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Serving man’s needs.

Serving man’s basic needs in
an era of dwindling resources is
no easy task, The more efficient
use of the world’s critical re-
sources requires processes of
increasing scale and complexity
which, in turn, require in-
creasingly sophisticated equip-
ment. Worthington’s challenge,
and objective, is to provide state-
of-the-art equiprnent—pumps,
compressors, and steam tur-
bines—which will help industry
operate more efficiently.

This issue of Power & Fluids
begins our coverage of steam
turbines, the third major Worth-
ington product line which is
helping industry meet man’s
basic needs.

Cover

Water. Mankind's lifeblood, as
essential as the air we breathe
and the food we eat, yet largely
untapped. Massive quantities of
this vital basic raw material are
delivered to the earth’s oceans
each year, with only a small frac-
tion diverted by man for his own
use.

Now, partially due to the spi-
raling costs of energy, this
naturally replenishable resource
is increasingly being viewed as
an economical and readily avail-
able alternate source of en-
erqy—hydroelectric power. And
one of the fastest growing seg-
ments of the hydroelectric
market is small hydropower,
where purnps running in reverse
as hydraulic turbines, as de-
picted on our cover, are gaining
industry acceptance as an alter-
native to conventional hydraulic
turbines. '

Qur feature article beginning
on page 5 discusses the advan-

w, tages of operating pumps as

turbines, explores some basic
operating principles, and dis-
cusses performance findings
based on an extensive, ongoing
Worthington testing program.
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=0 ENTRIFUGAL
PUMPS AS HYDRAULIC
TURBINES.

By A. Agostinelli and
L. Shafer

A. Agostinelli is direclor

of product planning for
Worthington. L. Shafer

is marketing manager, hydro-
paer, al Worthington’s Tan-
eytown, Maryland, operation.

In 1978 the United States
Congress passed PURPA, the
Public dtilities Regulatory Pol-
icy Act, and in doing so,
caused a dramatic upsurge in
{.S. hydropower interest. This
has indirectly, but signifi-
cantly, increased demand for
pumps run as hydraulic fur-
bines. PURPA requiires that
small producers of electricity
be allowed to hook into wtility
power lines and that the util-
ities purchase back unused
electricity at avoided cost rates
(the rates at which it cosis the
utility to produce electricity).

Increasing energy cosis
have also stimulated interest
in using available waler re-
souwrces to drive hydraulic
turbines. These applications
range from mammoth profects
harnessing the tides and flow
of major rivers and elevated
lakes to very small applica-
tions by private individuals
with a stream running across’
their property.

If the small hydropower
markel continues to expand as
rapidly as expecled, the ex-
tremely limited number of
small hydraulic turbine manu-
facturers will create a shortfall
of conventional turbine ma-
chinery. The use of pumps
running in reverse as turbines
is an excellent alternative to
conventional hydraulic
turbines and even offers many
unique advantages.

Worthington has undertaken
an extensive testing program
to further refine what is al-
ready known about the opera-
tion of pumps as hydraulic
turbines. This article discusses
some basic findings resulting
from this testing and lays the
ground for more in-depth arli-
cles in the future.

Pumps operating in reverse
as turbines yield good efficien
cies and can be run even
more efficiently by operating

multiple pumps of various
sizes rather than one large
conventional hydraulic turbine,

Other advantages which
pumps run in reverse have
over turbines are: pumps are
more readily available in many
sizes; they are several genera-
tions ahead of conventional
hydrualic turbines in cost
effectiveness; pumps are less
complex, making them easier
to install and maintain, and
simpler to operate; and pumps
are available in a broader
range of configurations than
conventional hydraulic tur-
bines—wel pit, dry pit,
horizontal, vertical, and even
submersible, to mention
a few.

Dual capability predicted.

Centrifugal pumps from
radial flow to the axial flow
geometry can be operated in
reverse and used as hydraulic
turbines. This dual capability is
not just happenstance, since
turbomachinery theory predicts
this capability, Furthermore,
because this theory is ap-
plicable, a hydraulic turbine
follows the same affinity rela-
tionships as do centrifugal
pumps., Cansequently, the per-
formance of a turbine can be
predicted accurately from one
set of operating conditions to
another, and new turbine
designs can be “factored” from
existing designs.

Qver the years Worthington
has tested many pumps as tur-
bines. From these tests it has
been observed that when a
pump operates as a turbine: its
mechanical operation is srmooth
and quiet; its peak efficiency as
a turbine is essentially the same
as its peak efficiency as a
pump; head and flow at the best
efficiency point as a turbine are
higher than they are as a pump;
and the power output of the tur-
bine at its best efficiency point
is higher than the pump input




Small hydropower projects
are on the upsurge in the 8. Figure 1. The first of these is

R :

power at its best efficiency
point.

Typical performance
characteristics.

A comparison of the
characteristics of normal
pump operation with the
characteristics of the same
purnp operated as a turbine at the
same speed is shown in Figure
1. The curves are normalized by
the values of head, flow, effi-
ciency, and power at the pump
BEP (best efficiency point). As
mentioned previously, note that
the location of the turbine BEP
is at a higher flow and head than
the pump BEP. The ratio of the
turbine capacity and head at
BEP to the pump capacity and
head at BEP has been observed
to vary with specific speed—
ratios of 1.1 to 2.2 having been
determined by test.

There are two other impor-
tant characteristics of pumps
operating as turbines shown in

1 ik G —

i’igure 1—Normalized performance characteristics for a pump
operating in the normal pump mode and in the turbine mode.

that the turbine maximum effi-
ciencies tend to occur over a
wide range of capacity. Conse-
quently, relatively wider ranges
of turbine operating head can
be accommodated without an
adverse effect upon efficiency.

Secondly, note that there is
a value of head at which the
turbine power output is zero
even though there is flow
through the unit (this point is
cailed the runaway speed).
Further reduction in head
below this value causes the
turbine to begin absorbing
power, assuming the con-
nected load is capable of pro-
viding the power. The flow cor-
responding to the head at zero
power varies from about 40 to
80 percent of the flow at tur-
bine BEP, depending upon
specific speed.

The turbine performance, or
rating curve, normally supplied
to a customer is either the one
shown in Figure 2 or 3,
whatever his preference.
Figure 2 is a plot at constant
speed with capacity as
abscissa, while Figure 3 is a
plot at constant head with
speed as abscissa. Given the
performance test in either for-
mat, the other can easily be
obtained by use of the affinity
relationships.

Runaway speed.

Note that the runaway speed
can be read directly from the
curves of Figure 3, The
runaway speed could also be
calculated using Figure 2 and
the affinity laws, i.e., by taking
the product of the value of
speed and the square root of
the ratio of the head for
which runaway needs to be
determined to the head at zero
power output.

As illustrated, the
magnitude of the runaway
speed can easily be determin.
ed for any operating condition,
nrovided its value is known for
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a given condition. This is im-
portant data because the
magnitude of the runaway
speed could affect the struc-
tural integrity of the rotating
equipment, making it
necessary to incorporate
overspeed protection in the
control system,

Cavitation,

Just as in a pump, at any
point in the machine where
the local pressure drops to the
vapor pressure of the liquid,
vapor is formed and cavitation
darmage can occur. Sufficient
outlet or backpressure must be
maintained to prevent cavita-
tion, just as adequate suction
pressure must be maintained
on a pump. The value of the
available backpressure is
TAEH (total available exhaust
head), and the value of the
backpressure required for prop-
er turbine operation is TREH
(total required exhaust head).

Design changes.

In most instances no design
changes or modification need
to be made for a pump
operating as a turbine. When a
selection is made, a design
review is required, however,
because when operating as a
turbine the rotation is reversed
and operating heads and
power output are generally
higher. Consequently, a design
review would include items
such as: checking that thread-
ed shaft components cannot
loosen; evaluating the
adequacy of the bearing
design; shaft stress analysis;
and checking the effect of
increased pressure forces. ]
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L WECIPROCATING
PROCESS
COMPRESSOR DESIGN
AND OPERATING
CHARACTERISTICS.

By Daniel J. Schiffhauer

The modern reciprocating
process compressor has
evolved lo ifs present stale
only after long years of ap-
plication experience and re-
finemenis and improvements
in manufacturing techniques,
materials of construction, and
design.

As a result, the process re-
ciprocaling compressor of to-
day is an efficient and reliable
means of compressing any
gas or mixture of gases, in-
cluding combustible, toxic, or
corrosive, for a wide variety of
process applications. These
applications include refineries
and chemical and petrocherni-
cal plants, and cover a broad
range of capacities, pressures,
and horsepower, all of which
are influenced by the process
and size of the plant.

As discussed in the last is-
sue of Power & Fluids (Volume
7/MNo. 2, “Reciprocating com-
pressor service conditions”),
the reciprocating compressor
is an extremely flexible ma-
chine, as is partially evidenced
by the fact thal ils driver can
be loaded at various pressure
conditions. This article dis-
cusses this characteristic of
the reciprocaling compressor
in more detail and discusses
other importan! design and
operaling characleristics of the
reciprocating process
COMpPressor. '

Daniel J. Schiffhauer is man-
ager of compressor sales at
Worthingtons Buffalo, New
York, operation.

Figure 1-—Horizontal opposed reciprocating compressor.

The most commonly used
reciprocating compressor is
the horizontal opposed com-
pressor (Figure 1). This com-
pressor's horizontal frame and
muitiple cylinders are par-
ticularly appreciated by pro-
cess plant designers and
operators because of several
basic characteristics.

Flexibility.

The fiexible design of the
balanced opposed compressor
lends itself to multiple-
cylinder operation either for
the same service, additional
staging, or completely in-
dependent services, all on the
same frame. At the same time,
the balanced opposed design
makes this machine easy to
operate and maintain. Such
consolidation of various ser-
vices into one machine results
in significantly reduced initial
costs.

In addition, the balanced op-
posed design is able to handle
a wide variety of gases under
varying conditions of service.
These include changes in
molecular weight, pressure

variations, and capacity
demand.

Conservative rotative and
piston speeds.

The reciprocating process
market in the near future will
rely not only on low-speed:
compressors, but also on the
ability of the balanced oppos-
ed compressor to vary piston
speed, normal range 183 to
275 m/minute (600 to 900
ft/minute), by either a change
in rotative speed or in the
stroke of the compressor,
depending upon the
application.

Reflecting the conservative
approach which is widely ac-
cepted in the industry today,
Figure 2 illustrates the rela-
tionship of rpm to horsepower.
This conservative rpm in-
creases compressor reliability
and improves valve,
piston ring, and packing life.
These factors, so important in
the avoidance of compressor
downtime, have offset what has
been a trend towards higher
speeds in reciprocating
COMPressors,




Figure 2—Today’s conservative approach to the relationship
of rpm to horsepower increases compressor reliability and
improves component life,

Excellent operating balance.

The horizontal balanced op-
posed concept has been
especially engineered to insure
minimum forces and couples.
For illustrative purposes only,
Figure 3 provides primary
force values for some typical
installations. However, in all
cases the secondary forces are
either zero or negligible.

Figure 3-—Primary force values for some typical installations.

Of particular interest is the
6000-hp, 4-cylinder unit where
extremely low forces were re-
quired due to poor soil condi-
tions at the job site, In this in-
stance, proper operating
balance was provided by utiliz-
ing techniques such as
crankshaft counterweighting,
balancing reciprocating weights
and crankshaft configuration,
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Coast hydrogen production facility.

Flexibility of driver.

Another important
characteristic of the balanced
opposed reciprocating com-
pressor is its adaptability to
various types of drivers,
with synchroneous and induc-
tion motors being the two
most often used. The efficien-
cy of synchronous motors as
compared to induction motors
is a key consideration when
deciding which to use, This
efficiency comparison is
illustrated in Figure 4.

The turbine/gear alternative
represents a more complex
systern, but this is an extreme-
ly practical approach when
steam is readily available as a
source of inexpensive power.

Horizontal cylinders.

Horizontal cylinders allow
top suction on the cylinder
with a downward flow of gas in
and out. This is particularly
desirable for wet-gas service.

One of two 12,000-hp, 10-cylinder moter-driven hydrogen compressors currently operating in a Gulf

Additionally, horizontal
cylinders provide for ease of
routine inspection and
necessary maintenance. The
crosshead guide, intermediate
housing, and cylinder are
assernbled prior to shipment,
optically aligned, fitted to the
frame for bar over tast, and
then shipped to the job site,
allowing for easy assembly
during final installation,

Sound levels,

In anticipation of the grow-
ing concern over noise pollu-
tion, manufacturers have
been conducting field tests at
installations covering a wide
range of horsepower and rpm.

In most cases, reciprocating
compressors will meet
present-day sound level
requiremnents, However, if
requirements become more
stringent, additional sound at-
tenuation can be obtained
through special treatment of
the motors and acoustical




Figure 4 — Synchronous

Figure 5—Typical recriprocating compressor efficiency values
for hydrogen over a range of pressure conditions.

vs. induction motor efficiency.
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treatment of the gas piping.
External acoustic panels at
critical noise sources may also
be employed.

Efficiency.

One of the most important
characteristics of the
reciprocating process com-
pressor is its efficiency. The
efficiency advantage which ex-
ists at full load over other
types of compressors is even
greater at part load. Addi-
tionally, unlike some other
types of compressors, there is
little or no change in efficiency
with variations in process con-
ditions such as molecular
weight or pressure conditions,

Figure 5 illustrates typical val-
ues experienced over a range of
pressure conditions for compres-
sion efficiency, a function of
valve losses, and mechanical
efficiency, a function of friction
losses in the frame and cylinder.
The product of the mechanical
and compression efficiency, the
overall efficiency, is also shown.

The compressor brake
horsepower is the theoretical
isentropic horsepower divided
by this overall efficiency. The
resurgence of the reciprocating
compressor can be tied, to a
large degree, to this efficiency
curve, For example, centrifugal
compressor efficiency ranges
frorn 70-80%, and can be con-
siderably below this at other than
the specific design point. [J
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FFECT OF NOZZLE
LOADS ON PROCESS
PUMPS.

By John H. Doolin

A long-standing problem for
both plant designers and
pump manufacturers has been
the effect of nozzie loads on
process pumps. Loads or
forces on pump nozzles result
from expansion in connecting
pipes and are unavoidable due
to large changes in tempera-
lures as a process system is
brought up to operating tem-
perature, On the other hand, a
high-temperature process
pump is a good example of
precision machinery with
close-running clearances, deli-
cale mechanical seals, and
precision ball bearings—and
is not-intended to be a pipe
anchor.

Although this problem has
not changed over the years,
plant designers have learned
maore aboult prediction and
control of pipe expansion and
have done much to minimize
expansion forces. In addition,
pump manufactirers have
learned more about the ca-
pability of pumps to operate
with large nozzle loads. It is
now possible to quantify the
magnitude of pipe forces, and
the armount of such forces the
pump can carry, so that
serious problemns can be
avoided. This article, which
appeared in Hydrocarbon Proc-
essing, discusses some of the
factors relating to the effect of
nozzle loads on process
pumps.

John H. Doolin is manager of
engineering at Worthingtonks
Harrison, New Jersey,
operation,

The Hydraulic Institute, an
association of UL.S. pump
manufacturers, appointed a
comrmittee to study the prob-
lem of nozzle load effects on
process pumps and make
recommendations, The com.
mittee reported that there are
four factors to be considered
in determining the effect of
nozzle loads: material stress in
pump nozzles due to forces
and bending moments; distor.
tion of internal moving parts
affecting clearances in preci-
sion parts; stresses in pump
hold-down bolts: and distor-
tion in pump supports and
baseplate resulting in driver
coupling misalignment.

Stress in pump nozzles,

These stresses should be
calculated as the combined
stress resulting from external
forces and bending moments
from piping, plus the influence
of internal fluid pressures. A
report to the committee by A.
T. Ganzon offered the follow-
ing solution to the determina-
tion of stress levels,

The discharge nozzle was
assumed to be the weakest
portion of the casing under
pipe loads. Furthermore, the
throat area was considered to
be the weakest section of the
nozzle section, These assump-
tions must be verified by
actual tests,

If we take a small elemen-
tary cube cut of the section of
the nozzle in question, we will
find three main stresses acting
on it (Figure 1). In general,
these stresses will come about
from the following loads:

o, (normal}—longitudinal
due to pressure, pipe forces,
and moments

o, (normal)—hoop forces

; (normal)—internal
pressure (only present in thick-
walled vessels)

v, (shear)—torsion about
nozzle axis

Figure 2—Forces and moments acting




g on a cube section,

a nozzle section.

Analysis involving triaxial
stresses is complicated, and
the improved accuracy of the
results is hardly worth con-
siderable effort. The levels of
external forces and moments
involved indicate that o, can be
conveniently disregarded,
since its magnitude is quite
small, thus eliminating one of
the normal stresses. Another
stress that can be disregarded,
though not listed in the report,
is the longitudinal shear aris-
ing from an external force.
Under these assumptions, suf-
ficiently accurate analysis only
involves two normal
stresses—biaxial.

Using the maxirmum prin-
cipal stress theory for failure
analysis, we arrive at the
following formulas listed below.

These are also based on cer-
tain assumptions: there is no dis-
continuity effect where the volute
joins with the nozzle; the
strength of the nozzle is constant
for all directions on the X-Z
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nlane; the weakest point of the
nozzle is at the throat; and o, 15
disregarded. Axis convention will
be as shown in Figure 2.

Distortion of internal moving
parts.

Under ideal conditions, the
rotor of a centrifugal pump
operates so that only forces
imposed by the liquid end are
supported by the shaft and
bearings. These forces are:
radial hydraulic forces on the
impeller, often referred to as
radial reaction; axial hydraulic
forces on the impeller; thrust
on the shaft equal to suction
gage pressure times shaft area
in the stuffing box; and torque
required to drive the impeller.

These forces are readily
determined by pump
designers, and shafts and bear-
ings are properly sized accord-
ingly. However, external
forces imposed on nozzles can
add to this load.

Nozzles loads can cause suf-
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Figure 3-—Forces and moments acting on a pump,

Figure 4 —Resultant forces and moments at the pump
centerline,

ficient bending in the bearing
housing to produce misalign-
ment between the bores for
the bearing outer race. Resul-
tant loads are imposed on the
bearings. In addition, wearing
ring bores can be distorted,
and alignment between
mechanical seal parts can be
disturbed. There is no simple
determination of the relation-
ship between these loads and
the point where distortion
becomes significant. This can
best be determined by ex-
perience or laboratory tests.

Stresses in pump hold-down
bolts.

The strength of bolts which
attach the pump casing to the
baseplate or support must be
considered also, However,
before this can be done,
separate forces on suction and
discharge nozzles must be
resolved into a single set of
resultant forces and moments
at the pump centerline. Figure
3 shows the separate forces
and moments acting on the
pump. These are resolved into
resultants at the pump

centerline as shown in Figure 4:

Fx = Ft.s + FrD
Fy=Fyv+ Fp
F.=F_,+ Fp

M= M, + Mg + FpY) = Fo(2)
M.l.' = Mus * MyD - Fzs(x) + FxD(Z)
Mzm Mzs + ,\'1.?.1.') + Fi,s‘(‘x) - F\D(Y)

Stress due 1o forces is readi-
ly determined as 5 = F/A.
Assuming these bolts are ver-
tical, total vertical force F will
cause a tensile stress )

Sp = f"_t,,//"\H
where A, = area of bolts =
number of boits times thread
root area.

The horizontal forces, F, and
F,, can be combined to cause
a shear stress in the bolts. This
is represented by the formula:

Sy = (F. + F2)%/A,.

pe




Moments from connecting
pipes also add to bolt stresses.
The moment about the X axis,
M., must be counterbalanced
by the moment from the bolt
force times the distance be-
tween them. Where Fy = total
force on bolts and L = distance
betiween casing support bolls
on Z axis:

M, = Fil
Bolt stress,
'Sr = Fl.‘-/Aii =
ML
(no. bolts) times root area
2

M, = FuL

Bolt stress,
S, = Fu/A, =

M, /L

(no. bolts) times root area
2

M, is counterbalanced by the
rear support at the coupling and
is assumed to have no effect on
bolt strength.

Combining the effect of forces
and moments, assuming a total
of four hold-down bolts, and
where A, = root area of boit
threads:

Tensile stress,

S, = i N M./
4A, 2A.
Shear stress,
Sy = (F + F7)"” + M/L
4A,

Figure 5-—Worthington test results on a 6x4x10 pump,
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Coupling misalignment.

Like the effect on the inter-
nal distortion of the pump, the
effect of nozzle loads on coup-
ling misalignment is best deter-
mined experimentally. One
such test was run and reported
in an article titled “Allowable
pump piping loads" in the
June, 1972, issue of Hydrocar-
bon Processing. The specific
test data presented was not
clearly defined. However, ac-
cording to the author, the noz-
zle loads specified in API-610
fifth edition are reasonable
and can be withstood by a pro-
cess pump with no more than
0.010 of an inch coupling
misalignment,

The API-610 sixth edition
allowable moments for a 6x4
pump are:

M, = 2,680 it Ib,;
M, = 2,040 ft. Ib,; and
M, = 1370 ft. b,

'z

Worthington conducied experi-
mental tests on a 6x4x10 pump.
The results of these tests are
shown in Figure 5.

Although all of these
numbers are well within the
0.005 allowable, the effects of
M, are most serious. To meet
the API limit, a direct restraint
at the coupling is necessary.
The moment M, and M, can be
restrained by the casing alone.
This secondary support at the
coupling causes internal
distortion on pump parts and
should be avoided.

In conclusion, be sure to use
the guidelines suggested in
API-610 for limiting the
magnitude of nozzle loads on
pumps. Also, whenever possi-
ble, design pipe systems and
supports so that the value of
M, is minimized. O
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ENSTALLATION,
OPERATION, AND
MAINTENANCE

OF COMPRESSORS,
PUMPS, AND
TURBINES.

As mank industrial pro-
cesses grow in complexily, so
do the tasks thal face plant
operalors and maintenance
personnel. In fact, they are
faced with a dual problem. On
one hand, this growth in com-
plexity results in the use of
more and more sophisticated
equipment and in grealer in-
teraction between the different
componenls of a plant. On the
other hand, the reliability and
uninterrupted service of each
piece of equipment becomes
more and more vital to the
conlinued service and produc-
tivity of the entire plant. And,
as plant complexity increases,
s0 do downtime costs.

Little vonder, therefore, that
so much emphasis is being
placed on the proper preven-
tive and correclive mainte-
nance of plant equipment.
Accordingly, this article ad-
dresses itself to the subfect of
the proper installation, opera-
tion, and maintenance of plani
mechanical equipment—
pumps, compressors, and
steam turbines.

Proper maintenance does not
start with repairs or replacement
of worn parts, but right at the
time of equipment selection. Op-
erating demands to be placed
on the equipment over its pro-
jected life must be adequately
anticipated, and the equipment
must be properly designed for
the systern in which it must
operate.

If proper selection is impor-
tant, so is adequate installation.

Most of us—be we manufac-
turers or plant operators—have
too often seen the best possible
equipment fail prematurely be-
cause some fundamental pre-
cautions were heglected at the
time it was installed.

And finally, good maintenance
depends on good operation. All
the efforts on the part of a main-
tenance department can be
wasted if there is no equal effort
on the part of production per-
sonnel to operate the equipment
as it was designed to be
operated.

Similar maintenance rules,

It is remarkable how little dif-
ference there is between the
rules that should be followed for
the proper maintenance of such
different pieces of mechanical
equipment as a centrifugal
pump, a power or steam purmp,
a stearn turbine, a compressor,
of even an engine, it is obvioushy
true that each one of these ma-

Table I-Selectmn

" Check into requlred capac:lt]es

Analyze dlscharge cond;t:ons

_ _-._Adwse the manufacturer of the exact nature_ '
-and ‘characteristics of the hquld/gaﬁ to. be e
;-handled mcludmg temperature range

; chec:k reqmred power. arid speed for turbmes
. Analyze suctlcm oF; mlet condltlons '

Tabie l[*lnstallatlon o

'.Install equment in: llght dry aned clean o o
+“locations whenever possible. e

w _.'F'"oundatlons should be ngtd
Bed plate should be: gmuted

ey Eqmpment and driver ahgnment must be
e checked under Operatmg condltlons

: cantmuous or; mtermlttem

Determinie what type of power is best sunted
: for the dnve :

: _limltatlons mvolved

- Advise any slgmﬁcant effer:t of locatlon of
~installation {elevation above sea level,

: g&ographlcal locatlon and xmmedlate sur
: roundmgs) S

Be sure that sufflc:lent spare o standby_ _____
- equ;pment is avallable : '

_Keep suff:c:ent spare parts on hand

Adwse the manufacturer whether 5erv1ce 1s o

k Plpmg should not lmpﬂse excesswe strams R
SN equlpment o :

Use as chrec:t plpmg as pOSSIbEe espemally :
‘atinlet: - _ ;

: ':;Prowde vent valve& at hlgh pomts for pumps

drain connections for pumps, compressors

“and turbines. -

- Provide warm-up and by paas connectmns for N
- wCentrifugal pumps, rehef valves for positive
~digplacement pumps compressors and
'jturblnes : ERREpO S

= Prowde a suitabie source of coolmg water &

: -]nstall suitable’ gages flowmeters and
o thermometers T
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chines requires a different set of purpose of providing as com-
diagnostic instructions to deter- plete a guide as possible to the
mine why it may not be perform-  preventive and corrective mainte-
ing as intended. But when it nance of pumps, compressors,
comes to preventive mainte- and steam turbines, we have ap-
nance rather than troubleshoot- pended Check Charts V through
ing, it would seem that all these VIl which are useful in locating
different machines are equal be- the source of trouble in this

fore the “Great Engineer” machinery.

As stated earlier, these funda- Experience shows that any
mental rules can be broken equipment fares considerably
down very readily into four sepa-  better if its operator has con-
rate areas: selection of the fidence in this equipment, and if
equipment, installation, opera- the operator has a clear under-
tion, and maintenance. And to standing of how it is made, why
underline the equal importance it is made as it is, and what
of these four areas, a total of 40 constitutes its proper installation,
basic rules breaks down equally proper operation, and proper
into ten rules for each of the maintenance.[ ]
areas. These four groups of
rules are presented in Tables |
through V.

Different diagnostic techniques.

There are differences in the
diagnostic techniques to be ap-
plied to these three different
pieces of equipment. For the

Table lV Repazr and Mamtenance

':Ta “!e Ilfw()peratmn

._.'Obsarve instruction book ste rtiup and shut 'Dont open equlpment for general mspec

“ . down pr@ced__ :

'Operate equlpment w:thm range :of flows
- pressures afid temperatures 5p i
..;."manufacturer_ :

Do not throttle suction to reduz:e pump
: :capamty, throitie: mlet to vary speed and
G _pcwer fc}r turblﬂe*“ s :

A pump handles llqmds

"keep alr out a

“compressor handles gases——keep water out-.'_j:-

~.For turbmes avond wet steam ‘conditions.

E ...."'Do not. use excesswe luhnc nt_ er excesswe' L

L fcoohng water

_.:_."ﬂvmd 5hock5 from s;udden temperature i

T :'.Run 'spare equ;pm_ent-. ccaslonally to check'

- lits: avallablhty

et 1 up sch duled seml nnual

- tion: unless dlagnosls indicates the n&ed

Great care is. reqmred in dlsmantlmg equnp _
o ment follow mstructlcm book prc&cedures

: Spema] care is needed in exammatlon and
. recondmomng of metal-to-metal fits.

- Clean internal surfac:es thomughly arrd
b repamt where indicated.

. (_lse new gaskets for cmmplete overhaul

© Exarmiine parts for corrosmn erosnon and
_Other damage DYl nehan M I Lh

. Check concentnmty of parts ;

o Restore areas sub;ect to pac:kmg wear to -
. proper service condition. - . '

T Exermse great care m mountmg anti
i friction bearings or in restonng jaumal
o bearmg surfaces. = o .

g Keep a complete recmrd of mspectmns a
repalrs EE R

nd annual 2y
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- ‘Insufficient
S pressure:

. ‘Compressor |
._...:-cggrhgats_.-:_:_ _Worn plston nngs

- Symptoms

Chart VI

Possibie causes

: “Failure-to. =
dgiiv;rz-ai;-* :

":"_Worn or. bmken valve stnp,_; iR
: ___loose valves SRS P

i’ Defectwe capacnty control e

"Restnc:ted SUCtEDn tme
"D;rty alr ﬁlter '

. Insufficient
- capatity
3 --'Wom or broken valve stnp

i _}c*xase valves --
Defectwe un}oaders :
_"'._:Excesswe system leakage o
* Incorrect speed S
: _::Worn piston nngs i

Restr;cted suction lme
Dlrty azr fllter T

”'_:._Defectwe capac:ty contml

: -._Excesswe system leakage el

- Worrn or. broken valve stnp,.
loase vaives ' :

..”Defec:twe unloaders -

g Speed mcorre(:t

;..Worn plston rmgs

_compressm capacaty

Defect:ve capac;ty control

System demand exceeds_ £

'Z.:Defectlve capamty control S

- Inadequate cooling water i
_ ' ._quantlty SRR SRR
- "._Excesswe cooimg water Sy
: temperature R

lncorrec:t speed

. Excessive d;scharge

pressire.

. Inadequate runmng gear S
'-lubrlcatlon R e

“Intercooler”

. pressure.

 /below ¢

normal o (R

BRI R --Wom pistﬁﬂ nngs SR
Defectwe capac;ty control

“Worn o bmken valve strip,
5 '-loose va]ves ' :

Defectwe unloaders

Wéter-’(iooled Compresso_

o ﬁlscﬁafgé
Dosoar tempera- :

sl Motor fmls
i -to start

Symptoms

Compress_or Worn ‘or bmk’“_ J
knocks loose_ valves

Excesslve bearmg
clearances

Defecttve unloaders

Def 'crtlve capa ity control

ture hlgh P
lnadequ e cooimg wate_

'Excesszve coohng water
o 'temperature WA

i _:"'E‘_xcesswe d:scharge
oL pressure. '

: ; ':"Dlrty mtﬂrc:oale:'
*-Dlrty c:y!mder ja{:kets

"-Defectwe unlcaders

:Defecnve capac}ty -(:ontm 3
Incorrect eiecmca{ :
_;_charartenstics

" Motor too. gmall.

i 'Voltage abnmrmally iow

Mot
____nverheats

£ Speed mcorrect

___Defectwe capacnty ccntmi

- Excessive dlscharge S
: =;pressure_

.:*_-Inadequate running gea
: 1lubr1catlon :

Incorrect electncaf
-..ch_ara;cter__l_stjcs_




Sympmms

Chart Vil o

Smg!e Stage Steam Turbane Troubles o

Pdss’ib'le 'céiuSeS- : i

Lack of

power

""._._”Hand nozzle valves open o

-.lnsufflmently : B
__“"-:LDc!d is greater than tur~ : R
~bine ratmg i

.Steam pressure at the Sl
throttle is low, or the. ex"__"'-.- FREER:

o rhaust pressure Is hlgh

Some nozzies plqued S

'Steam strmner is

obstructed. .

' ‘Excessive .

Csteam

 consump:
Stion S

Loaci greater than reahzecl
 Too many hand. nozzle

valves open; steaim. prewure

. Flow, or exhaust pressure RIS
'“._'toc:) high, - : R

- Stearn is wet or the super— S

g ."'__.'heat low

. Worn or damaged nozzles- e
and blades L 3

- Vibration

:: : .Unbaianr:e !
s Rubbmg

s _:Sprung shaft

Glands fi tted too trghtly

' Excessive
‘gland

Badly: worn or broken c:ar—‘_.::'-- &
. bon: Tings. . :

Leak off lme not freely

open o i |
"‘Excesswe back pressure R

:'..._.LOW steam temperature

Mrsahgnment wrth drwen E
cshaft,

"Symptoms

Possrble causes

L "__:Beanng,
/. -heating and
-_wear

__M;sahgnment

Unbalance

3 .-.'Thrust from dnven shaft

- transrnitted thrr:)ugh
: _"couplmg -

2 Rough or untrue thrust
o collars, - :

: Heavy siugs of water in the: o

: stream

' Enadequate Eubricant

_”--.(.Imts RNy
" do riot:stay
in. ai_l_gnment

‘ Extessive; strea‘m plpe
_stresr-;e& o

Turbine casmg supportmg FAE
* ‘members are. hot due ’oo

o poor insulation,

__'Feundatlons of driver and S
* driven machirig move '

. '___'..Oveffander
o 1esponsive
5 tnp valves

'Improper adjustment or il
“poor-condition of tnppmg el
mechamsm sprrngs, or: '

- latches .

s '__Excesssve Frlctmn in trrp S

" valve. spmdle packing; sc:ah SR
- ing, -wear, 'or mechanical: = ¢
B damages in trip: valw& or 1ts S
; supports B
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