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INTRODUCTION

PURPOSE OF THIS GUID

The intent of this manual is to guide the engineering professional through a typical design of a Jensen Engineered
Systems (JES) packaged lift station. These are the same steps and procedures followethbineers when we

are designing a submersible lift station. JES can always provide you with a project specifig ftesigi charge.

Simply contact one of our design professionals toll free at (855%6868. For those who would like insight into

our basis of design, or want to be more hands on in the design process, we hope this manual is of help.

OVERVIEW OF A TYPICAL JES SUBMERSIBLE LIFT STATION

WET WELL

VALVE VAULT

PUMP—_

WET WELL

Figurel

A typical submersible lift station by JES includes a wet well, dual submersible pumps, valves and an electronic
pump control system. In smaller stations, the valves will often be installed in the wet well to save infrastructure
costs. On larger systemsjstrecommended that a separate valve vault be specified to provide easy access in the
event maintenance is necessary.

DESIGN PROCESS

The typical design process starts with understanding what type of water needs to be pumped, and the volume of
that water.Most JES submersible lift station applications are intended for either stormwater or wastewater. This is
an important step, not only because of the obvious differences between the fluids, but also because of some not
so obvious implications whichill be discused later.
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Determiring the volume of the fluid can be as simple as identifying the fixture unit count in a residential home, or
as complicated as preparing a detailed hydrology report for-acs@ commercial site. The intent of this manual is
not to detail these very broad subjects, but to point out the necessity of properly determining flowrates, as well as
provide a good understanding of the occurrence of those flows and how they relate to a pump station.

Site Finalize Design

Pump Selection

eDetermine Flows eCalculate System eSize Infrastructure

eCalculate Head
Losses

Curve

eMatch System and
Pump Curves

eSelect Pump

eDetermine
Electrical System
Controls

eSelect Accessories

Figure2

The next steps in design are site considerations. How far does the lift station need to pump? How high does the
liquid need to rise? These questions, when coupled with the flowrate, are eventually going to determine the size of
pump the system will requireAdditional site considerations, such as whether or not the lift station is located in a
roadway, will play into various other design criteria. The better the understanding of the site, the easier the lift
station will be to design.

Once flow has been dermined and site considerations have been taken into account, the system curve can be
developed. The system curve is matched with various pump curves in an iterative process to determine which
pump will best match the demands of the project. Once the pusmgelected, all the additional components, such
as the wet well, valve vault, valve and pipes, control system, etc., can be sized.

www.JensenEngineeredSystentn 4
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BASIC PUMP SELECTION

THE SYSTEM CURVE

The most important part of any pump selection is first determining the systéve. This meansat the very least
the flowrate and head that will be required of the pumpuist be identified Often this isthe first mistakemadein
the selection process.

In many potable water booster stations, the flowrate is determined by a dowast demandIn a typical JES
application, the purpose of the lift station is to simply move water from one location to anofiherefore, the

flow is typically governed by the inflow to the station, and not an outflow dem@nmte the flowrate into the

gtation is found, the amount of head required by the pump can be determined by calculating the system losses in
the piping network. Rule of thumb estimates and outright guesses of the friction losses will lead to poorly sized
equipment that will have a poagfficiencyandreliability.

Calculation of the system losses at several different flowrates will yield a system curve. System curves represent a
loss of energy in systems with a variatiorthie flowrate. Or, stated differently, the amount of energy thermpp
must generatdo operate at a given flowrateSystem losses come in two forms that are outlined below.

STATIC LOSSES

Staticlosses are due to differences in either elevation or pressure between the inlet and the disdhasgme
booster pump systemshe discharge could be in a pressurized holding t&dtank pressurenust be takerinto
considerationduring designin a typical JES lift statiptihe force main discharges to gravity in either a manhole or
other holding structure.

(T L T A}
-
1

0__{[|—»

GRAVITY SEWER
MANHOLE

CONDITION 'A’

[

PUMPS ON

CONDITION 'B'

PUMPS OFF

WET WELL

Figure3

In figure 3, the static head (in Feet) is the difference between the discharge elevation of the force main and the

g GSNJ §t S@St 2F (GKS ¢6SG ¢Sttt LG Aa AYLRNIFYyG G2 y2dS G
the pumpsare in the off position, the water level in the wet well rises. When the water level reaches a pre

determined storage elevation, the pumps turn on and the surface elevation draws down until it reaches the pumps
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off position.Determining these elevationwill be addressed latebut for now it is important to understand that
the static head is not a fixed valueut rather a floating value dependent upon the water surface elevation in the
wet well. Many designers consider the system curve to be a fixed addamging representation of the pumping
system. Howevehecause the system curve is based upon the static head, which is a fluctuating variable, the
system curve itself can fluctuat&€herefore, the system curve is not a single pointgkts a range bcurves. This
will become more apparenvhen developing system curvés discussethter in this manual.

FRICTION LOSSES

The second part of loss@sthe pumping systerare the dynamic losses. Dynamic losses are dependent upon the
flowrate through the system and primarily attributed to the system friction. This includes friction of the liquid
flowing through the pipe and fittings, as well as the friction internal to the fluid itself. The friction begins at the
level of the total static headnd increases with flowrate.

The subject of friction losses in a piping network is vast and conipkample: irdesigring a water booster station
for a residential neighborhood, a detailed pipe analysis of the network, including its physical chariastarist
flow demandswould be necessaryRather than delve deeper is determining these losses in this manual, the
following discussion assumes a very simple, single force main, gravity discharge lift Statiprojects requiring
more complicated distbution system contactJensen Engineered Systerée utilize advanced computer
modeling software to detathe piping network.

There are many different methods for determining friction losses in a pipe. These include Thé\Résbgach
Equation, along ith the Hazen Williams Equation. We will be using the Hazen Williams Equation because of its
relative ease for a simple force main. There are some limitations to the Hazen Williams Equation which will be
discussedTo explore this subject in further detaibr learn more about other methods, there are some very good
current publicationsPumping Station Design (Revised Third Edibgn)ones, Sanks, Tchobanoglous, and
Bosserman, published by Butterworttheinemannjs thought by many to be the most-gtepth resource for pump
station design. Another publication worth reviewingHgdrology and Hydraulic Systems (Second EdhipQupta,
published by Waveland Press, Inc.

There are some advantages of using the Hazen Williams Equation. Not only is it simpéesytol use, its use is

also required by many regulatory agenci@se Hazen WilliamEquation is somewhat constraining becatisere

must be turbulent flow within the pipeand the fluid type must be water that is,atr near, room temperature.
Additiondly, the fluid velocity must be between 3 to 9 ft/sec. This last constraint actually lends itself quite well to
wastewater lift design because if the wastewater velocity is below 3 ft/sec., there will not be enough energy to
scour the pipe of solids. Comgely, water flowing above 9 ft/sec. can scour the pipe material and damage the
force main. The final constrdiis that the HazetWilliams Equation should not be used on force mains larger than
cné AY RAIFYSGESN®D

www.JensenEngineeredSystentn 6
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éHAZEN WILLIAM EQUAN

The base form of th Hazen WillianEquationis as follows:

v = 1,318CRUE2 5034
Equationl
v = velocity (ft/sec)
C = Hazen Williams friction coefficient
R = hydraulic radius (feet)
S = headloss (feet/foot)

HAZEN WILLIAM DESIGN COEFFICIEN
PIPE MATERIAL | Guater | GuastEwATER
DI¢ unlined 80-120 80-110
Diccement lined | 100140 | 100130
Steel¢ unlined 110130 | 110130
Steel¢ cement lined| 120145 | 120140
PVC 135150 | 130145

CPP 130140 | 120130

Tablel - Source: Hydraulic Desigdandbook by Mays

The conventional form of the equation has beerareanged as follows:

hy = (L)10.5 (g) = p-487

Equation2

hs = headloss due to friction (feet/feet)

L = Force main length (ft)
Q = flow (gpm)
D = pipe diameter (in)

www.JensenEngineeredSystentn 7
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 MINORLOSSES

As discussedarlier, when water flows through a straight pipe there are energy losses due to the internal friction

of the fluid, as well as the friction between the water and the pipe wall. Additional energy losses are encountered

as the fluid passs through bends, constrictions, valves, etc. These are referred to as minor losses. The two typical
methods of calculating minor losses are K value estimates, and the equivalent length. In this example, the K value
estimate methods usedwhich assigns @fficients to various fittings and valves. The following values can be used

G2 SadAYIGS YAy2NI t2aaSad ¢KSasS ol ftdzSa akKz2dzZ R 6S OSNAT,

Entrance| Bellmouth 0.005

Rounded 0.25 Ball 0.04

SharpEdged| 0.5 Check | Ball 0.91.7

Projecting 0.8 Valves | Rubber flapper (v f/s) 2.0

Exits 1.0 Rubber flapper (v > ft/s) | 1.1

90° Bend 0.25 Swing 0.62.2
45° Bend 0.18 Gate | Double Disc 0.1.0.2
Tee, line flow 0.30 Resilient seat 0.3
Tee, branch flow 0.75 Knife | Metal seat 0.2
Cross, line flow 0.50 Gate Resilient seat 0.3
Cross, branch flow 0.75 Eccentric| Rectangular (80%) openin] 1.0
Wye, 45 0.50 Plug Full bore opening 0.5

Table2 ¢ K Values, Source: Pumping Station Design

To calculate the headloss due to minor losses, the following equation can be used:

Pl

h, =LK

Equation3
h,. = Minor headloss (ft)
K = K coefficient (unitless)

Flow (cf /5)

Cross sectional area of pipe (5f)

v = velocity of fluid in pipe (ftfs) =

g = grovity = 32.2 ftfs

www.JensenEngineeredSystentn 8
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TOTAL DYNAMIC HEAD

The total dynamic head (TDH) of a submersible lift stad@ssentially the total energy loss experienced by the
fluid between the pump and the outlet of the station. Another way to think of TDH is the head the pump must
overcome to move the fluid to its destination. Consider the following example:

] | s 1 ‘:*' e | GRAVITY‘”S'EWER E
== @ é"’“’"_}:_ g MANHOLE ﬁ

WET WELL

Figure4

The TDH which the pump must overcome is the summation of the elevation head, headloss due to friction, and the
minor headlosses.

TDH = AH + by + by,
Equation4

TDH = Total Dynamic Head (ft)
AH = Static head = elev, —elev, (ft)

Plugging equations 2 and 3 into equatioreéults in

1.85

TDH = AH + (1)10.5 (Q] Dy v L
C 2g
Equation5

Equation 5 demonstrates that the only variable which is not constant in a submersible lift station system is the
flow. By calculating multiple TDH values based on incrementing flow values, and plotting these om af grapl
(ft) vs flow (gpm), the system curve is determined. This is demonstrated in the following example:

www.JensenEngineeredSystentn 9
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Examplel:

A submersible lift station is needed for a wastewater application. The gravity sewer maahahéchthe

fAFO adlFdAz2y Aada RAAOKINBAY3a Aa £20F0SR mmMnQ gl & FN
G§KS RA&AOKINBS A& HpnodonQd ¢KS FAYAAKSR 3INIRS |4 GKS
Ad G Hnnon Q&L ES21dzX¥BIQA 02 PAQSE I YR (KS SR LldzYLl 2y
gAtt 0SS aOKSRdzZ S yn tzx/ | yR pberdileavindtheavét wéllya cliedkl Y S G S N
valve, a plug valve, and two 4Bbends in the force main.

Solution:

1 Beginby identifying all of the minor loss coefficients and summing those. Refer to Table 2 for the
coefficient values.

Minor Loss | K | # Fittings| Sum K
Entrance 0.25 1 0.25
90 Elbow | 0.25 1 0.25
Check Valvg 2.2 1 2.2
Plug Valve 1 1 1.0
45 deg 0.18 2 0.36
Exit 1 1 1.0
SK=| 5.1

1 By referring to Table 1, a Haz®villiams Equation coefficient (C value) of 1B% can be
identified. The lower limit of 135 determines the first curve.
1 To determine the static head, the maximum elevation difference the puiti;meed to
overcome must be identified. This will be when the water surface elevation in the wet well is at
Alda t26Saids 2N 2dzald 020S LizvLlQa 2FF St S@lLiAzyo
Therefore:

nH = discharge elevatiappumps offSf S @ (i A 2¢yi ot D@ Bn@n dn Q

1 The fnal step before calculating the actual curve is to determine the cross sectional area of the
pipe in fE. Thiswill be usedo determine the velocity at each given flow.
C2NJ I 0é BAlF® WALISE GKS ! NBE I' nonp
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1 The system curve can now be calculated. The easiest way to do this is by using a spreadsheet
with increasing flowrates, starting at zero, which will yield their associated TDH values.

Flow | Flow | Area | Velocity [ K | hy C [ FMLength| hi [ n 1| TDH
gpm | cfs | (sf) fps ft ft ft | ft ft
0 0 | 0.05 0 511 0 | 135 110 0| 14| 14
20 [ 0.04 | 0.05 0.9 5.110.07 135 110 0.2 14 | 14.2
40 | 0.09 | 0.05 1.8 5.1]0.26| 135 110 0.6 14 | 14.8
60 [ 0.13| 0.05 2.7 5.110.59( 135 110 12| 14| 15.8
80 | 0.18 | 0.05 3.6 5.111.05( 135 110 2114|171
100 | 0.22 | 0.05 4.5 5.111.63( 135 110 3.1| 14| 18.8
120 | 0.27 | 0.05 5.4 5.1]2.35| 135 110 4.41 14 | 20.8
140 | 0.31| 0.05 6.4 5.1] 3.2 | 135 110 59| 14 | 23.1
160 | 0.36 | 0.05 7.3 5.114.18( 135 110 75| 14 | 25.7

1 The system curve can be seen by plotting the total dynamic head in feet \thestisw in
gallons per minute.

30.0

25.0 —— ==System Curve
z/
20.0 /

10.0

yensenla[=_
ENGINEERED ‘g’.
SYSTEMS
0.0 + T T T T T T T T 1
0 20 40 60 80 100 120 140 160 180

Flow (gpm)
Figure5

1 Itis important to think of the system curve as a general area where the system curve could
potentially lie. For exampjé¢he C value for a brand new pipe versus that of ayearold pipe
with corrosion and debris build up could be very different. Also, static head fluctuates through
the pump cycle and will shift the system curve up as the water level in the wet well is drawn

www.JensenEngineeredSystentn 11
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HOW PUMPS WORK

VOVERVIEW OF A SUBNMHRE PUMP

Figure7 - Courtesy of HOMA Pumps

POWER ENTR
GLAND

STATO
&~ MOTOR ASSEMBLY

SHAF

MOTOR BEARIN

MECHANICAL SEALS

VOLUTE WEAR RING IMPELLAR
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BASIC IMPELLER THEOR

The Impeller is the heart of the pump and the only part that adds energy to the liquid. Simply put, energy is added
by accelerating the liquid from the smaller radius at the impeller inlet lerger radius at the impeller exit. The
amount of energy inpuinto the fluid can be amplified by increasing the outside diameter of the impeller, or
increasing the speedt which itoperates.

THE CASING

The energy added by the spinning impeller exits as a high speed fluid, which is generally not very usefuddsr proc
applicationsPump outputusually requiresigher pressure, not higher speed. To convert from higher speed to
higher pressurgthe flow must be diffused (speed reducemnvering high velocity energy into pressure and
SySNBéod {SS . Dtlgw2dzA t AQa 9ljdzt GA2Y

P =231 W° B =231 WF?
—+ g =——+
sg 29 sg 29
Equation6

+Z,

P = Pressure (psi)
sg = Specific gravity (unitless)
V = Velocity of the fluid (ft/s)
G = Acceleration due to gravity (32.16 ft/%)ec
Z = Elevation of the centerline of the liquid path
Subscripts:
1 = Upstreantondition
2 = Downstream condition

In the pump, the elevation change from point 1 (exiting the impeller in this example) to point 2 (centerline of the

volute channel) is generally smalhd is considered negligible in most case®ré&fore, only the change in

pressure and velocitig leftto be consideed. In order forthe two sides of the equation to balanadgcrease in

velocityfrom point 1 to point 2musthavel O2 NNB alLJl2yRAy 3 Ay ONBI aS Ay LINBaadzNB
Equdion is a simplified representation of this process. Technigalbnly applies to flows along a streamline and

neglects friction, but it is sufficient to understand the basic principle.

THE INLET

The following discussion concerning inlets is less rekeiasubmersible lift station design because there is no inlet
piping before the impelletHowever, hese considerations should be taken into account when designing a dry pit
lift station.

The job of the inlet is to convey the liquid from the inlet pipethe impeller entrance in a fashion that imposes
minimal loss and creates the most uniform velocity profile at the impeller entrance. Therefore, the ideal inlet
geometry is a straight pipe entrance with a slight taper from the pipe flange to the impgkerThe taper
somewhatincreases the velocity and tends to stabilize the fluid streamlines prior to the impeller.

www.JensenEngineeredSystentn 14
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pipe (the same sizas the inlet flanggleading up to the pump inlet to prevent namiform velocity profile at the

impeller eye With submersible pumpghe inlet configuration is planned by the manufacturer based on the

mounting of the pumpAdditional features may need twe included in a tank mount to optimize the operation of

the pump.

This diagram is a computational fluid dynamic model of the flow
passing through a standard elbow. Red is High velocity fluid an
blue is Low velocity fluid. The fluid is moving down pifee to the
left and exiting towards the right hand side of tHagram Just
pastthe bend the high speed flow is carried by momentum to th
bottom of the pipe and the top of the pipe is filled with low spee
fluid. Placinghe pump inletjust after the bendesults inhigh
speed liquid moving into the bottom portion of the impelland
low speed liquid moving into the o This causesne side of the
impeller to act like it is pumping attagh flowrate while the

other sideactslike it is at a low flowrateThis situatiorcreates

problems with cavitation and the bearings in the pump. Moving
the pumpaway from the bendh distance ofive times thepipe
diameterprovidesa uniform flow profile and good pump
performance.

Figures8 - Effect of inlet bend on pump performance.

| IMPELLER TYPES

Selecting the proper type of impeller can have a signifiteatring on the applicatid® ultimate success. High
efficiency is desiredalong with the need for good reliabilitpnd minimal ongoing maintenance. All of these

considerations come into play when selecting the right impeller style.

www.JensenEngineeredSystentn
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OPEN IMPELLERS

Openimpellers do not have a front or a rear shrque itallows
debris that might foul the impeller to be dragged alamg rubbed
against the front and rear stationary wear platésis grinding down
the particulate to a small enough size to pass throughithpeller.
This works well with soft particulateut generally causes too much
abrasion on both the impeller and the wear plates if tempound of
the particulate is hardr than that ofthe impeller.

Another disadantageof this openstyle is the need for the impeller
vanes to be fairly thick. They must have the mechanical strength to
support themselves under the stress of pumping the liquid. This
added thickness results in a decrease in the flow area. Additignally Figure9

leakage in the impeller is caused thne clearances at the front and rear

of the blade(where the hub and shrouds would be on a closed impgllEnis leakage is vedgependent on the
clearances between the impeller and the wear plates. As the pump vexarstime these clearancesecome
larger, further increaingthe leakage lossedegrading the pumps efficien@nd, in many case$low and head
levels. An advantage openimpellersis that they develop almost no axial hydraulic thrust loads due tdéble of
shrouds.Without cores hey are als@asy to manufacture makingthem less expensive.

CLOSED IMPELLERS

Closed impellers (also called enclosed impellers) have shroud and hub
surfaces attached. The surfaces have several advantages. They eliminate the
leakage losses across the vanes. They provide strength and stability allowing
the vane thickness to be reducgghich increases the flow area through the
impeller. The two shrouds also pride a axial thrust surface from which the
pressure differential can be balanced. The obvious disadvartfagesed
impellersis that any debris entering the vanes that is too large to pass
through the impeller becomes stuck and must be removed by hahis.

cleaning process, often referred to as-degyging in the wastewater industry,
requires time consuming and costly disassembly of the pump.

Figurel0

SEMIOPEN IMPELLERS

Semiopen impellers have only one shroud on either fhent or the

back. They have some of the advantages of each of the other styles, ant
their own set of drawbacks. Since fluid has only one leakage path over
the blade, leakage losses are reduced making them more efficient than
fully open impeller designsiaving one face of the impeller open allows
particulate to pass that would clog many closed impellers. Their major
disadvantage is the fact that they have only one shroud that fluid
pressure builds upon. The differential pressure across the impeller can

Figurell

www.JensenEngineeredSystentn 16
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cause extreme axial thrust loads putting excessive stress on the bearings, or requiring thrust balancing techniques
that increase leakage losses, or power consumption lowering the pumps overall efficiency

VORTEX IMPELLERS

Vortex impellers are a subset ofalsemiopen impeller style. Instead of trying to minimize the impeller front
clearance, the impeller is intentionally mounted towards the rear of the casing cavity allowing a large gap between
the rotating vanes and the front of the stationary casing. @fieis gap is the size of the discharge port. The

concept is that the spinning impeller creates a forced vortex out in front of the impeller. A low pressure core forms
at the inlet, and speed and pressure increase outward radially until liquid is throihewdischarge. The

advantage is that particulate can pass through the pump without having to physically pass through the impeller
allowingthe pump to pass problem liquids with a larger amount of particulate, or fiborous material, without binding
or clogdng.

. NONCLOG IMPELLERS

Often in the sewage or wastewater industry, impellers are designed with a minimal number of vanes to allow
particulate to pass without fouling the impeller. Some designs have only one vane that wraps around the impeller.
More commorty, two and three vane designs are used to improve performance while still allowing the passage of
solids. A common criteria for this style is that it can passraeB diameter solid without fouling the pump. To meet
this standard, a three inch marble ntuse able to be rolled through the impeller passage without becoming stuck.
Many of the new, higher efficiency muitane impeller designs can no longer passiach solid. For applications

where this is a requirement, the manufacturer should be contadtedssure that the pump caactuallypass a 3
incesphericalsolid. Generally, norlog impellers are of the closed design allowing them to maintain clearances in
abrasive environments without the need of continuously replacing wear plates.

MOTORS

When séecting an electric motqiit is important to selecbnethat can develop enough horsepower to drive the
pump.Motors areoften selected to be notoverloading at the end of curve. This means that even at the maximum
power requirement for the pump, the motds large enough to drive the pump without overloadifibere are

several important factors that come into play for proper selectiéthe motorin submersible pumps

 CABLE CONNECTIONS

If the motor is submerged in liquid, the power cable must enter the motor housing at a junctidodaigdbelow

the liquid level. This is a prime location for a leak. Some manufacturers believe that this should be a rigid,
permanent connection with buiin strain relief. This style connection often has a packing gland around the
entrance of the junction box and, occasionally, a secondary seal to prevent leakage. Other manufacturers see an
advantage to having a quick disconnect on the cable allowing tihgppto be replaced without the need to+e

cable the unit to thecontrol panellf pump changes are frequedue tothe need to derag the pump or other
operational problems, it may be advantageous to have a pump with a quick disconnect since it allowi the

be changed without the need for an electrician.
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 BEARINGS

Thereare generallytwo bearingsof whichto be concernedn submersible pump design#he first is he upper
bearing designed to support the rotor (pump impeller, shaft, and motor rotothénradial direction. This bearing
moves axially via a slip fit to the housing. ThHissignallows for thermal growth in the rotor as it heats during
operation. he second ishte lower bearingvhichis ustally responsible for supporting the rotor in botadial and
axial loadingltis fixed in place allowing it to transfer the axial loads from the pump into the motor frame.

] 5 @

(A) (B) (© (D) (E)

For pure radial loading in pumps, a single row deep groove ball bearitgp{égllyworks well. Thee bearingsre
inexpensive and have more than enough radial load capability for common pump applications. Occasionally double
row deep groove bearings (B) and roller bearings (E) are used when very high radial loading is glipectest,

these are oftermore expensive, and are generally found on large horizontal pumps.

For the combination of radial and axial loaditite single row, deep groove bearing can be ysrd the axial load
capability is somewhat limited. The double row, deep groove bearipgats much higher axial loading (often 1.7
to 2 times the capability). When very high axial loads are expeategllar contact (C) and tapered roller (D)
bearings can be used’hese bearingsave 3 to 5 times the load carrying abilibut can only do sin one

direction.

Secificationsoften includemean time between failures (MTBF) or mean time between repairs (MTBR) at very
high numbers (60K, 80K, 100&urs). This leads the manufacturers to install larger bearings to meet the very high
design life rquirements. Bearings running in very lightly loaded conditions often cause the rolling elements to skid
instead of rollBecause more oil is not being drawn in by tfolling action of the bearinghe skidding action

causes the lubricant film between thietating element and the raceway to dissipatventually leading to metal
to-metal contact. Thisonditionleads to spalling of the bearing anttimate failure. The most common causé

bearing failure is actually improper lubrication either from contaation of the lubricant, or poor preventative
maintenance practices.

éOIL—FILLED VS ARLLED MOTORS

OiHilled motors offer several benefits. Due to a much higher thermal transfer capacity of oil as compared to air
(approximately 7X) cfilled motors terd to run cooler. The oil also provides continuous lubricant for the bearings
and the windings. Some manufacturers claim that the vibration, or start up torque pulses, of the windings causes
the insulation to wear subsequently leading to shorts within thetons. Oitilled motors are designed to lubricate

the windings and prevent degradation from chaffing during stgrt There are also studies in support of the claim
that oil-filled motors prevent moisture from getting into the hydroscopic insulation on the windings, a benefit
since the insulation tends to breakdown more quickly in moist environments.

Air-filled motors have a lower amount of drag loss as compared to dilled motor. Typical estimates range from
1% to 2% less loss. Ailted motors work best in applications where the liquids are always cool and provide plenty
of heat dissipation. If heat dissipation might be an issudfjlt@t motors have the advantage ewairfilled.
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In the case of submersible pumps in dry pit applications, heat dissipation is a major concern. Many manufacturers
will require that the motor stator be jacketed to help remove the motor heat. The jacket circulates liquid over the
outside ofthe motor helping to dissipate the heat. These jackets typically come in two forms; prodaletd and
selfcontained. A productooled jacket is a traditional design that cools the motor by passing some of, or the

entire product being pumped, through thacket. As the pumped product circulates over the motor, the heat is
transferred to the liquidwhich is then discharged through a port in the jacket. The prodooted design is not
recommended in applications where large particulate may cause plugfihg gacket ports and lead to a motor
failure. The seltontained option uses a separate cooling loop to pass clean liquid over the motor and generally
does not suffer from the plugging problem.

MECHANICAL SEALS

The job of the mechanical seal is to prevére liquid being pumped from leaking into the bearing and motor

housing. This is accomplished by rotating one extremely flat seal face in very close proximity to a stationary face of
approximately equal flatness. The faces are lapped to witkrh2liumlight bands of being perfectly flat. In the

space shown as the fluid wedge in the diagram below, a small amount of liquid is wicked through the faces and is
vaporized by the heat generated by their rotation. There must be liquid in the seal faces tncolobricate

them. Seal faces fail quickly when they run dgometimes within fractions of a second. In a typical single seal

pump, pumped liquid passes through the faces and vaporizes as it enters that atmosphere. Some small
submersible pumps use a gie seal to protect the motor from the pumped liquid.

- Fluid Wedge
Seal Housing

Pumped liquid
inside the pump

/— Vaporized Liguid

Pump Shaft

Seal Housing

Figurel2- Typical single seal in a process pump
The typical seal arrangement is a dual seal in either a @oatlandem arrangement in most submersible pumps.

The dual seal offers the protection of two seals to prevent the pumped product from getting into the bearings and
motor. The tandem arrangement has both seals facing the same direction. The bottom seal is in the pumped liquid
(A). As the pressure increaseshe pumped liquid, it forces the seal faces closer together thus reducing the

amount of liquid that passes through the faces. The oil in the seal chamber (B) is intended to be the lubricant for
this lower seal. The upper seal is fed with oil in the onatr bearing housing.
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With a double seal, the two seals are positioned back to bac
This has the advantage that both seals are operating in the
clean oil environment. The disadvantage is that a pressure
spike in the liquid ontte pump side of the seal can cause the
seal faces to force open and product can be introduced into , v
the seal cavity. This reduces or destroys the lubricity of the : ' . Top Seal

in the seal chamber, eventually leading to bearing failure. . 2 ¥ZF| (secondary

y
|
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Figurel3- Typical tandem dual seal in a submersible pumg
diagram courtesy of Hydromatic pump

éSEAL FACE MATERIALS

Motor & Bearing
Cavity on a
Submersible Pump

PumpedLiquid

Figurel4- Typical double seal arrangement from a process, pump, diagram courtesy of Flowserve Corporation

Seal faces can be made from a variety of materials. The most common materials are carbon (F), ceramic (C),
tungsten carbide (WC), and silicon carbide (SiC). Carbon is a good seal material because it is somewhat self
lubricating and is fairly inexpensive. Its nemesis is abrasives. Carbon is such a soft material that it is easily
scratched. Scratches can provide leakhgdeading to seal failure. Ceramic is often paired with carbon. It is harder
than carbon but, generally, not harder than common abrasives. It too is easily scratched leading to failures in
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abrasive environments. Ceramic does not have the mechanicalgtlrexi Tungsten and Silicon Carbide (it flexes

under pressure). It is susceptible to thermal shock (quick temperature change) causing it to shatter. Its primary
attribute is that it is inexpensive, and therefore very popular. Tungsten Carbide is an ektieané material that

has very good mechanical properties coupled with excellent corrosion resistance. The material does extremely well
in abrasiveconditions. Silicon Carbide is slightly harder than Tungsten Carbide. It has excellent corrosion resistance
and very good mechanical properties. Silicon Carbide is often paired with Tungsten Carbide as a combination of
faces in abrasivdtsations.

In most wastewater applications, it is desirable to héwveprimary seal made from harder materials such as SiC v
SiC, or SiC vs WC. The upper seal should only be pumping oil, so a carbon ceramic seal would be a good choice.
Some companies offer both seals with hard fates unless there is a particular reason, the use of F vs C can
reduce the amount of heat genated by the seal and decrease the cost of the pump.

 MOISTURE SENSORS

So what if the mechanical seals fail? How would you know? On typical process equipment, the puddle under the
pump is your first warning. With submersible equipmghere is no such visl indicator. Most manufacturers of
submersible equipment have at least one moisture detection device in the plihgse devices are typicatiyne-

tested technologies that indicate when there is moisture in a portion of the pump wihere should be none

The location of these sensors is important. Some manufacturers mount the sensor in the cavity between the
primary and the secondary seal. If the primary seal leaks, the secondary seal prevents the liquid from getting to the
bearings and motor where it cacause damageince the pump does not need to be shut down immediatelystm
Manufacturers using this method additionally state that fwemprepair can then be scheduled for a convenient
time. Other manufactures locate the sensor in the motor cavityis Tdcation can be problematic because liquid

has already reached the bearings and motor when the sensor indicates there is a problem, thus requiring an
immediate shutdown of the unit to prevent further damage.
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PUMP CURVES
Reading and understanding ceifiigal pump curves is the key to proper pump selection. There are four important

curves shown on the standard performance curve from the manufacturer. They are listed below and shown on the
manufacturers curveRigurelb).

1. Head
2. Efficiency
3. Power
4. Net positive suction head required (NPSHR)
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Figurel5- Single line pump curve

Various manufacturers and industries display the informatiornhair curves with slight variations. One very
common variation is shown belowi@urel6). Instead of an efficiency curve, the efficiency is broken into several
iso-efficiency lines with each line representing a constant efficiency. It is read much like a topographic map, with
the isoefficiency lines corresponding to elevation lines on the map.
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Figurel6 - Single line curve w/ Isdfficiencycurves

Another common curve variation is to show multiple impeller diameters on the same curve (Figure 17). As the
impeller diameter decreases in size, the performance is reduced. This allows the pump performance to be
modified to meet specific applicatiorequirements. Additionally, a reduction in diameter reduces the pump power

requirement. A reduction of only 10% in the impeller diameter can result in a 27% reduction in power
requirements.

Figurel? - Multi-trim curve
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