements of the system at
specific flow rates and (5) the fluid temperature.

Pump Curve Development

Having learned how a centrifugal pump operates in the
previous issue of ‘‘pump primer,’ we can now discuss
a pump’s hydraulic capabilities and how they are
presented. .

As defined previously, a centrifugal pump is basically
a kinetic machine. The pressure it develops is primarily
a function of peripheral velocity established by the
rotating speed and diameter of the impeller.

Actually, 2 pump doesn’t directly develop pressure but,
based on 2 velocity relationship, produces a “head”
in feet. The head remains the same for all liquids with
the same viscosity. The head can be transformed into
a pressure term utilizing the formula:

Pressure - Head X Specific Gravity
(bs./sq. in.) 2.31

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

A most important factor regarding capacity isa
pump’s suction capability usually expressed as
NPSHR (Net Positive Suction Head Required)
which will be covered in a future article.

Basic Information About Centrifugal Pumps

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

A pump curve graphically defines the pump’s hy-
draulic capabilities in terms of capacity (usually gallons
per minute) and developed head (usually expressed in
feet of liquid). The graph also indicates the pump’s
drive requirements relative to speed (revolutions per
minute) and power (brake horsepower) based on
handling water. In addition, a complete pump curve .
will indicate efficiency of the unit.

The most common shape of the total developed head
versus capacity characteristics curve for a conventional
design volute centrifugal pump is the constant rising

characteristic shown below.
HEap
[
w
w
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GALLONS PER MINUTE

The maximum head is usually developed at zero
capacity — commonly referred to as ‘‘shut-off’ As the
capacity increases, the head decreases. The factors
responsible for this are: (1) the direct proportion energy
gradient drop necessary to produce flow and (2) the
friction loss through the pump passageways.

Another commonly provided characteristic is the
power curve indicating the pump’s actual brake horse-
power (BHP) requirements relative to capacity.

o

BRAKE HORSEPOWER

GALLONS PER MINUTE
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BHP

1. Inutilizing the highest efficiency for a hydrau-
lic requirernent, a minimum amount of energy
will be expended — a important plus in today’s
cost-conscious market.

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

3. The degree of mechanical loading imposed
on 2 volute-type pump shaft and bearing is
minimal at the pump’s B.E.P. capacity. How-
ever, due to hydraulic inbalance in the volute,
acting on the impeller profile, a substantial
resultant radial force can be developed essen-
tially from 50% of B.E.P. capacities back to
shut-off. Capacities extending 25% beyond the
B.E.P. capacity are also a source of concern as
the developed loads can cause excessive shaft
deflection and premature bearing failure.
Secondary effects may include mechanical seal
leakage and wear ring rubbing.

Affinity Laws
Pump head and capacity vary with speed in such a way
that the performance curves retain their characteristic
features. The variation of head, capacity and brake
horsepower with speed follows definite rules known
as affinity laws.

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

The affinity laws are expressed by the following
formulas:

Q _ V|1§ Hy _ n,2 BHP;, _ r|1-é
Q: - }’\/zd\. H_z h nzz_ BHP, nz?
Hy [
0 ny
<
w
I
H:
,72
- N A
BHP, VA e
Q. Q1

GALLONS PER MINUTE

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

tion would be considered fairly accurate up toa 10%
change in diameter from an actual test diameter.

Since the peripheral speed is the same whether achiev-
ed by reduced speed or reduced impeller diameter, the
affinity laws will hold here as well. Therefore:

%= n =cﬁ H, n2 d;z BPH, n,*> d;3

Q n, 4 H, n? d_zz BPH, n,> d;?

With these relationships, we are able to forecast pump
performance quite accurately from established data
over a limited range.

Specific Speed
Pumps are classified by a term referred to as specific
speed:
pe . _ RPM x GPM
ST HD %

Specific speed is the rotational speed at which a
theoretical impeller will deliver 1 gpm at 1 foot head.
All impellers with a homologous or identical shape,
regardless of size, will have the same specific speed.
The performance characteristics of any impeller can
be applied to any other identically shaped impeller by
use of the specific speed formula.

The general shape of head-capacity curves is affected
by specific speed. Impeller profiles are defined by
specific speed. N is independent of pump size but in-
dicates the general shape of the impeller. Assuming
proper design, hydraulic performance characteristics
affecting pump applications fall into general patterns
that can be indexed to specific speed as indicated
below in the comparison of pump profiles.

Values of Specific Speeds.
(Single Suction)
Beesfs 8 3 § f §Eiiff  § &

g Impeller Shrouds
Gl Impetier Shrouds :
- \\ Impelier
Hup Hub e\ &, e - Hub
{~~Venes 322 Vanes 1) ‘anes A v-.m -no_t Axis of

Radial-Vane Ares Mixed-Flow Arss  Axis!-Flow Ares

COMPARISON OF PUMP PROFILES
Profiles of several pump impeller designs ranging from the Low Specific
Speed Radial Flow on the left to a High Specific Speed Axial Flow on
the right, placed according to where each design fits on the Specific
Speed Scale. From Hydraulic Institute Standards

Francis-Vans Area Rotation

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

Summarizing briefly, a pump characteristic curve pro-
vides 2 wealth of data based on actual tests relative to
a pump’s hydraulic capability and basic design. This
darta may be employed in determining its suitability for
a specific application.







Number 3 in a series.

by Jobn H. Horwath
Cbhief Engineer, Ampco Pumps
Cavitation
In the late 19th Century, the development of signifi-
cant rotating speeds as a means of transmitting en
resulted in a2 new phenomenon — CAVITATION.

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

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

For the past six decades, cavitation has been, and
continues to be, 2 popular and intriguing subject in the
field of fluid rotating machinery. As demands for lower
costs continue to grow, the design trend has been
toward providing the same hydraulic capability with
a physically smaller pump operating at higher speeds.
The result is 2 pump requiring extensive state-of-the-
art refinement in the suction area to overcome
cavitation.

Absolute Pressure

Absolute pressure in a centrifugal pump is normally at
its lowest in the suction area adjacent to the point at
which fluid enters the rotating impeller blades.
Absolute pressure is determined by liquid surface
pressure, liquid lift or head, specific gravity, suction
system line friction losses and surface tension
characteristics.

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

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

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

This can be brought about by operation at off-design
flows as well as by poor pump design. The condition
develops in the rotating impeller as the liquid flows

: \M Basic Information About Centrifugal Pumps

Ampco Pumps Co., Inc.
(414) 643-1852 Telephone
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past the impeller vanes at an angle not fully utilizing
the impeller’s flow passageways.

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

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

Extent of Damage

Physical damage will vary depending on the material
being attacked and the stage of cavitation exposure. In
a typical attack, the first phase may produce indenta-
tions but no metal removal. As cavitation e€xposure
continues, actual metal removal begins to occur. The
rate of damage increases exponentially as actual pitting

Pitting is caused solely by the mechanical action of col-
lapsing bubbles. Effect varies with impeller material
and degree of cavitation. The instant stress developed
at the precise point of collapse has been theoretically
determined to be as high as 100,000 psi. Selected
observations of certain types of cavitation has shown
forming and collapsing rates of nearly 2,000,000 per
second in a one-inch diameter area.

Material Selection

Material selection as 2 means of minimizing cavitation
damage has been done in a empirical manner based as
€xperience, lab testing and actual performance in the
field. Results have shown both nickel-aluminum
bronze and 316 stainless steel to have good resistance
to cavitation erosion. Both are far superior to other
materials such as gray iron, carbon steel, brass and
70-30 copper nickel. Surface hardening may also in-
crease cavitation resistance although the hardness itself
is not necessarily the deciding factor as far as pitting
resistance is concerned.

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

Noise - caused by the collapse of vapor bubbles as
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Good-—Cuast aluminum bronze has excellent
resistance to cavitation erosion.

Poor—By comparison, cast steel deteriorates
badly under cavitation conditions.

Here is what cavitation did to . . .

Cast iron Bronze







Numbir 4 in a series.

by John H. Horwath
NPSH Chief Engineeer, Ampco Pumps
A pump’s suction capability is e'qually as important
from a hydraulic standpoint as the specified rating
(Gallons per Minute and Total Head). The term com-
monly used to indicate the suction condition is NPSH
(Net Positive Suction Head).

NPSH can be defined as ‘‘the absolute pressure at a
darum line (normally, the centerline of the impeller eye

at the suction nozzle) minus the vapor pressure of the

liquid (at pumping temperature) being pumped.”’

Two NPSH values must be established in determining
the adequacy of a pump for the intended application:
(1) the NPSH made available by the system and (2) the
NPSH required by the pump for the specified rating.

1. NPSH Available.. The available NPSH is usually
calculated empirically in proposed systems and
developed from test results in existing systems as

- indicated here. _

A. Proposed Systems (units in feet of water)
NPSH Available = h, + (*)h, — he —
where: hp bz f th

hp - absolute pressure acting on suction
liquid surface
h, - liquid suction height above or below
the pump impeller centerline
he-  total head losses in the suction in-
cluding exit, entrance, fitting and pipe
losses at the intended flow rate
hvp - vapor pressure of the pumped liquid
at the pumping temperature
(*) for liquid level above centerline + applies;
for liquid level below centerline — applies

M& R o
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A
o=

B. Existing Systems (units in feet of water)
NPSH Available = Pg £ Pps + Vi— hvp

where: 2
Pg - gas pressure in closed tank or atmos-
pheric pressure in open tank

Ps- gage pressure reading in the pump
section pipe corrected to the pump
suction centerline (steady flow condi-
tions should exist at the gage tap; five
to ten diameters of straight pipe of un-
varying cross-section are necessary
immediately ahead of the tap). The
corrected gage reading is 2 minus term
in the equation if it is below atmos-
pheric pressure.

2g * velocity head at point of measuring Ps
: (based on actual internal diameter of
pipe) at point of pressure taps
hvp - absolute vapor pressure of the
pumped liquid at the pumping
temperature .

2. NPSH Required. All too often, the term “NPSH
Avzailable” is interpreted to be the same as
submergence. In certain cases, this may be prac-
tically correct but an overall analysis is required as
submergence is but one algebraic factor in the
“NPSH Available’” equation as given under “‘Pro-
posed Systems.” Absolute gas pressure acting on
the suction liquid surface, friction losses through
the suction system, and liquid vapor pressure at the
pumping temperature are the other factors that in-
dividually or collectively could be predominant.
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NPSH

GPM

To satisfy the suction requirements, the pump must
be operated at a capacity less than the intersection
point of the NPSHA and NPSHR. At operation beyond
this point, one can expect a cavitating state to exist.

Other Factors

Liquid Characteristics

A factor oftentimes overlooked in pump NPSH appli-
cation engineering is the difference in liquid (and its
vapor) characteristics relative to those of 68°F clear
water, which is considered the base standard and is

used almost universally in 2 manufacurer’s standard
test setups.

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

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

Specifics other than vapor pressures of some liquids
and a few published results of some specific NPSH in-
dividual tests are lacking. The intent here is to make
everyone aware that such a condition exists and can
have some effect on the overall performance, usually
being favorable at increased temperatures if the same
“NPSH Available” can be maintained.

Minimum Flow
At times, pumps operating at extremely low NPSH

conditions which, supposedly, would provide at-
tainable flow rates, react erratically, developing fluc-
tua!;ing, unstabilized flow due to extensive internal
recirculation patterns occurring within the pump im-
peller The low flow requirement relative to the pump’s
optimum point of operation can cause this problem
in certain pumps. The pump manufacturer should ad-
vise the capacity range for the unit when the “NPSH
Available” drops below 5 feet of water so that the user
can design a system which maintains flow within the
pump’s specified capacity range.

Special Applications

Knowledge of pump cavitation and its effects along
with a thorough understanding of required and
available NPSH allows some applications to operate
in a “controlled” or “limited” cavitation range (initial
phases). Where applicable, such as in distillation
progcsges, an appreciable pump cost saving may be

In this situation, the pump is operating in a range com-
monly referred to as the “‘break’ or ‘‘knee’” of the
pump characteristic curve.

NORMAL LIMITED
CAVITATION CAVITATION
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! 3% DROP
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Hl the case shown here, one may be able to use a 5-foot
NPSH Required” unit rather than the 6-foot NPSH
unit normally called for.

‘We do not recommend this as a common fix but make
note of it as an example of how knowledge of NPSH
and cavitation effects can be utilized, in controlled
applications, to provide an adequate economical
alternate.

The limit for the intended point of operation in a par-
ticular application will usually have to be determined
empirically, dependent on noise, vibrating hydraulic
stability and pump material allowance based on the
projected point of operation from factory test results.
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Number 5 in a series.

by John H. Horwath
 Chief Engineeer, Ampco Pumps
System Curves - Introduction

A system curve is a graphical representation of a flow
range through a process arrangement against the
pressure (expressed as head) required to complete
the work.

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

A process system physically consists of several com-
ponents which may include: piping, valves, nozzles,
vessels, flow meters, process equipment and other
liquid handling conduits through which flow is
required.

Curve Developmént

Basicially, two types of conditions must be overcome
to induce flow at a desired rate. They are: dynamic
head (friction losses occuring in the system which vary
according to the rate of flow by approximately a square
ratio) and static head (constant differentials which exist
at suction and discharge points of the system, i.e., the
gas pressure acting on the liquid surface at each end
of the system, and the difference in elevation of the
liquid surface at each end).

It is common to initially determine each head require-
ment (suction and discharge) independently since the
first condition to be determined is the NPSH available
(see article 4 in this series). Next, we can determine the
total head differential (suction plus discharge algebra-
ically) which the pump must develop to artain the
desired flow. Note that a centrifugal pump’s capability
to hydraulically satisfy a rating specification goes
beyond meeting a developed differential pressure at
the specified flow in that the NPSH available at this
same flow must be equal to or greater than that re-
quired by the selected pump to operate properly.

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

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

=
/é Friction Losses
VARIABLE
SIS S ST // /
Static Head Differential

/ CONSTANT

HEAD IN FEET

Surface Head Diffential
\ N GONSTANT O\
GALLONS PER MINUTE

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

Total Head (TH) =
AH surface + AH static elev. + H friction
(algebraically added)

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

H, (friction Q,) = H, (friction Q,) X ( Q0 ) 2

Q

When calculating the total head, remember that the
constant static and surface heads must be algebraically
added to the H (friction Q,) calculation.

Improved System Design

System design, in many instances, is a trial and error
affair, further compounded by ‘safety factors”’ The
system designer, who will be held accountable if the
pump selected is under capacity, will typically play it
safe by adding a 10-15% safety factor The pump
manufacturer’s application engineer will add his own
“safety factor” for the pump, thereby further increas-
ing the overdesign characteristics by another 5-10%.
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(Figure 8). This relationship is true for the pumping
units alone, but is not necessarily true when the pumps
are part of a system.

HEAD

Figure 7 GALLONS PER MINUTE

HEAD

Figure 8

Parallel

This arrangement, producing greater flow than pro-
vided by an individual unit, is more common. The
option of using one large pump or two small units
depends on the requirements of the intended
operation.

A rising head-capacity curve is especially essential for
reliable service in parallel application. A drooping
characteristic curve can potentially intersect a given
head at two different points as illustrated in Figure 9.

GALLONS PER MINUTE

Ry,
8/4, e

ﬁj Pt.2

Figure 9 GALLONS PER MINUTE

The effect of this can be a “hunting action’’ between
the two points, causing variations in capacity and

pressure. The beginning of the pressure variation lies
in the fact that, at some time, the pressure in the
discharge line is higher than that developed in the
pump and 2 movement to reverse flow occurs.

Series

Series operation is employed where insufficient
pressure is developed by a single unit or where limited
suction pressures are available. Characteristically, a low-
speed pump has a lower NPSH requirement than a
higher speed pump. When used as a second-stage unit,
the higher speed pump can develop the higher
pressure requirement needed at the discharge point.
Pumps with rising characteristic curves are preferred
because they develop the head within a narrow capa-
city range.

Recommended Practices for Series
and Parallel Operation

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

In parallel operation, it is essential to have identical suc-
tion arrangements to prevent one unit from being
“starved.” A similar discharge arrangement to a com-
mon header is also strongly recommended.

Summary

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






Number 6 in a series.

by John H. Horwath
Chief Engineeer, Ampco Pumps

Practical Limits for Centrifugal Pumps

“This reference, based on 2 combination of theoretical

study and practical experience, covers the ‘‘normal

limits” of the typical general-purpose centrifugal -

pump. The intent is to broadly establish parameters
defining probable pump capabiliities under various
conditions.

Capacity

Initial efforts should be made to apply a pump to a
system operating near the pump’s highest efficiency
point. When operation is continuous, it is doubly im-
portant that the point of operation be confined within
50% of the pump’s best efficiency point (bep) of its im-
peller diameter. Operation in this region normally
eliminates the need to specifically check limitations
based on hydraulic, mechanical and thermodynamic
conditions.

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

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

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

Pressure limitations are primarily determined by the
pump casing suction and discharge connections. Until
recently, in working pressures below 300 psi, casing
and cover wall thicknesses were considerably heavier
than necessary to satisfy foundry sand casting prac-
tices. Changing manufacturing processes, employing
sheet forming, investment casting and evaporative
foam casting, substantially reduce wall thickness and,
in many instances, now are a predicating factor. Other
factors include the number and material of casing bolts
as well as shaft sealing, where both the seal and gland
arrangement need to be analyzed relative to allowable
physical limits.

In handling corrosive media, the potential for substan-
tial corrosion attack dictates that design calculations
be based on wall thickness less a 1/8-inch corrosion
allowance.

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

Temperature

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

‘While normal procedure would be to pump at ambient
temperature unless the process dictates otherwise,
there are circumstances where operation at high tem-
peratures would be beneficial to the pump’s perform-
ance. One of these areas is viscosity. Typically, an
increase in liquid temperature reduces the liquid’s
viscosity. This, in turn, expands the pump’s hydraulic
range and increases efficiency. Higher temperatures
can also be beneficial in keeping solutions in 2 dis-
solved state. '

Generally, a material’s corrosion resistance will
decrease as pumping temperature increases, thereby
accelerating the corrosion rate of attack. Mechanical
properties may also be adversely affected by tem-

perature rise.
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In most instances, only a qualified pump manufacturer
can determine whether his pump is suitable for
operaton beyond its original design speed range.
Working with the motor manufacturer, the suita-
bility of a specific motor driver is established and a
motor AC drive package is then determined.

Entrained Air

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

Substantial effort should be made to keep air out of the
liquid entering the pump. This commonly occurs ifa
vortex develops at the suction pipe inlet. Adequate
submergence or baffling can help prevent this condi-
tion. A leak in the suction line or pump stuffing box

operated under a vacuum may also introduce air into
the pump’s suction. A well-designed entry coupled
with good maintenance practices will alleviate most
entrained air problems.

Dissolved gas or gas evolving from a chemical reaction
can also prove troublesome. Common practice calls for
the use of a larger diameter impeller (not necessarily
a larger inlet) to meet the hydraulic performance based
on handling cold clear water alone. Where the per-
cent of air (or gas) exceeds the recommended limit for
standard pumps, which may vary for different designs,
it may be appropriate to consider less efficient pumps
designed specifically for handling two-phase flow.

Comprehensive information covering some of the
specific areas introduced in this issue will appear in
future articles in the “‘pump primer’’ series.
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by Jobn H. Horwath
Chief Engineer; Ampco Pumps

Energy Savings - Introduction

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

As a result, more attention in our current ‘‘com-
petitive” era is being directed toward reducing
operating costs. Higher pump efficiencies along with
higher motor efficiencies are immediate solutions.

Other equally important factors include system design

and pump application. In this issue of the “‘pump
primer,” we will approach the subject of energy sav-
ings from each of these aspects.

Pump Efficiencies

The most obvious direct savings in the pump unit
results when a smaller size drive can be used because
of a pump’s higher efficiency and non-overloading
performance characteristics. (A non-overloading pump
provides a series of impeller diameters having tangen-
tial relationships with motor standard horsepower
ratings to insure adequate power requirements regard-
less of flow -\see figure 1).

DA 1 \
'997
~N
(o]
Sfomz O\
I A \
_E

GPM
Figure 1
All drawn horsepower not utilized in developing the
required water horsepower:
_ GPM X TH X Sp. Gr.
- 3960

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

WHP
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operation will demand a greater brake horsepower
requirement:

GPM X TH X Sp. Gr.
3960 X pump efficiency
The wasted HP is the difference between the brake
horsepower and the water horsepower as indicated in
figure 2.

BHP =

WATER\
HORSEPOWER

HORSEPOWER

WASTED HORSEPOWER '
(_HYI'D.RA‘UIJ.I(E, VOLUMETRIC & MECHANICAL)

.........

Figure 2

Of the three primary pump losses shown under
wasted horsepower (hydraulic, volumetric and
mechanical), the hydraulic loss will usually be the most
significant. Hydraulic losses include surface friction,
turbulence, eddy currents and separation occurring in
the complex flow path of the rotating impeller and
stationary volute. The loss effect will vary with the rate
of flow.

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

Proper hydraulic design is necessary if higher effi-
ciency is to be attained. uirements include: (1)
smooth surfaces, (2) streamlined flow paths, (3) gradual
conversion of velocity energy within cross-sectional
areas to pressure energy and (4) easement in directional
change.

The pump designer employs nature’s basic principle
of liquid flow (path of least resistance) in providing
passageways as best can be compromised when pro-
ceeding alternately through stationary and rotating
passageways of varying velocities along with the final
transitional phase of energy conversion.

Many manufacturers have sacrificed proper design to
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FULL LOAD EFFICIENCIES / OPEN MOTORS
2POLE 4 POLE 6 POLE
Nominal Minimum Nominal Minimum Nominal Minimum
HP Efficiencies Efficiencies Efficiencies Efficiencies Efficiencies Efficiencies

1.0 - - 82.5 81.5 80.0 78.5
1.5 82.5 81.5 84.0 82.5 84.0 82.5
2.0 84.0 825 84.0 82.5 85.5 84.0
3.0 84.0 82.5 86.5 85.5 86.5 85.5
5.0 85.5 84.0 87.5 86.5 87.5 86.5
7.5 87.5 86.5 88.5 87.5 88.5 87.5
10.0 88.5 87.5 89.5 88.5 90.2 89.5
15.0 89.5 88.5 91.0 90.2 90.2 89.5
20.0 90.2 89.5 91.0 90.2 91.0 90.2
25.0 91.0 90.2 91.7 91.0 91.7 91.0
30.0 91.0 90.2 924 91.7 92.4 91.7
40.0 91.7 91.0 93.0 924 93.0 92.4
50.0 92.4 91.7 93.0 92.4 93.0 92.4
60.0 93.0 924 93.6 93.0 93.6 93.0
750 93.0 924 94.1 93.6 93.6 93.0
100.0 93.0 92.4 94.1 93.6 94.1 93.6
125.0 93.6 93.0 94.5 94.1 94.1 93.6
150.0 93.6 93.0 95.0 94.5 94.5 94.1
200.0 94.5 94.1 95.0 94.5 94.5 94.1

FULL LOAD EFFICIENCIES / ENCLOSED MOTORS
2POLE 4POLE 6 POLE
Nominal Minimum Nominal Minimum Nominal Minimum
HP Efficiencies Efficiencies Efficiencies Efficiencies Efficiencies Efficiencies

1.0 75.5 74.0 82.5 8L.5 80.0 78.5
1.5 82.5 81.5 84.0 825 85.5 84.0
2.0 84.0 82.5 84.0 825 86.5 85.5
3.0 85.5 84.0 87.5 86.5 87.5 86.5
5.0 87.5 86.5 87.5 86.5 87.5 86.5
7.5 88.5 87.5 89.5 88.5 89.5 88.5
10.0 89.5 . 88.5 89.5 88.5 89.5 - 885
15.0 90.2 89.5 91.0 90.2 90.2 89.5
20.0 90.2 89.5 91.0 90.2 90.2 89.5
25.0 91.0 90.2 924 91.7 91.7 91.0
30.0 91.0 90.2 924 91.7 91.7 91.0
40.0 91.7 91.0 93.0 924 93.0 92.4
50.0 92.4 91.7 93.0 92.4 93.0 924
60.0 93.0 924 93.6 93.0 93.6 93.0
75.0 93.0 924 94.1 93.6 93.6 93.0
100.0 93.6 93.0 94.5 94.1 94.1 93.6
125.0 94.5 94.1 94.5 94.1 94.1 93.6
150.0 94.5 94.1 95.0 94.5 95.0 94.5
200.0 95.0 94.5 95.0 94.5 95.0 94.5

Nominal Efficiencies compiled from the Energy Policy Act of 1992

Minimum efficiencies compiled from NEMA Standards MG 1-1993 Table 12-10

M, JP, and TCZ frame motors are not covered by EPACT standard and may
vary from published efficiencies
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by John H. Horwath
Chief Engineeer, Ampco Pumps

Dynamic Sealing - Introduction

Dynamic sealing, relative to centrifugal pumps, occurs
at the point where the shaft used to rotate the impeller
passes through the casing wall. Some sort of restric-
tive device must be incorporated into the pump hous-
ing to limit liquid leakage from the housing at the shaft
entry and prevent air from entering the housing at the
same location. Dynamic shaft sealing is the number
one mechanical problem in maintaining satisfactory
pump operation.

To assure proper sealing performance, the pump’s
rotating element should be checked periodically dur-
ing seal maintenance procedures. The seal manufac-
turer’s tolerances and instructions must be followed.
Too often, only a brief glance at the external portion
of the shaft sleeve is made. It is recommended that the
shaft runout also be checked. Runouts exceeding a
total indicator reading of .006 inches may need to be
reduced by replacing either the shaft, bearings or, in
the case of small close-coupled pumps, possibly the
entire motor. Other readings should be taken to assure
proper shaft alignment with the housing, ie., the stuf-
fing box face should be within .002 inches perpen-
dicular to the shaft, and axial thrust movement should
be no more than .005 inches.

The area surrounding the point at which the shaft
enters the pump is commonly referred to as the stuff-
ing box area. It may, depending upon pump design, be
either a separate component or an integral part of the
pump casing. Initially, the stuffing box took the form
of a cylindrical recessed housing which accommo-
dated a series of packing rings around the shaft or shaft
sleeve. The packing, being resilient, can be compressed
to the desired “‘diametric squeeze” fit by a gland
capable of adjustment in an axial direction. This
method of sealing led to the term “stuffing box”’

During operation, the fluid being handled flows
through the slight clearance between the moving parts
(shaft sleeve) and the stationary packing, thereby act-
ing as a lubricant for the packing. The fluid also
removes some of the heat resulting from the friction
occurring between the compressed packing and the
rotating shaft sleeve.

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

It was customary to equip pumps with inexpensive,
replaceable shaft sleeves to protect the shafts from nor-
mal friction wear. This sealing arrangement, illustrated
in figure 1, has been in existence since the develop-
ment of the modern centrifugal pump in the late 19th

century.

ADJUSTABLE GLAND [PACKING RINGS |
- < SHAFT SLEEVE
— £l £
SN -
o 22 ERANINY N
2 $onc

i '
< t
. q
I}
K I
< 1

LOW PRESIUNE

STUFFING BOX AREA

Figure 1

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

In recent years, the removal of asbestos as a packing
material left somewhat of a void in this type of seal-
ing arrangement. Teflon braided filament, while
chemically inert and with a high lubricity factor, is
Very sensitive to compression, resulting in profuse
leaking, burning up or scoring of the shaft sleeve
within a minimum adjustment range. Graphite fila-
ment yarn appears more pliable and has outstanding
self-lubricating and heat-dissipating characteristics.
Consult packing manufacturer’s recommendation
charts for specifics. Today’s charts not only include the
recommendation for a particular medium but list the
PV (pressure velocity) limit, temperature limit and pH
range as well.



-1sed o ur e
20USPZUOD 1973 Tey (1AM UOTDSIS [E3S S0EY ULD SISN
dumnd ‘s3pmS UOIEPUSTIIOIAS PUE SEYD (L100]9A
amssaid) A-d 4q paruswidny ‘s301a3p Surpeas pascrdut
01 AeaI3 PaIngIIIUoD 2ABY SSYDUI-OIONW UT SIYSTUY
Joeyms pue spueq Sy W ssawe)y apacid yomym
sonbrutpal SuruTyoEWw WISPOW Yiim SUOTE STelSYe
20e} Sureas amou Jo udwidopEAsp Sumunuod JYL

ASojouyda], SupueApy

*s901eId SUIEds pue UONONIS

-uod jo srerrew duwnd [oq SUTURUNISP JOF I3INO0S
Jiqenreaur tre 2re 3[doad SDUBUSIUTEW ‘TBOSEAT ST JOI
pafpuey Sueq Pnpord S YIIm 25U puey-18Iy
ySnony s|qes3papmoun] 1sow st 33sn dumnd 33 ‘UsYO

‘u8rsop
s, dumd 241 01 SANE[ BIEP M P3dnod 3dusHadxd
feondus uamo sty uo SuARs ‘wonosps srendoxdde sy
U 181sSE ose ued Jampegnuens dumd 341, "UONDIPAS
[Enm oy SUDEW 2J0JOq PIANSUOD IAREIUISIIdAT
TE3S & PUE PaMI1A3T A[YSnoIOy: 3q PNOYS Z3ep STL
*35usLadX> PIoTJ JO STEIA U0 PISeq SLIEYD UOTIEPUI
-woda1 ysfqnd SISINIDENUET [E3S [EDTURYDIW ISON

“pry 2y Jo sonrenb Suneouqni (L) pue
SSOUDAISEIqE pM[J ((19) ‘A31ae38 ogroads (€) ‘amiesadwn
pmy (3) Snssaad xoq Suygyms uMWIXEW (¢) ‘Pd
-eas 8uraq pmp (7) Towtuerp Yeys pue pasds odA ozis
dumd (1) rewotd SurAof[of Sy Aq PREIP 3q PINOYs
UONOIPRs 1eas reorueydaw Jadoig “udisap sdumd sy
£q AJuTEW P ‘S[ELSIEW PUE STUSUIDSUELIE JO A191
-TeA B U1 padodms oq ued ‘(31qeidadoe are smnurws 1od
sdoip ¢ 01 dn) Joo1d-3ES] 10U YA ‘S[EIS [EDTUEYIIN

P12y oyt Surzijodouows Afrenana Ansnput Suidund
S UT 15pES] JUSLIND 31 STpoyIaw Suress Jo adA1 sy L,

STEIS TEOTUEYOIN .

“Burysnyy pue UONESLIGN]
Suwreaq 01 pawaap st 2fedumd jo wo01d ¢ 01 ¢
2DUTS pa0NPaJ ST ADUSDIJS JLISWM|OA PUE ITUN PI[EIS
pIepues e ur ueyd 191233 st 93eddys asnedsq UIIdu0d
Jofetu  5q ued 9y Suwresq ‘padumd Sutaq pruby a1
30 sonzadoad oy Aq pasrug st uoredrdde Jo eary ared
PaunddSIP PUE DUBUMUTEW SANEIUAASIC J[qeIapis
-00° saambax USISOp TEOIP SN ‘Pa4a0IdIuT SE] POIIUT
Suress snp Jo ANMIQETAT SMYA\ 'PSIEIS[0l 2 URD
2Se3Es] OU USYM [EIPT ST JTUSWDZURLIE  SSIE3S,, YL,

Suresg sssaress

*SUONIPUOD SUEIOLINIP JO Uon
-5219p A[39 S3[qEus uondadsut Jo Iseq “suonerado Sux
-dumd Sutdejop INORIM dpew A[IPESS 3q Ued iredas
pue sjusunsnipe Aresodur) 181 52189p 341 01 S[qer1
are saxoq payoed “ssnzadord pmby pue WY 97Is
dumd uo spuadop orex [enpe oy, ‘(dmnurw 13d sdorp
09 01 §¥) 37e3 33ex{ea] 159ySMy S wIdd $9X0q PIYOEd

saxog payoed

-sydes8ered Surmoryoy oy Ut Ayonq
passnostp are souenropad dumd uo sey 3sau Jo
[oBd SPIYS PuE suonEw| ‘Sonmiqeded U3 ‘Payt

-JUSPI U99q ALY SIUSWIFULIIE [E3S SNOLIEA JEL) MON
suosredwo) [e3$

-uowuonAuS a3 woij padumd 8udq
pmy oy Sure[osT pUE SIPUSEW o1 Surreredos Joureq
JUSWUTEIUOD dNSuUSew-uou ATeuoness e i Jolow
31 £Q USALIP PUOD3S E PUE YEUS dund 31 01 padu
-U0D U0 — spuew s&ojduwd uSIsop $SI[EIS IPOUY

‘ . 0103 33 WOIJ JOJEIS JOI0W
Areuonels a3 sayeredas UED PUOdIS Y [UED,, PI[LIS
 ur are (xojowt pue dumd [0q UY) sired Suraow [
Yoy ur Jojowy/dumd € JO S1SISH0D 1un SY L, IqUIEyd
Suress ou sey ‘sofdul SWEU I3 SB YoM dumd
. SSSO[E3S,, S UT punoj st SUIess Jo POYISW pIp

Soredg ssareas
915 ‘sSuonN|os AISLIGE mIe>diu ‘SUONENIIS AI0PRA
-amssaxd puBsTiia 01 ANfIe Sy UO N UOISOLI0D
01 IDUEISTSI pUE sI0WEY AIDLIqN] uo Juapusdap Lfuo
10U ST S0EJINS SUTEas 313 JO UONDI[AS [ELINEW "SIO1AD
Tepruns Jo s8unids Aq 39y2801 P00y AJTERIUT SIE UDIYM.
1usuodwod yoes uo saoey paystod Adny ‘paddeg
‘yeg JO s1s1su0d Sueld STy UT 90mS SUlTess [enIde YL
SISUIST SUREI0I PUE ATEUONESS S,[e3s 33 JO rmun/
U T2 SUTISIUSD Jeys 31 01 Fefnorpusdisd sugideuo
SIND20 SUTEIs ATEWLI] SSAJOSUID UTRIA ATEUONIEIS
aTe SISQUUSW [E3S ISP JO YOED ISUIS JANE[M € U]

2 ainbig
T~ ' g j‘
Ry &
722,
(7.
H3IBW3W AHYNOILLYLS
H3IGN3N
ONIIVIOH D
NN
B
V. 2
*(-019 98pam

‘smoqpaq ‘Suni-A ‘Sur-Q ue A[ensn) A[qUISSSE SUNEIO
§,[29S (1 PUE 9A93[S YEYS 9YI UIIM13] e3re SUNEIO]
sy 305 ajqisuodsai stuorod Suneox oy L, “(193seS 10
Suw-O ‘dnd SLISWOISE]? U ‘A[fensn) Jess S,[e3S S pue
pued s dumd o1 usaMmiIaq BaJe ATEUOMES 943 SI[PUEY
Teas o jo uonzod Areuomels Sy, saNMIqIsuodsar
Sumeas UMO I ALA YoBD (7 2m3y) sIaquuswr Sunelos
pue ATeUonEls Jo pasudwiod ST [e3s [edTUeyoW 3L

‘saxoq Surgnas pasn Ajsnorasid ISA0 JUSWSACIAWT JULd
-gruSis € — pmbiy 9AISU3dXS A[9ANIE[SI S JO FENEI]
yeys powumur? Aqeonowid juswoSueire Sumeds
[EOTIEYOSW 33 ‘JUE[O0D B SE PIONPOIUT Sem 043
suspdpe usya sdumd wasds Surfood ome se Yyons
suoneorndde 1oy padojpasp AeuidQ s¥edk ¢¢ 1se]
U UTRIA UAMO SIT OIUF SWOD SeY SUTTE3S [EdTUEYOSN

301TeaS [EdIUEYOIN



Pump Modifications

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

Such modifications may include: flush, vent, flush and
vent, quench, flush and quench, injection, double seal,
outside seals, tandem seals, balanced seals, etc. The seal
manufacturer’s guide will define each modification.

Auxiliary equipment which may also be required
includes: heat exchangers, pressure lubricators, ad-
hesives, separators, cut-off or alarm switches, pressure
I€Servoirs, etc.

With this discussion, it becomes obvious why the
selection of an appropriate mechanical sealing arrange-
ment has literally become a science.

However, while a wide range of options/modifications
exists, the majority of services can be capably handled
with a standard seal arrangement. Still, accurate report-
ing of previous successes or failures by the pump user
will provide valuable clues to the seal engineer during
the selection process.

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

Maintenance

- Obviously, seal life is dependent on application,

materials of construction and maintenance. To operate
satisfactorily, the mating faces (both stationary and
rotating) must be parallel to each other at all times and
must always be separated by a film of sealing liquid.
Never run a seal dry. It can be ruined in a matter of
seconds. Some type of lubrication should also be pre-

- sent at the sealing surface.

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

As new materials are developed and coupled with
good seal design, some current modifications or aux-
iliaries may be eliminated. Obviously, this is not a
“mature” product. Demands for greater speed, higher
pressures and temperatures and new processing
techniques continue to grow. Radical design changes
are not expected until a more fundamental understand-
ing develops of what really occurs between the
stationary and rotating faces of the seal.

Conclusion

Just as, hydraulically, the system’s characteristics coupl-
ed with the pump’s characteristics determine flow, so
will the seal selection, installation, operation and
maintenance be directly related to the pump’s sealing
performance.
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Maintenance - Introduction

Since long-term breakdown cannot be tolerated in
most services, maintenance procedures and a con-
tingency plan must be established in advance to reduce
any economic loss caused by down-time.

During building and start-up, it is common to use out-
side personnel. It is during and/or immediately after
this period that operating personnel should acquaint
themselves with the pumping unit — particularly its
running performance. This will be of considerable aid
in establishing a standard for future reference. Instruc-
tion sheets, maintenance booklets and parts lists pro-
vided with the unit should be assembled in a file
referenced to a specific pump.

All possible performance data should be recorded once
the system has stabilized and is functioning properly.

Suction and discharge pressure readings, indicated.
flow — if possible, seal leakage loss rate, bearing -

temperature, noise and vibration levels all provide

input to a pump’s performance in the system. Granted,

it isn’t likely that ali this data can be measured. How-
ever, through familiarity with the unit, developing
changes can be detected merely by relying on sight,
hearing and touch.

From the start, operating personnel must be made
aware that any change in the system, including the
fluid being pumped, may have an effect on the pump’s
performance. It is, therefore, advisable to also record
fluid temperature, specific gravity, viscosity, liquid
concentration, percent of solid concentration, other
additives and properties.

A proper maintenance procedure should begin with
a file for each pump. All pertinent data discussed earlier
in this issue relative to the pump, fluid handled and
system should be included. Complete records of
maintenance and repair costs along with a log of the
unit’s operating hoars should be kept. In addition,
complete pumnip identification — size, type, operating
speed, manufacturer, serial number and material of
construction should be noted. Pertinent comments
and/or photos of specific problems can also be of
interest.

Maintenance Procedures
Daily Check — possibly the most important inspection
will be the daily or, in critical areas, even hourly obser-
vation made by your personnel of the following:

1. pressure reading and flow indicator

2. seal leakage rate
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3. change in operating sound
4. change in bearing temperature
Minimum Inspection — typically a minimum inspec-
tion is made at 6-month intervals with results noted in
the pump’s maintenance file. The inspection includes:
1. check of mechanical seal or packing assembly
2. check of bearing lubrication
Annual Inspection — includes the two minimum
inspection areas plus:
check of shaft sleeve wear
removal of packing/seal for inspection
bearing check
flushing and cleaning of internals plus drains,
and sealing of water piping and other piping.
check of wear ring (or housing bore) and
diametral clearance of impeller hub

Overhaul — should be performed periodically. Proper
frequency depends on a number of factors: (1) type of
service for which the pump is intended, (2) basic pump
design, (3) fluid being pumped, (4) materials of con-
struction, (5) number of start-stops and (6) typical
period of operation. Some severe services may require
monthly overhauls; other less-demanding services
might need this type of maintenance every 4 or 5 years.

Contingency Plan
For inspection findings and breakdowns, a contin-

gency plan should be developed. To begin with, an
adequate supply of probable replacement parts should
be kept on hand — depending on the extent to which
you can afford to risk a shut-down. ’
A minimum requirement for pump maintenance
should include the following itemns:

1. wear ring set (if applicable)

2. shaft sleeve

3. mechanical seal kit (complete with gasket

set) or packing set (complete with gasket set)

For the average requirement, the following additional
components should be added: :

4. impeller

5. impeller screw

6. shaft (pedestal unit only)*

7. bearing set (pedestal unit only)*
* For close-coupled units integrally mounted on special

motors, it is normal to contact the nearest Motor
Service Center for replacement of shaft and bearings.

I
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¢. small impeller diameter

4. Pump operates for a while, then quits

a. leaky suction hose

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

¢. suction lift too high (should not exceed 15 feet
dynamically of cold water unless otherwise
guaranteed)

d. air or other gases in liquid being pumped

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

5. Pump takes too much power

a. speed too high

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

¢. viscosity and/or specific gravity higher than
specified

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

e. wrong direction of rotation

Long-Term Storage

Ideally, a2 pump should be stored in a controlled atmos-
phere at an even temperature 10°F or more above the
dew point with a relative humidity of 50% or less and
with little dust and no harmful fumes present.

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

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

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

Conclusion

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

Best Advice — Be Prepared!
]






by Jobn H. Horwath
Chief Engineeer, Ampco Pumps
Corrosion - Introduction

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

Corrosion may be defined as the deterioration of
materials through chemical, electro-chemical or
mechanical-chemical attack. Although an extensive
variety of chemical attacks can occur, this article
will limit itself to the most common occurences in-
volving general-purpose centrifugal pumping of
corrosive media.

General Corrosion
General overall surface penetration by chemical re-
action causes a uniform reduction of the pump
casting’s wall thickness. Selection of a more resis-
tant material will normally reduce the net loss rate.

Crevice Corrosion
Intense localized corrosion which occurs within
crevices and other shielded areas is categorized as
crevice corrosion. A good pump designer will
eliminate this situation as much as possible in the
design stage.

Pitting Corrosion
Extremely localized attack which, many times,
develops during stagnation periods (downtime).
This type of corrosion can be devastating at the
immersion line where deep cavities can rapidly
develop in an irregular pattern. '

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

Number 10 in a series.

Galvanic Series

Corroded End (anodic end - or least noble)
Magnesium
Magnesium Alloys
Zinc
Aluminum
. Cadmium
Steel or Iron
18-8 Stainless Steel (active)
Lead .

Basic Information About Centrifugal Pumps

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

Tin
Nickel (active)
Brasses
Copper
Bronzes
Copper-Nickel Alloys
Nickel-Copper Alloys
Nickel (passive)
18-8 Suainless Steel (passive)
Silver
Graphite
Gold
Platinum
Protected End (cathodic - or most noble)

Erosion Corrosion

This type of corrosion is attributed to the removal of
protective surface films (oxide layer) by local, high-
velocity turbulent conditions, exposing the unpro-
tected metal surface to a direct corrosion attack. This
continuing action, coupled with an accelerated ero-
sion rate brought on by a deteriorating surface condi-
tion, leads to premature failure of the pump.

Cavitation corrosion, described in an earlier article as
the rapid formation and collapse of vapor bubbles
resulting in implosions, is, in essence, a form of ero-
sion corrosion.

Many factors influence the resistance of materials to
corrosive solutions. These include: temperature, con-

" centration, degree of aeration, caralytic contaminants,

solids in suspension, velocity, stagnation period,
influence of re-circulation and equipment design.

Obviously, good corrosion resistance is a top prere-
quisite for handling corrosive media. Since it is nor-
mally impractical to totally eliminate corrosion, the
“smart” engineering approach is to utilize a *“fully”
resistant material of construction.

Material Selection

Be aware that the proper material selection is ulti-
marely the user’s responsibility. Only the user can
control the liquid being pumped relative to concen-
tration, temperature, etc. The responsibility of the
pump manufacturer is to provide the selected material
in a physically sound condition and to the correct
chemical compositon while meeting specified hy-
draulic requirements. In practice, a creditable pump
supplier will provide guidance based on his experience
with previous applications involving similar services.
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by John H. Horwash
Chief Engineeer, Ampco Pumps

Number 11 in a series.

Sound - Introduction

A general definition of what constitutes sound is in
order before relating this subject specifically to pump
operation.

Sound is defined as mechanical energy transmitted by
pressure waves in an elastic medium such as air or
water. Sound is constantly around us and is transmit-
ted to our sense of hearing. Sound allows us to react
accordingly, depending on our physical ability to
hear the sound and our interest in the scund being
developed. -

Most of the sounds we hear are caused by objects
vibrating in contact with air. Sound propagation in
air can be compared to waves in water. The waves
spread uniformly in all directions, decreasing in
amplitude as they move from the source. Obstacles
placed in their path will disrupt the flow pattern in that
particular area.

Disrupting sounds, many of which have become
prevalent in today’s society, can be classified as noise.
Basically, two types of noise exist: (1) aitborne noise
which is carried through the air in the form of pressure
fluctuations and (2) structure-borne noise which is
transmitted through a solid body in the form of
vibrations.

Measurement of airborne noise is conducted through
the use of microphones and sound level meters at
specific frequencies.

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

Sound is universally measured in decibels (dB). While
four decibel scales of measurement exist, only the ‘A”
network is commonly used today. Decibel scales are
related to an absolute pressure scale. In terms of ab-
solute measurement, the normal ear can detect a sound
pressure of 20 millionth of a pascal - 0 dB(A) - which
is a factor of 5,000,000,000 less than the standard
atmospheric pressure of 14.7 pounds per square inch.
At 100,000,000 millionth of a pascal - 134 dB(A) - the
ear would be at the threshold of pain.

Using the “A”” network, examples of a broad range of
sound sources are offered below:

Decibels dB(A)
Jet Plane 130
Boiler Factory ' 115
Heavy Traffic 100
Normal Office 80
Quiet Office 60
Whisper : 40
Threshold of Hearing 0

Basic Information About Centrifugal Pumps

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

Working Standards

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

Pump Operation

Noise, while uncomfortable to the ear, can be a signal
of potential trouble in the operation of 2 pump and/or
system. Operating, maintenance and engineering per-
sonnel prefer a centrifugal pump system to be relatively
quiet. However, because the pump is the initiating
source of fluid movement, the universal tendency is

to brand it as the basic cause when high noise levels
are reached.

In reality, more noises will normally develop in the
system than in the typical pump-motor combination,
particularly if the unit requires less than a 25 HP driver
Actually, noise generation in a pump-system arrange-
ment inherently begins during the development of
the pump’s design as the hydraulic and physical
characteristics are established and ends with the
design and installation of the system along with its
environment.

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

Another noise attributed to the pump is cavitation.
This is not necessarily a pump problem if the pump
meets the stated NPSH requirement and the actual
requirement is less than that.

Reducing Noise in the Pump

Operation of the pump at its Best Efficiency Point
obviously will aid in reducing the unit’s noise level
since the hydraulic efficiency is highest at the BEP
capacity. In a good pump design, the resulting losses
at the BEP are, primarily, friction losses. Away from
the BEP, shock losses occuring at the point where
liquid enters and leaves the impeller become an ever-
increasing factor.
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Number 12in a series.

by Jobn H. Horwath
Chief Engineer, Ampco Pumps

Motors - Introduction

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

Because motors are usually quite dependable, little
thought is given to their selection. Many motors
are purchased as integral components of process
equipment.

However, environmental and energy requirements can
play an important role in motor selection. It has been
estimated that electric motors consume about 60 per-
cent of the electricity generated in the United States.
This article will limit itself to the general purpose A.C.
motor which is the most common industrial unit.

A.C. Motors

These motors are available in two size categories —

fractional and integral horsepower. The great majority
are 3-phase motors (up to 100 HP) operating at
460 volts although some fractionals are single-phase
and operate from common-line voltages of 115 or
230 volts.

Overall, the squirrel-cage, constant-speed, 3-phase in-
duction motor is the most common electrical power
source. In brief, this unit consists of two windings.
One, referred to as the stator, is stationary and is
embedded in slots in the motor frame. The second, or
rotor winding, consists of a series of copper or
aluminum bars embedded lengthwise in the iron core
of the rotor which is the moving element of the motor.

/

Ampco TYpe KC2 close-coupled pump mounted to a fractional
horsepower motor.
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(414) 643-1852 Telephone
(414) 643-4452 Facsimile

A.C. current is applied to the windings of the stator
pole, producing an electro-magnetic field which varies
in strength and polarity as the current flows in alter-
nating directions. An electrical field is created within
the rotor, producing a force upon the rotor’s conduc-
tors which tends to make the rotor revolve in the same
direction as the electrical field.

The squirrel-cage motor is characterized by inherently
good speed regulation, low cost and uncontrollied
acceleration. Five standard types are manufactured to
NEMA Design Specifications. They are referred to as
NEMA Design A, B, C, D and E.

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

Environment

Next to speed and horsepower, the environment under
which a motor will operate is a most important con-
sideration in the motor selection process. Environment
determines the type of motor insulation and motor
enclosure that should be used. Both decisions must be
made after careful analysis to ensure longest possible
motor life at the least possible cost.

Ambient temperature, immediate air contaminants,
altitude and other environmental factors must also be
satisfied through modification of the electrical and/or
mechanical motor components.

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

While a number of enclosures and their variations
exist, this discussion will be limited to the most com-
mon types. More detailed references can be found in

* NEMA STANDARDS — Developed by the National Manufacturer’s Associa-
tion, 2 non-profit trade association of manufacrurers of electrical appararus
and supplies engaged in standandizarion to facilitare understanding berween
the manufacturers and users of electrical products.
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While overall standards for frames, C-flanges and shaft
extensions are identical for all motor manufacturers,
the bearings used may vary somewhat by size. This will
have a direct effect on the radial and axial load limits
of the motor bearings as well as on their life factor. In
addition, there are other limiting factors which have
to be considered relative to speed, size, lubrication, in-
ternal shaft design, etc.

Service Factor

The service factor is a multiplier applied to the rated
horsepower which determines the maximum
horsepower a motor can safely deliver. When a motor
operates in the allowable overload range, the unit will
probably have a greater temperature rise, a lower shaft
speed and a change in efficiency.

In sizing a pump motor, the pump'’s performance date
(curve) should be studied to assure adequate available
horsepower for the specified application. Good pump
design provides characteristics which will result in a
tangential relationship between the pump impeller’s
head-capacity curve and the brake horsepower re-
quirements as they apply to the pump’s performance
over a series of impeller curves.

Efficiency

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

The energy not converted to mechanical power turns
into heat within the motor frame. The heat must be
removed from the unit by the cooling medium which,
in a standard motor, is the air surrounding the motor.
The motor’s ability to dispose of the waste heat,
or losses, is directly related to the temperature of the
surrounding air which is referred to as ‘‘ambient”
temperature.

Direction Rotation

General-purpose motors are usually made with sym-
metrical parts to allow rotation in either direction.
Three-phase motors can be reversed by interchanging
any two of the three incoming power leads to the
stator winding. There is no standard direction of rota-
tion since the phase sequence of the incoming lines
cannot be predetermined. Motor-pump units should
be carefully tested for correct rotation relative to the
pump’s requirements before being placed in service.

Motor Problems

The biggest single cause of motor problems is due to
bearing failure — usually resulting from misalignment
or faulty lubrication. Motors should be lubricated
according to instructions supplied by the motor
manufacturers. Be aware that too much lubrication can
be as detrimental as too little. In practice, over lubrica-
tion results in more failures than under lubrication.

Close-coupled pumps can experience seal faiture if not
properly maintained. In certain case, it may be less ex-
pensive to replace smaller motors than to repair them.

Where severe moisture exists, space heaters can be
employed on integral horsepower motors to keep the
internal air of the motor, when in the idle mode, above
ambient temperature. This prevents moist air from
being drawn into the motor as the unit cools down in
response to ambient temperature changes.

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

Summary

In any new pumping application, the key to electric
motor reliability is to carefully define the application
requirements and then, based on those findings, select
the appropriate motor tyvpe and size, enclosure, insula-
tion system and bearings.

Extreme care must also be exercised in ordering
replacement motors to assure that complete inter-
changeability exists. This includes meeting all of the
specifications of the original unit including special
materials of construction as well as other electrical and
physical modifications.






Number 13 in a series.

by John H. Horwath,

Chief Engineer; Ampco Pumps
Variable Speed Drives - Introduction
Liquid processing industries are becoming increasingly
aware of the need to consider and implement all
energy saving efforts, especially during periods of
rising energy costs.

In pumping systems, energy losses can result from
valve throttling and orificing to balance systems having
oversized pumps, and in attempting to utilize a single
unit to meet the demands of several system require-
ments. It has been conservatively estimated that over
20% of the energy consumed by pump-motor units
is dissipated in controlling flow rate alone.

The accompanying chart shows the power wasted in
a typical throttling operation. Remember that the
wasted energy, apart from consuming utility dollars,
is causing needless wear and tear on the system and
pump components in terms of erosion and heat
buildup.

CAPACITY

Reduction of this wasted energy can be realized
through examination of existing systems and more
precise determination of head requirements for pro-
posed applications. Two options are available to
modify the original condition hydraulic requirements:
(1) change impeller diameter and (2) change pump
speed. Either of these methods can be effective since
2 centrifugal pump, being a velocity machine, is
primarily dependent on the tip velocity of the rotating
impeller which will usually be the main vector of the
resultant velocity. :
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Adjustable Speed Drives

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

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

Mechanical

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

expense of reduced torque.

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

Among the negative aspects, heat buildup has always
been a problem. Even when operation is within rated
speed and horsepower conditions, heat is 2. major
factor contributing to belt deterioration. Heat and belt
wear tend to produce variations of 5-10% in drive
ratios, therefore speed control accuracy is quite low for
this method.

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

Electro-Mechanical

Another method of varying motor speed is the genera-
tion of torque by means of eddy-currrent devices. This
type of drive has been available for more than 60 years
and is still quite popular today. Basically, this is an
electric clutch (slip device) used to vary the degree of
slip between a drive and driven element. The cost of
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Summary

Not only have variable speed pumps become genuine-
ly automated control elements in process regulating
systems, they have also eliminated other less effective
elements.

Controlled pump systems (C.PS.) reduce wear on
pump components as well as within the system itself.
In addition, the infinitely variable frequency regulation
provided by C.PS. offers significant savings in electrical
energy consumption. The current consumption is
effectively matched to shaft output of the pump in
relation to flow rate and head requirement.

It appears that the versatile a.c. motor equipped with
areliable, less complex control will likely become the
most popular method of speed variations in small pro-
cess centrifugal pumps (under 100 HP).

As usage increases in all application areas utilizing this
technology, the cost of these type units will continue
to drop, making them all the more attractive. Ever-
widening speed limitations, including potential opera-
tion beyond the standard 3500-rpm electric motor,
could, in some instances, create further demand. This
applies, in particular, to the prospect-of smaller pumps
operating beyond the so-called standard 3500-rpm line
which has been generally adhered to over the last
50-plus years.

Improvements in bearings, shaft sealing materials and
manufacturing processes will provide the mechanical
necessities for utilizing higher-speed drives. This will
resuit in 2 smaller, more economical pump providing
the same basic hydraulic characteristics of the larger
3500-rpm units in common use today. Obviously,
other factors, primarily the NPSH requirement, will
limit the degree of reduction that can be made.

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

Advantages gained by utilizing a full variable-speed
range include: (1) broader hydraulic range, (2) less
wasted energy, (3) greater application versatility, (4)
extended pump life and (5) greater use of existing
pumps.

Do NOT extend a pump’s speed range beyond the
maximum limit indicated on the pump’s nameplate
without obtaining specific approval from the pump
manufacturer’s application engineers. A number of fac-
tors must be determined: (1) the loads and working
pressures that would be incurred at the higher speeds,
(2) the capability of the pump and motor components
to withstand these new conditions, and (3) the torque
and horsepower requirements at the higher speeds. In
the case of close-coupled pump motors, the motor
manufacturer should advise whether the motor bear-
ings and shaft are appropriate for the anticipated radial
and thrust bearing loads, shaft deflection at the im-
peller vertical centerline and the unit’s critical speed.
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by Jobn H. Horwath,
Chief Engineer, Ampco Pumps
Viscosity - Introduction
The viscosity of a liquid is that characteristic which
tends to resist an internal shearing force. As motion
(flow) of a fluid is produced by shearing forces,
viscosity is associated with fluid motion.

There are innumerable ways to measure viscosity.
This article will confine itself to the three most com-
monly used measurements which are (1) dynamic
viscosity, (2) kinematic viscosity and (3) Seconds
Sayboit Universal (SSU).

The unit of dynamic viscosity in metric measurement
is the dyne-second per square centimeter, referred to
asthe poise. Numerical values are commonly express-
ed in centipoises (100 centipoises equals 1 poise).

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

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

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

Effect on Pump Performance

Centrifugal pumps are quite sensitive to, and will
usually cause, reductions in capacity and head as the
viscosity of the liquid increases. Centrifugal pump
performance is almost invariably specified by the
manufacturer on thebasis of handling clear, cold water
withaviscosity in thearea of 32 SSU. Inmost instances,
viscosities under 100 SSU will not have a characteristic
noticeably different from that of cold water which, by
the way, isalmost universally used as the fluid medium
for factory testing.

Effect on System

System friction losses for viscous liquids increase
drastically as the viscosity of the fluid media increases.
Twosources for viscousfriction loss data are: Hydraulic
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Institute Engineering Data Book and Cameron
Hydraulic Data.

Iftheliquidbeing handled has anunknown viscosity,
itmay bebest to refer to one of several text or reference
book sources such as: Chemical Engineering Hand-
book-Perry or Handbook of Chemistry-Lange’s.

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

Since a liquid’s viscosity is related to temperature, it
is necessary to include this factor as well in deter-
mining the real viscosity of the liquid at pumping
temperature when incomplete data is given. In
addition to the reference sources mentioned earlier,
anarticle in Chemical Engineering (July 16, 1979)titled
““Viscosity-Temperature Correlation for Liquids™ isan
excellent source of information since it covers 326
substances in the liquid state.

In developing expected system and pump performance
characteristics, keep in mind that a rise in temperature
will decrease the system requirement and increase the
pump’s performance characteristic-—a beneficial
improvement both ways.

Determination of Pump’s Viscosity
Characteristics

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

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

The empirical-based datain charts 1 and 2 isapplicabie
for centrifugal pumps of conventional hydraulic design
in their normal operating range, with either open or
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In this example, the pump water BEP is 750 gpm at 100

feet. Starting at a capacity of 750 gpm at the bottom
of the chart, proceed vertically to the 100 foot head
rating. At this point, move horizontally to the 1,000
SSU viscosity line. Again move vertically to the top of
the chart. Here, intersections with Cy, Cgand Cy,
will indicate the correction factors applicable to the
head capacity, and efficiency in establishing the
bnit’s 1,000 SSU viscosity performance at four points.
Each point will normally have a different head Cy)
correction factor while the same factor will be used
to correct capacity and efficiency at each point.

The following equations are used for the viscous
performance determination:

Capacity......... QViSGO% = Cox QWGO%
Quisgpo, = CoX Qwggo,
Quis1009% = Ce* Qwiggy
Qvis;z00, = CoX Qwizgy
Head.............. H

visgo9 =~ Cugo9 * Hwggo,
visgoos = CHgoo, X Hwggo,
vis100% = “H1009% * Hw1009%
vis1209% = CHi209 X Hwizgo

H
H
H

Efficiency....... Tvisgpo, = Cn ¥ "wg0%
Tvisgoos = n X Mwggo,
Tvis100% = “nX w1009
vis1209 = “n X Pwin09
bhpyis = Qyis X Hyjg x Specific Gravity

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

Summary

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

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

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

A most important point to remember is that a rise in
liquid temperature willnormally reduce its viscosity.
If higher processing temperatures are permitted and
an economical heat source is readily available, you may
increase the pump’s hydraulic performance while
utilizing less horsepower. In addition, the system
requirements will also be reduced accordingly, thereby
providing an even more favorable situation.
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System Piping Design - Introduction
There are two sets of inter-related conditions which
need to be satisfied in establishing piping design in
a system: (1) those imposed by the hydraulic oper-
ating conditions to determine the basic pipe size,
material and wall thickness, and (2) those developed
in laying out the physical piping system where ther-
mal expansion, method of support and all other
encountered loads must be accounted for in the
structural design.

The first step is to establish applicable design param-
eters and code requirements such as:
P Liquid Characteristics

P> Pressure

» Temperature :

» Pipe Material Specifications

» Corrosion and Erosion Allowances
> External Loading

» Code Requirements

» Purpose of Flow

» Other

Intheabsence of codes, it is recommended that ANSI
B 31.1.0 “Power Piping’’ be used as a reference. All
assumptions made in establishing design criteria
should also be so noted.

Hydraulic Pipe Sizing

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

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

Process Control - To achieve good flow control in
a pipeline, the control valve should absorb at least
30% ofthetotal frictional pressure drop in the system.

Two-Phase Flow - Essentially, every chemical pro-
cess involves some two-phase flow problems which,
conceivably, could be of some significance, particu-

larly in the suction side of a pump operation. The

complexities in this area can be immense. References
of patterns predicted by any general flow-pattern
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map may never be wholly successful. Forces that
control one pattern (flow of large bubbles is depen-
dent on gravitational forces and independent of
surface forces)may be unimportantin otherinstances
(flow of small vapor bubbles which depend basically
on surface forces).

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

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

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

Suction line liquid velocities in the area of 2 to 8 feet
per second are common for low NPSH applications.
A good general-purpose centrifugal pump operating
at its best efficiency point will usually produce
velocities of 9 to 10 feet per second, with some
units running as high as 18 feet per second. Total
suction line losses should not exceed 1 to 3 feet of
liquid head.

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

Sizing

Good sizing methods are of economic importance
since the cost of process piping typically ranges from
10 to 20% of the total plant cost. It is necessary to
reach an economic balance between line sizes, pipe
configurations, power requirements and capital costs.
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Flexibility may be provided by changes of direction
in the piping through the use of bends, loops or off-
sets, or by making provisions to absorb thermal
movement by using expansion joints through those
directions and magnitudes allowed by the joint
design.

Figure2 4
2

Good Flexibility

L ¢

2

2_.

Some Flexibility

3
2
No Flexibility

Bending stresses due to thermal expansion are not
significantly affected by increasing pipe wall thick-
ness. Rather, increasing wall thickness has an even
more undesirable effect in that the reacting forces
and movements are increased in a direct ratio.

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

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

Analysis Requirement

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

DY <

0.03
L-Uy

where

D = nominal pipe size (inches)

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

developed length of line axis (feet)

anchor distance - length of straight line joining
anchors (feet)

L
[§)

Analysis

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

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

A second series of tables on expansion bends and
examples of their use are provided on pages 32 to 43
of the same publication.

When the configuration of a piping system is such
that these tables will not apply, it may be necessary
to use the basic equations of analytical methods
found on pages 44 to 65 of Grinnell’s publication.

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

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

SA = £(1.25 S¢ + 0.25 )

See Section 102.3.2 (page 10) of “Power Piping’ -
ANSI 31.1.0 and Appendix A, Tables A-1 and A-2
for allowable stress values at the coldest (S¢) and
hottest (S,) temperatures to which the system will
be exposed.

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

Code as:
SE = V(SB)2 + 4(5':[')2

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

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

Pipe Support

No firm rules or limits exist here. Support locations
are dependent on pipe size, pipe configuration, the
location of heavy valves and fittings, and the struc-
ture that is utilized for the support of the piping.
Load effects due to service pressure, wind, seismic,
etc. must also be taken into account.
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Number 16 in a series.

by Jobn H. Horwath,
_ Chief Engineer, Ampco Pumps
Erosion - Introduction
While erosion has been acknowledged as a basic
factorin pumpdesign and application, little hasbeen
written relative to specific erosive effects which
may occur when pumps are placed in actual service.
Obviously, the infinite number of possibilities that
coexist, coupled with the interactions of: flow
(velocity, type, eddies, etc.), pressure, temperature,
corrosiveness, wear resistance, properties specific
to the media being pumped, and the actual point of
operation all further complicate and, at the same
time, narrow the application range of each service.

To begin with, erosion is defined as ‘‘diminishing
or destroying by degree’ In the design and appli-
cation of centrifugal pumps (kinetic machines
converting mechanical energy into hydraulic energy
through centrifugal action) there are several areas
where erosion may occur. Pump surfaces of the
rotating impeller and the stationary housing com-
ponents are especially vulnerable to attack. Typical
examples are shown in Figures 1 and 2.

Basic Information About Centrifugal Pumps

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

Figure 2: Rotating Impeller

Our discussion in this paper is centered on better
understanding and effectively fighting the occurance
of erosion relative to the pump and pumping system.

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

‘Wear Erosion - This form of erosion refers to the loss
of material from internal hydraulic surface areas of
the pump. This action can usually be attributed to
solutions which are poor lubricants or which contain
abrasive matter - both contributing factors to ad-
hesive and abrasive wear.

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

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

Next, the material requirement should be such that
it will withstand wear as well as corrosion. All too
often, corrosion will cause premature failure in what
was originally a wear-resistant material.

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

This includes running the unit near its BEP (best
efficiency point). Limitations relative to NPSH avail-
ability must also be met. While parameters in these
areas are quite definitive, those in the area of recircu-

lation will remain vague until more empirical data -

is developed to provide sound practical limits. Enough
work has already been completed in this field to
enable pump designers to establish some approxi-
mate parameters for specific applications normally
developed by actual service.

Always keep in mind that the user of a poorly design-
ed or applied pump pays two-fold for his error -
needlessly paying for massive amounts of wasted
energy which, as it is dissipated into destructive
erosion within the pump and system, effectively
reduces the life expectancy of the unit.

Evaluate Materials of Construction

This must be accomplished in several aspects relative
to the intended service. Corrosion, cavitation and wear
must be included. Previous experience in similar
applications canbe the user’s greatest aid in selecting
an adequate material. While hardness is not the only
criteria of resistance to abrasive wear, it does provide
a guide in the selection of ductile materials ranging
from cast iron through the bronzes to the 300 and
400 series stainless steels. No definitive method of
wear rate related to abrasive particles has yet been
established.

As it may not be practical to eliminate all cavitation
conditions, it is reasonable to conclude that materials
with a higher degree of resistiveness to cavitation be
considered. While there isn’t total unanimity as to
which materials are superior, both nickel-aluminum
bronze and the 300 stainless steels consistently rate
higher marks.

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

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

Employing Latest Manufacturing Methods

These include the investment and evaporative foam
casting processes. Increases of up to 5% in pump
efficiencies can be realized by substituting one of
these processes for the tradjtional sand cast method.
Benefits include smoother surface finishes with
minimal flaws, resulting in fewer potential nucleation
sites. This reduces the risk of bubbles which might

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

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

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

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

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

Summary

As in so many areas, final appraisal of a pump’s
performance is established by its ‘‘engineered appli-
cation’’. Severe erosion can be reduced if a pump
with a good hydraulic design is properly applied.
However, at best this remains a ‘‘state of the art”
determination. Where problems are incurred, op-
tions always exist to modify, correct or replace the
current unit withanother more applicable approach.
If you can’t keep the system simple, try to keep the
liquid velocity as uniform as possible.

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

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

Figure 5

Compare the open impeller after 3 months, and the closed design after
3 full years, of pumping the same slurry at identical speed, capacity
and head. Open impeller, badly worn on vane faces, had lost so much
capacity it had to be replaced.
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Pump and System Curves II

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

Introduction

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

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

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

Reduced flow requirements should also be analyzed

. as to their effect on the valves and pump. The valves

must be able to maintain effective control of the pro-
cess without chattering (high pressure drop). Analysis
of the pump should determine the extent of reduced
operational effects such as radial loading, flow recir-
culation and heat buildup.

The following discussion presents some examples of
more complex systems.

Example 1
Single pump operation of two lines in parallel with
different elevation levels.

Begin by developing the individual head-capacity
system curve for each line from point A toBand A to
C. Then graph each segment relative to their static
discharge head differential (AH). Next, determine
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figure 1

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

POINT OF
OPERATION
Q
<
w
. I
a
3] A
s | = —
2T
l T
|
M
figure 2 GP

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

Example 2
Two pipe lines in series with a side outlet (or part of
Jlow diverted elsewbere).

AHgc
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Example 5

Centrifugal pumping system with a continuous
recirculationline. Theprimarypurpose of therecir-
culation process loop is to prevent overbeating the
pbump by maintaining a minimum safe flow. A
typical continuous recirculation line is shown in
Sigure 8.

ORIFICE
l :'5
B
figure 8
. | MIN. PUMP FLOW WHEN
TANK “A” FLOW IS STOPPED
1 Heuye NORMAL
POINT OF
/ < OPERATION

HEAD

— Qg Qa

figure 9

A graphical analysis (figure 9) canbe made to illustrate
what develops when a by-pass orifice is introduced.

General

Justasapump characteristic can provide much mean-
ingful information relative to its capability, operation
and design, so, to a good degree, will a partial system
curve, developed from a minimal amount of actual
data, provide insight relative toasystem’s performance.

The most common question asked of a pump ap-
plication engineer is: ‘‘How much will the flow rate
throughmy system increase if I go to alarger impeller
diameter and/or pump?”’

To check this in an existing system, taking actual data

utilizing properly calibrated test equipment (pressure
gauges and flow meter) positioned in accordance

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

Another factor is that the system’s NPSH available at
the desired flow must be met by or exceed that required
by the pump. Upon meeting these requirements, the
velocity head, entrance-exit and friction losses of a
uniform solution can be assumed to be proportional
to the flow (GPM1)2. Knowing this, the Total Dynamic
Head for a greater or lesser flow (GPMz2) can be
computed:

TDH:2 = [(GPM2)2 (TDH:1 -StaticHead)] + StaticHead

(GPM1)2

Using this method to determine TDHz2, a partial
system curve (figure 10) can be calculated that will
allow us to superimpose other impeller diameters for
the existing pump or even another pump size to deter-
mine an approximate point of operation. This would
then allow us to select a size, speed and impeller
diameter along with the motor horsepower capable
of handling the new flow requirement.

—_SUmag ¢
REP LAFMENT\
[m]
<
% .
-
" o
1oL AN
w5 T o
og !
=0 pe] i
%9 [&] (=]
GALLONS PER MINUTE
figure 10

In addition, remember that your system’s NPSH
available at the increased flow will decrease and the
required pump NPSH will increase (refer to article 3
of this series relative to the NPSH factor).

Note also how your system-pump characteristics
can control the degree of variation in your flow
and pressure.
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Effects of Developed Hydraulic Loads in Centrifugal Pumps

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

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

Priorto the 1950’s, little was known by the typical user
of volute-type centrifugal pumps relative to the shaft and
bearing loads developed hydraulically within the pump
housing. Knowledgeable pump designers generally were
aware of the potential consequences and designed ac-
cordingly. For those who weren’t, AJ. Stepanoff,
America’sforemost pumnp expert of that era, covered this
subject inhisbook, “‘Centrifugal and Axial-Flow Pumps,”
first published in 1948 from a design and application
viewpoint along with a number of technical papers
released in this same period. In the mid-fifties, Donald
S. Ullock of Carbide and Carbon Chemical Company
presented a paper titled ‘‘Evaluating the Mechanical
Design of End Suction Centrifugal Pumps”’ published
inMay, 1955 in Chemical Engineering Progress (vol. 51,
no. 5, pages 207-222). Later, an appendix he wrote ex-
panding on this subject was also published. Ullock’s
papers were written from the standpoint of those who
specify, purchase, operate and maintain centrifugal
pumps.

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

A rash of pump failures at that time helped arouse con-
siderable skepticism as to the worthiness of 3500 RPM
operation, which was beginning to gain in popularity
after half a century of domination by the reliable 1750
RPM drives. The call for higher processing pressures and
the advent of the economical 3500 RPM, squirrel-cage
A.C. motor precipitated this change.

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

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

A well-designed pump is one which has the proper size
of shaft for the radial and axial loads exerted by the im-
peller at its rotating speed. This can be calculated and
checked by measuring the loads involved and then
designing shaft and bearings accordingly for a specific
flow range.

. Today’s textbooks, standards and specifications often

make reference to shaft and bearing requirements, par-
ticularly related to shaft deflection and stress along with
bearing life expectancy.

Radial Loads

While there are several methods of converting velocity
energy to pressure energy, the most popular method,
primarily because of its economical design, is the single
volute casing. Here, agood engineered product will result
in uniform pressure within the volute casing at the design
(best efficiency) point capacity. For pumps in applica-
tions normally operating at or near the best efficiency
point capacity, the radial thrust factor may approach zero
as indicated in figure 1 for a typical volute-style cen-
trifugal pump.
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Axial Loads

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

Several factors affect the magnitude of the axial thrust
developed in a single-stage, overhung impeller pump.
Proper sizing of the thrust bearing is dependent on fac-
tual knowledge of the thrust-bearing loads being
developed. Relative to the impeller itself, against which
the unequal internal pressures will act in developing a
resultant axial thrust force, this includes: (1) pump design
(open, semi-open or enclosed impeller), (2) the im-
pelier’s major diametral areas in the axial plane related
to developed pressures, (3) back-side shroud ribs, (4)
balance holes (size and number), (5) wear ring radial
clearance and (6) shaft sleeve diameter. Based on the
pump’s working pressures from suction entry to volute
discharge, the resultant magnitude and direction may
be determined. Since a general-purpose pump may be
exposed to a number of service conditions over awide
range of suction conditions, the thrust bearing of a single-
stage unit must be designed to take thrust in either direc-
tion. For calculating these loads, refer to the detailed
methodsused by D.S. UHock in hisappendix *‘Evaluating
the Mechanical Design of End Suction Centrifugal
Pumps,’ to various pump textbooks or to simpler
methods related to shut-off pressure, area of the impeller
at the wear ring, overall area at the impeller O.D. and
area at the shaft sleeve diameter.

Shaft and Bearing Loads

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

Typically, in a2 two-bearing arrangement, one support
is “fixed” and subjected to the thrust load plus the
statically determined part of radial load while the other
is a ““floating”’ bearing load consisting entirely of it’s
static radial load reaction occurring at the floating bearing
location.

Close-coupled pumploads can be passed on to the motor
manufacturer along with specific shaft location and
direction of rotation. At one time, 2 major manufacturer
of close-coupled pump motors provided a data sheet in-
dicating aliowable limits based on speed (RPM) related

- toradial and axial loads. Among the determinations that

could be made was shaft deflection related toa reference
point on the shaft end on which the impeller was
mounted, based on a deflection factor provided as “inch
per pound of radial load.”” The data sheet also provided

a graphical parameter indicating allowable combined
loads (thrust and a factored radial load) related to motor
frame size and RPM. Axial thrust values were also pro-
vided for shafts in tension and for maximum permissable
reverse thrusts where shafts would be in compression.

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

Shaft Deflection

Shaft deflection is primarily (1) a direct function of the
radial load and the cube of the overhung shaft length
and (2) aninverse function of the moment of shaft cross-
section inertia (at the overhung section) and the modulus
of elasticity of the shaft material.

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

In addition to remaining within the radial clearance of
the wearing ring in order to maintain a high volumetric
efficiency, shaft stiffness is also required in the
mechanical sealing area (commonly .002"" maximum
deflection) to provide proper contact between the lap-
ped faces of the rotating and stationary seals at all times.

Shaft Failure

Typically, shaft stress is greatest in the overhung cross-
section immediately beyond the shaft’s inboard bearing
where the shaft diameter decreases. It is at this point
where the high localized stress referred to as stress
concentration commonly occurs. To minimize these
stress raisers, it is necessary to provide smooth fillets of
maximum allowable radii where abrupt changes in cross-
sectional areas exist. Failure to reduce stress concentra-
tion in these areas may result in fatigue failure caused
by stress raisers subjected to cyclic stress in the rotating
shaft.

Bearing Life

Bearinglife is defined as the number of hours ata given
speed that 90% of a group of bearings will attain or ex-
ceed before the onset of fatigue. This basic definition
is commonly referred to as bearing L, life.

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

a.) load

b.) speed

C.) temperature

d.) mounting

¢.) lubrication
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Number 19 in a series

by Jobn H. Horwath
Chief Engineer, Ampco Pumps

Standard Motor Controls

This article was prepared with the intention of providing
engineers, maintenance personnel and others working
with centrifugal pumps useful and informative reference
material about AC squirrel-cage motor starters and
controls. The pump motor and motor controller are inter-
related and often are considered as a package when
choosing specifics for a particular application. Simple
motor controllers, called motor starters, start and Stop
the motor merely by applying and removing electrical
power. More complex controllers may also condition
the electrical power to provide required output
characteristics. Motor protectors prevent motor opera-
tion under conditions which might cause overheating
and motor winding damage. The functions are available
separately oras various combinations in individual units.

Functions

The five major functions of a motor control system are
intended to: (1) stop and start electric motors, (2) pro-
tect personnel, motors and control equipment, (3)govern
motor speed, torque, horsepower and other
characteristics, (4) maintain proper sequencing of
motors, equipment, processes and operations, (5) sense
and correct errors in operation of a motor, pump or
process.

Code

Laws, codes, regulations and standards canbe an impor-
ant factor in the selection process of a controller for a
specific application. OSHA has, per its section 1910.309,
adopted as anational concensus standard, the National
Electrical Code NFPA 70-1971. The purpose of the NEC
is the practical safeguarding of any persons, buildings
and contents from hazards arising from the use of elec-
tricity for light, heat, power and other purposes. This
means that equipment must be labeled or otherwise
determined to be safe by a nationally recognized testing
laboratory. Care must also be taken to insure that all local
codes are being met as well. NEC rules and provisions
are both enforced by governmental bodies exercising
legal jurisdiction over electrical installations and used
by insurance inspectors.

Motor Protection

In addition to direct protection of the motor itself, the
NEC calls for the protection of the branch circuit and
feeder line. The intent of the code is to protect the motor,
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the motor control apparatus and the branch circuit
conductors against excessive heating due to motor
overloads or failure to start. Other protection provided
by fuses and circuit breakers is expected to guard against
fault conditions caused by short circuits or grounds
and involving over-currents exceeding locked-rotor
values of the motor.

Overload »

The effect of an overload is a rise in temperature in the
motor windings. The greater the overload, the more
quickly the temperature will increase to the point of
damaging motor insulation and lubrication. Relatively
small overloads of short duration cause little damage but,

if sustained, could be just as harmful as overloads of
greater magnitude. The operation of the protective.
device should be such that the motor is allowed to carry
harmiless overloads but is quickly removed from the line

when an overload of any length persists. Motor burnouts

are said to be the highest single cause of electrical fires.

Overcurrent Protection

The function of the overcurrent protection device is to
guard the motor branch circuit conductors, control
apparatus and the motor itself from short circuits or
grounds. The protective devices commonly used to sense
and clear overcurrent are thermal magnetic circuit
breakers and fuses.

Circuit Breakers

A circuit breaker is defined in NEMA Standards as a device
designed to open and close a circuit by non-automatic
means, and to open the circuit automatically on a
predetermined overcurrent without damage to itself
when properly applied within its rating.

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

Fuses

The basic function of a fuse is to protect against short
circuits (overcurrents). Motors draw 2 high inrush cur-
rent when starting. Single-element fuses have no way
of distinguishing between this temporary inrush current
and a damaging overload. A fuse, therefore, is not duly
suited for motor overload protection.
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Solid State

Solid-state motor starters use semi-conductor power and
trigger circuits instead of contacts. The motor is
accelerated by varying motor voltage from zero to full
voltage ona stepless ramp. Acceleration time is adjustable
up to about 10 seconds by means of a trimmer-
potentiometer in the trigger circuit. The starter is
activated by closing a remotely located switch wired to
the starter terminals. In addition to thermal overload
protection, solid-state starters provide protection against
phase loss and phase reversal.

Recently, two U.S. manufacturers introduced motor
starters with solid-state, current-sensing devices. It has
been estimated that up to 25% of all motors requiring
rewiring have been damagedbecause of single-phasing.
Contactors controlled by micro-processors in some solid-
state starters provide a communications *‘tie-in” toa con-
trol room, providing information relative to the status
of the motor.

Combination Starter

This type combines a magnetic starter with a disconnec-
ting device in one enclosure. The disconnect may be a
motor-circuit switch or 2 circuit breaker.

Reduced-Voltage Starter (“‘Soft Start’)

Insome pump applications, particularly involving larger
horsepower requirements, a ‘‘soft start’’ may be need-
ed. In addition to the demands of some applications,
power regulations may limit the current surge or voltage
fluctuation that can be imposed on the power supply
during motor starting.

Enclosures

The final step in the selection process is the determina-
tion of the proper enclosure. Controller enclosures
provide protection for operating personnel by preven-
ting accidental contact with ““live’” elements. In certain
services, the controller itself must be protected from a
variety of environmerital conditions such as explosive
gases or combustible dusts. Table 3 provides a listing
of NEMA Standard enclosures.

NEMA Standard Enclosures

Type 1 Genera! purpose
Type 2 ' Drip tight
Type 3  Dust tight, rain tight and sleet resistant

Type 3R Rain proof and sleet resistant
Type 38 Dust tight, rain tight and sleet proof

Type 4 Water tight and dust tight )

Type 4X Water tight, dust tight and corrosion resistant

Type 5 Dust tight

Type 6 Submersible

Type 7 (A. B, C or D) Hazardous locations Class 1, air

break

Type 8 (A, B, C or D) Hazardous focations Class 1, oil
- immersed

Type 9 (E, F and G) Hazardous locations Class 2

Type 12 Industrial applications, dust tight and drip tight
Type 13 Oil tight and dust tight

table 3

Diagrams and Symbols

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

Wiring and Line Diagrams

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

figure 1

All poles, terminals, coils, etc. are shown in their pro-
per position in each device. These diagrams are useful
in wiring systerns although, in following the electrical
sequence of a circuit, connections are not shown in
an easy-to-follow manner. For this reason, some rear-
rangement of the circuit elements to form a line diagram
is desirable.

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

t1 L2
Stop Stit » 0.L.

‘ )
M,-]
z13

figure 2

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



£ ainby

wbnno
PEINM WOlJUusN Y .
o o . e Aing Aaeay
= e uoung ysnd
OoN oN piepuels
e @ = uoung ysng
‘Gway Buisiy  "owa; Buisty
uQ buulaD uQ buisorn
- o ainjeiadwiay
olo o pue
=, <. ainssaid
“ssdig Sursig  CSSaud Buimiy
uQ buuaag up buison
UIAD RIS PISOID POK
om0 v
SIUIUMS
- = wan
PISOID [EY-YoY
Apewson Anewson
?
B
pasOI) Anewnon youmsg SaYoIMS
° ieoly °
=
VadQ Atteuwson
shejay
PEOUSAD
%k lewsay
aseyd
aibuig
SI0\10N
uononpuy
/-\‘/_ aben
p/\_ feaunbs
aseyd ¢

3n18-8
N33E9=O SLHON
JOpuDIS
FETY piop 3OLVDIANI
HIANY—V
- |e13URD asn4
i_ - __i- -i pajesado
‘i' I _g Anenuew
SJ0}oBIUOD
oy €
/-\.—
T adAy
29 2 pioualos
[ T
. S}oBIUOD
Aseprxnyg wew ( ° N)
i £ 4r = uadQ
' - ! ' AyewioN
Areiexmy wew (.O.N)
g F % = paso)
' s Aijewson
1aubew
wavewiag
_O: S0
youmS
pue sji0o
5:,‘;:';“ kejay

STOIIWAS NVIOVIA ONIIIMA

"PI21 S1 Ut speuorssajord Jo
$921439s 93 puewap Aews sjudwarmbar xojdwod azop

-uonrennIoyur diseq Surnnboe
JOJ 30INOS US[[I0X> Ue Ipraoid ‘[ersslew 30U2I9)a1
19410 pue syooqpuey paysqnd YIIm ‘gongm 3InIeIanng
3[QEISPISUOD JO DINOS E OSTE STE SIINIDEJNUELI [OIIUOD
JO10|y ‘syuswanbar dyads 1sow 01 ‘SUOHEdYIPOW
A ‘TIOJUOD [[IM 1SEI] AI9A 1 I JO 193w Ajfensn
M4 Yorym Jo suo ‘siupwpdueire Suuim snoldwnu
apnjout Ajredrd A1 sgorered 1oy | ‘stusuwranmbai oiyoads
10J surei3erp SUlIM pUE JUT[ [OTUOD JOIOW PIEPUELS

SurdojaAap ur uonEULIOFUL JO 301n0S [yd[oY 1ISOW B A3k
$2ANEIU2$31d21 NI PUE SIDINIDEJNUEW [OIIUOD JOION
Arewrmmg

‘surerderp Surrm pue surj Jo Surp
-UBISIopUN 13313q € 3pTaoad [ wat: yia AUerure] - ¢
21081 Ul UMOYS JJE SJOqUIAS PIsn A[UOWTOD 1SOW 3.

"JINDIID SY3 UL SIJIAIP SNOLIEA JO UONEISdO 32 MO[[0]
01 parmbar uonewzoyur sopraoid wesderp aun v 'suon
-em1s SUNOOYS-9[qNON U IO SUIDLI 0§ IO SIIASP
[onu02 jo dnoad e dn Surna AjredrsAyd 105 uoneuLIONUI
Axessaoou a1 sopraord wesSerp Sunum e ‘wI0ys up



Number 20 in a series

by Jobn H. Horwath
Chief Engineer, Ampco Pumps

Instrumentation - Introduction
Instrumentation is an outgrowth of man's desire to
effect some means of accurate, repeatable measure-

ment which can be readily applied to widely varied
tasks.

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

The development of temperature measurement
(Fahrenheit) in the 18th century, the invention of the
pressure gauge (Bourdon) along with the discovery of
electricity in the 19th century, provided the basis for
the exponential advances which have occurred in this
century. Progress in all areas, but particuiarly, in the
electronic and pneumatic fields, provided the
ingredients needed for developments in computers,
data loggers, transmitters, etc. during the last several
decades. Combining all these segments has resulted
in the emergence of a2 new engineering field known
as "Control Engineering."

While still in their infancy early in this century, gauges,
meters, thermometers, etc. containing individual read-
outs were typically employed in the processing and
power industries. Operators made periodic visual
checks of each readout. Later, processors began to
record this data, usually at specific time frames during
operating cycles, using "clip-board" recording methods
to either analyze on site or to take back to the office
for calculation and analysis. Still later, in the 1930's
and 40's, measured data was transmitted to a control
room and monitored from a central area.

Since then, two types of transmitting systems have
evolved - pneumatic and electronic. The pneumatic
system usually employs air pressure at 3-15 psig; the
electronic system requires 4-20 milliamps of direct
current. Several factors - cost, size of plant, transmis-
sion distance, response time, reliability, etc. - dictate
system choice.

Next, a strong force was required from the transmitter
output signal to the controller in order to develop
a mechanical action. The operating principles of a
controller and transmitter are similar except that higher
levels of energy are required to effect a physical
change in the processing equipment. Actually,
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input/output devices are the interface between the
controller and controlled system. Input devices con-
vert physical qualities to electrical signals while output
devices allow the controller to act on the system.

A transducer is a conversion device for translating the
changing magnitude of one kind of quantity into
corresponding changes of another kind of quantity.
The latter quantity often differs from the former
dimensionally and serves as the source of a useful
signal. The quantities represent input and output.
Transducers commonly measure pressure, tempera-
ture, light, magnetic fields, etc. Both mechanical and
solid-state devices can be found in today's systems.

The five basic variable segments of measurement in
a system by an element (transducer, gauge, thermome-
ter, etc.) are:

1. temperature

2. pressure and strain

3. flow and level

4. pH and conductivity

5. data acquisition

Temy

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

The temperature sensing element should be located
close to the point .of desired reading. When media
of different temperatures are mixed, the sensing
element must be properly positioned to obtain
a true mixed-temperature reading. If a temperature
well is employed for the sensor, clean the well and
use a heat transfer medium within the well and the
measuring instrument. Temperature sensors, readouts
and similar elements are commonly used with
a device containing relay contacts to operate an
audible alarm or-annunciator.

Pressure-Strai

This is primarily a parameter indicator which provides
immediate response to a point of operation within a
process. Pressure instruments are usually categorized
by their pressure-sensitive element and range. Most
elements in use today were initiated by the develop-
ment of the Bourdon tube which can be described as
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a code representing the measurement. All five
electrical transmission signals can be used in analog
transmission but only the pulse signal can be used for
digital transmission

General Service

In our service-oriented society, some overlapping
of service in the instrumentation field has become
evident. There is a growing demand for high-level
control engineers representing, to some degree, a
shifting of personnel from user processing companies
to engineering service firms. It's uncertain whether
this is a permanent rend. When service is beyond
a maintenance staff's capability, a service contract
alternative may be pursued to insure minimum down-
time of the processing equipment.

In this environment, brand changing is also becoming
rare. Processors are staying with one or two sources
for the improved service that a technician familiar with
the system can offer.

Preventative Maintenance

Programs involving routine inspections, cleaning,
lubrication, replacement of spare parts and safety
audits can be beneficial. A good preventative mainte-
nance program should follow of schedule of specific
times, dates or hours of operation predetermined by
previous history or dictated by equipment manufactur-

ers' specifications. Unplanned malfunctions or break-

downs must, unfortunately, also be anticipated in any
good maintenance program.

Accuracy

Accurate measurements can only be assured if the
monitoring is performed at a location in conformance
with the instrument manufacturer's instructions.
Dirt buildup or corrosion on either the element or
equipment can result in erroneous readings.

Summary

The essentials of an instrumentation system include:

1. A sensing or measuring element

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

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

4. An actuator to change the position of the final
control element as required

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

To be most effective in making compatible instrument
recommendations, control manufacturers must be
provided with complete data in three areas: (1) appli-
cation/environment, including the medium being
processed, its temperature, properties, etc., (2) accura-
cy requirements, (3) instrument reading range.

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

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

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

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

Relative to pumping applications, instrumentation can
provide:

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

2. Capability of allowing pump or system to automati-
cally respond to change: (a) pump through speed

. control, (b) system through repositioning of control

valves.

3. Ability to modify or maintain fluid temperature
(could also control viscosity).

This article concludes the Pump Primer program which
originated in 1988. If you're interested in receiving
back issues, all twenty articles are still available and
can be provided upon your request.

Address your request to:

Ampco Pumps
4424 W. Micchell st.

- Milwaukee, WI 53214







