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Section 1 - General Information

1.1 Introduction

This manua will provide assstance in the set-up, operaion, and maintenance of your Graham Liquid
Ring Pump. Please read this manua completdly prior to operating your Liquid Ring Pump. If you need
to contact the Pump Service department for assistance, please have available the pump seria number,
model number, and ID number if possble. The ID number is ssamped on the edge of the discharge
flange. The Pump Service department may be reached by contacting Graham Corporation in Batavia,
NY by phone (716) 343-2216, Fax (716) 343-1097, or email at equipment@graham-mfg.com.

Graham has an extensive stock of spare parts and replacement pumps. Stocked parts and pumps can
be shipped from our warehouse in Batavia, NY, by acarrier of your choice.

For your convenience, use our toll free number ( 1-800-828-8150 ) only when ordering spare parts
and replacement pumps. Please have the modd number, serid number and part number of the items
required when placing an order. Norma business hours are 8:00 am. to 5:00 p.m. (E.S.T.), Monday
through Friday.

Factory rebuilding service is available for pumps returned to Batavia. When a pump is returned to the
factory for repairs, please drain and flush the pump and include a Materid Safety Data Sheet (MSDS)
for the process in which the pump was used. A Return Materid Authorization (RMA) Number,
issued by Graham, is required before returning a pump. A sample form isincluded at the back of this
manud to show what type of information is required to obtain an RMA Number. Fed Service
Technicians are aso available for travel to the jobste for troubleshooting and repair or rebuilding of

pumps.

This document and the information contained herein are the property of Graham Corporation and must
not be copied, in whole or in part, nor used for manufacture or otherwise disclosed without the prior
written consent of the company. Information contained herein may, from time to time, be revised
and/or updated. Copyright Graham Corporation 1999
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1.2 General Description and Principle of Operation

Graham Vacuum Pumps and Compressors are of the liquid ring type. Single and two stage pumps are
available in awide range of Szesand materids. These options are listed in the Graham Sdles Bulletins.
The mgor component of the Graham pump is a multi-bladed rotating assembly postioned
eccentricaly in a cylindrica casing. (See Figure 1) This assembly is driven by an externd source,
normaly an eectric motor. Service liquid (usualy water) isintroduced into the pump. Astheimpeller
rotates, centrifugal force creates a liquid ring which is concentric to the casing. At the inlet, the area
between the impeller blades (buckets) increase in Size, drawing gas in.  As the impdler continues to
rotate toward the discharge, the impeller bucket area decreases in Size, compressing the gas.  This
gas, dong with the liquid from the pump, is discharged through the outlet nozzle. The service liquid is
separated from the gas and cooled for reuse in the pump or sent to adrain. In addition to being the
compressing medium, the liquid ring performs two other important functions:

1) It absorbs the heat generated by compression, friction, and condensation of the

incoming vapor.
2) It absorbs and washes out any process contaminants entrained in the gas.

A continuous supply of service liquid is necessary to limit the temperature rise in the pump caused by
the heat of compression, friction, and condensation. Any excessive rise in temperature will have a
detrimenta effect on performance, reducing the capacity and degree of vacuum attainable. Ingdlation
schematics for the supply of the service liquid and for the separation of the gas and liquid discharged
from the pump are shown in Section 2.

Gasad Gas Inlet

Liaui (?Outla ¢

Rotation
ﬂ

Liquid Ring
Discharge Port
Gas

Impeller

Figure 1
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Service liquid quantities are afunction of the particular model and the intended gpplication. Check the
data sheet for your specific pump modd or see Table 1 of Section 3 which ligts typica service liquid
requirements.

The norma operating ranges of Liquid Ring Pumps when using water & 59° F
(15°C) for the service liquid are:

Single Stage Pumps down to 150 mmHgA

Two Stage Pumps down to 25 mmHgA

Two Stage Pumps w/Air Ejector down to 3 mmHgA

Single Stage Compressors 20 ps (1.4 bar) max. differentia
Two Stage Compressors 30 ps (2.1 bar) max. differential

The stlandard materias of congtruction are suitable for handling air and other non-corrosve gases,
while usng water as the service liquid. Other materids can be supplied for specid applications.

1.3 Description of Pump Model Codes

Each pump is designated by a model code which describes the materids of congtruction, size, type of
shaft sedls, and any specid features. An example of atypicad pump is shown below. Contact Graham
for acomplete listing of the codes used to describe the pump.

Number of Stages Impeller Sze

Frame Size Shaft Seal Code
Pump Series —| |78pecial Features

3PV 42120/ 12/43/ M | NF

Vacuum Pump = PV Pump L Connection
Compressor = PC Materia and Shaft
Code End Type
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Section 2 - Installation Instructions
2.1 Handling

Carefully unpack the pump. Bare pumps may be lifted with a ding placed around the bearing housings
or under the flanges.

Place dings around the motor and the pump for units supplied with C-Face motors attached.

For baseplate mounted units, lift the pump-motor assemblies by the baseplate only. Do not attach
dings nor hooks to the motor or the pump as this can cause misaignment. Do not attempt to run the
pump until the ingalation work is complete.

CAUTION: DO NOT RUN THE PUMP WITHOUT SERVICE LIQUID AND SHAFT
SEAL FLUID.

2.2 Preservation

Cadt Iron pumps are protected internaly with a preservative solution gpplied at the factory before
shipping. The solution should be flushed from the pump prior to use. An MSDS form is included in
the back of this manudl.

The preservative solution is petroleum based and must be disposed of
in accordance with all Local, State, and Federal regulations.

2.3 Mounting

Before operation, the pump package should be carefully set, leveled, and securely bolted in place. It
Is recommended that shims and grout be used as necessary under al structural members of the base.

The Series 3 pumps are supplied as a standard to accept an adapter for mounting a NEMA C-Face
motor. The pump and support bracket (adapter) should be bolted to the floor, a cement pad, or
exiging framework. Leve and shim as required.

If baseplates are supplied with a pump and drive motor mounted at the factory, then they should be
leveled, shimmed as required, and firmly anchored.

2.4 Installation

All piping to the pump should be adequately supported to eiminate any dress a the pump
connections. All piping joints should be tested for legks prior to Sart-up. A temporary sart-up strainer
in the process inlet piping may be used to keep large contaminates from entering the pump at start-up.

6
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The location of the ingtdlation or the storage of the pump should bein an areathat will
not subject the pump to freezing.

Verify the pump’s rotation direction by checking the arrow on the shaft end casing. Refer to section
2.10 concerning the electrica requirements.

2.5 Coupling Alignment

CAUTION: TO PREVENT PERSONAL INJURY, DO NOT OPERATE THE PUMP
WITHOUT PROPERLY GUARDING THE DRIVE COUPLING.

The Series 3 pumps utilize precise machining of the pump drive end bearing housing, motor adapter,
and C-Face motor flange to diminate shaft misalignment. The coupling should be ingpected before
start-up.

Baseplate mounted pumps and motors supplied from the factory have had the shafts digned prior to
shipment. This ensures that dignment can be done in the fidd. It is required thet the shaft dignment
be rechecked after mounting on alevel foundation and prior to start-up.

For smoother operation and longer life of the coupled equipment, the following maximum misaignment
tolerances are recommended for baseplate mounted units:

The maximum alowable pardld shaft misdignment is+0.002" (0.05 mm).

Y

Li0.00Z" :]:[:l

The maximum dlowable angular shaft misdignment is+0.0005" per inch
(0.013 per mm) of coupling diameter.

== b

—PI I<— +0.0005" x D
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2.6 BdtDrives

CAUTION: TO PREVENT PERSONAL INJURY, DO NOT OPERATE THE
PUMP WITHOUT PROPERLY GUARDING THE DRIVE BELTS.

When pumps are supplied with belt drives, follow the belt manufacturer’ s ingtructions to set the tension.

2.7 ServiceLiquid Piping Arrangements

The operaing principle of a liquid ring pump depends on a continuous supply of clean service liquid,
which is normdly water. The liquid enters the pump through a connection on the casng and is
discharged from the pump aong with the gas. There are two basic piping arrangements that can be
used for liquid ring pump applications. A once-through method with no recovery of the service liquid
and a recirculation method which re-uses the service liquid.

Both of these arrangements have four basic dements:

1) A supply of serviceliquid.

2) A meansto control flow of serviceliquid.

3) A meansof sopping the flow of service liquid when the pump is off.
4) A means of separding the gas/ liquid exhaust mixture.

It is recommended to use a drainer to ensure that foreign matter does not enter the pump with the
sarvice liquid supply or make-up source. See Diagrams 1 and 2 for the proper piping arrangement
scheme.

CAUTION: COMPLETE ALL PIPING INSTALLATION AND MAKE SURE A
SUPPLY OF SERVICE LIQUID IS AVAILABLE BEFORE
STARTING THE PUMP.
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A) Typicd Ingalation of Once Through with No Recovery

The sarvice liquid is piped directly from a supply source to the pump. The liquid is separated from the

gas in the separator and discharged to a drain. No recirculation nor recovery tekes place. Thisis the

most basic arrangement and can be used when service liquid conservation or contamination is not a
concern. A solenoid operated valve provides for flow of the liquid smultaneoudy with the pump/motor

operation. When the motor stops, the valve closes to prevent the pump casing from filling with fluid.

The by-pass vave is used to pre-fill the pump at initid start-up only. It dso can be used should the

solenoid fal. When amanud vaveis used, it must be opened immediatdy after starting the motor and

closed immediately before turning the motor off.

A B C D Gas
Outlet
\
Process
T

Inlet
E
\q . | _/
Service

Liquid Inlet % %‘ O/

Pe( '
Liguid
f Dran

F G H J K L M

A- Inlet Check Vdve G- Shut-off Vave
B- Pressure Gauge (vacuum gauge for vacuum service or H- Regulding Vadve

compound gauge for compressor service) J Solenoid Vdve

K Compound Gauge

C- Vacuum Rdief Vave (not required for compressor L- Liquid Ring Pump

service) M Trap (required if discharge
D- Separator pressure is above atmospheric

pressure)
E- By-PassVave
F- Strainer
Once Through with No Recovery
Diagram 1
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B) Typicd Ingallation of Closed Loop with Tota Recovery

This arrangement provides for the total recirculation of the service liquid. A heat exchanger is added to
the system to remove the heat of compression, friction, and condensation from the service liquid before
it is re-introduced to the pump.

The sarvice liquid leve in the separator of atotal recovery system should be at or dightly below the
centerline of the pump shaft. A provison should be made for a high level overflow. This will prevent
darting the pump while it isfull of liquid, which will damage the pump or overload the motor.

S ?%%-f

Cooling
Liquid Inlet

™

Cooaling
Liquid Outlet
Overflow
Dran Make-up
M N
A- Inlet Check Vave G- Shut-off or Throttling Vave
B- Pressure Gauge (vacuum gauge for vacuum H- Compound Gauge
service or compound gauge for compressor J Liquid Ring Pump
service) K- Redirculation Pump (recommended)
C- Vaouum Rdig Vdve (not required for L- Trap or Loop Sea (required if
COMPressor service) discharge pressure is above atmospheric
D- Levd Gauge pressure)
E- Separator M- DranVave
F-  SewviceLiquid Cooler N- Make-UpVave

Closed Loop-Total Recovery
Diagram 2

10



Graham Corporation
C) Draining Before Start-Up
CAUTION: DO NOT START THE PUMP WITH THE CASING FULL OF LIQUID.
A Liquid Ring Pump should not be started with the casing full of liquid. Damage to the impdller(s) or
the shaft will result. The normd liquid level should be no higher than the shaft centerline. The pump

may be started with alow liquid level aslong as asupply of service liquid is avallable immediately after
start-up.

2.8 Shaft Seal Coolant

The Series 3 pumps are available with mechanicd sedls only. The mechanicd sedls are flushed and
cooled interndly by the ring liquid in the pump. No separate externa source of shaft sed coolant is
required.

2.9 Piping Requirements

A) Suction and Discharge Piping

The suction and discharge connections on the pump are arranged vertically and are marked with arrows
on the pump casing. The suction and discharge piping should be the same nomind size as the pump
connections. The eevation of the discharge separator above the discharge connection should be limited

to an ebow turning horizontally.

The inlet and outlet connections on the Series 3 pumps are as liged. USA X metric mating flanges can
be supplied.

Frame size 20000 BSP threaded connections
Frame size 30000 - 50000 DIN, PN 10 flanged connections

If necessary, a discharge leg can be used with a maximum of 24 inches (610 mm) above the pump
discharge flange. Too high an devation in this line will cause excessve backpressure on the pump,
overload the motor, and reduce the pump capacity.

Remove the protective coverings from the pump openings just before attaching the piping. Check that
al foreign matter such as weld dag, nuts, balts, rags, and dirt has been cleaned out of the piping before
connecting to the pump. The piping flanges must fit easly and without strain on the pump flanges and
the flange bolt holes mugt be in dignment. The flange gaskets must not protrude into the bore of the
piping or pump flanges. All piping must be supported independently on each sde of the pump without
trangmitting any drain to the pump casing. A temporary suction drainer fitted a the suction inlet is
recommended during the first 200 hours of operation.

11
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B) Service Liquid Piping

In a once-through arrangement, the nomind pipe size should be the same sze as the service liquid
connection. In a tota recirculation package with no recirculation pump, use one nomind pipe sze
larger than the service liquid connection of the pump. Also, use the least number of fittings to minimize
the pressure drop. When a recirculation pump is used, the piping should be the same sze as the
sarvice liquid connection.

The service liquid connection on the Series 3 pump isa BSP pipe thread. An NPT x BSP adapter can
be supplied.

2.10 Electrical Requirements

All dectrica wiring and ingdlation must comply with loca safety codes.

After the dectricd work is complete, the motor should be jogged to check for proper rotation. Firs,
turn the pump by hand to see that it rotates freely. The direction of rotation is marked on the pump.
Second, jog the motor momentarily to check the rotation. It is recommended to use a non-reversing
moator controller to prevent the pump from turning in the wrong direction.

12
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Section 3 - Operating I nstructions

3.1 Start-up Procedures

1)

2)

3

4)
5)
6)

Read dl ingtructions before proceeding.

Turn the shaft manudly to ensure it rotates fredly. If the pump is binding or seized, refer to
the troubleshooting chart in Section 5.
Fill the pump with service fluid to the shaft centerline, but do not overfill

CAUTION : DO NOT RUN THE PUMP WITHOUT SERVICE LIQUID
AND SHAFT SEAL FLUID.

The normd sarvice liquid level should be no higher than the shaft centerline. The pump
may be started with alow service liquid level as long as a supply is avalable immediately
after start-up.

Open any vavesin the suction and discharge lines.

Confirm the pump rotation with the arrow on the casing by jogging the motor.

Start the motor, ensure service liquid supply, and set regulating valve, when used, for
optimum pump performance.

3.2 Service Liquid Requirements

A) Flow Rates

Sarvice liquid flow rates depend on the type of piping arrangement used, the size and operating speed
of the pump, and the dlowable temperature rise through the pump. Nomind flow rates for standard
pumps and compressors at norma conditions are given in Table 1.

Service liquid flow rates and the temperature rise are important because of therr effect on pump
performance. Too little flow will result in loss of capacity. Too much flow will result in excessve

horsepower requirements.
Service Liquid Flow Rates*
Single Stage Pumps Two Stage Pumps
Pump M odel USGPM Pump M odel USGPM
3PV21030 1 3PV22030 2
3PV21070 2 3PV 22070 3
3PV 31060 4 3PV 22090 3
3PV31110 4 3PV 32080 4
3PV41160 6 3PV42110 6
3PV42160 6
3PV52120 8
3PV52160 8
3PV52200 10

* Flowrates apply to PV or PC design. For unitsin m*hr, multiply USGPM by 0.227

Table 1
13
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B) Fow Control

If aflow deviceis not used to measure the service liquid quantity to the pump, a regulating valve and
compound gauge in the service liquid line can be used to approximate the flowrate. For pump
operating pressures between atmospheric and 400 mmHgA, the reading on the compound gauge
should be in the range of 2' HgV to 5 psig (709 mmHgA to 0.35 barg). For operating pressures
below 400 mmHgA, the compound gauge reading should be in the range of 15" HgV to 2 psig (379
mmHQA to 0.14 barg). This method is only an approximation of the service liquid quantity. The actudl
operating conditions will dictate the amount of sedant liquid required and dso the compound gauge
reading.

On some closed loop - totd recirculation type systems, the vacuum pump will draw the amount of
service liquid from the discharge separator tank that it requires. No other flow control device needsto
be ingaled on thistype of system.

C) Hard Water

If hard water is used as the service liquid, scae deposits caused by the precipitation of minerds will
occur. Thiswill vary with the temperature of the water. Scae depodts on the internd surfaces of the
pump will cause an increase of the operating horsepower, wear on moving parts, and may cause the
pump to saize. If the hardness of the water is excessve, consder usng awater softening trestment.

3.3 Cauvitation

Cavitation is identified by a characteristic metalic or grinding noise insde the pump. It is caused when
the pump suction pressure is too close to the vapor pressure of the service liquid. If the service liquid
temperature ingde the pump rises such that its vapor pressure closely approaches the suction pressure
of the pump, cavitation will occur.

When cavitation takes place, vapor bubbles form and collgpse within the liquid ring. This will damege
the surfaces of the impeller, side plates, and casing. Cavitation causes damage by tearing away meta
particles. The damage may be more severe in a corrogve Stuation.

Cavitation may be prevented by bleeding air into the pump to raise the suction pressure. Vacuum relief
vaves can be fitted in the suction piping for this purpose. If the pump is provided with an ar
attenuation valve, it can be opened to bleed air into the second stage casing until the noise stops.

If the problem is not caused by a low flow of non-condensable gases, the service liquid temperature

should be checked. Ultimately, the vacuum a which the pump can be operated is governed by the
vapor pressure of the service liquid ingde the pump.

14
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3.4 Shut-Down Procedures

1) Shut off the service liquid supply and immediatdly stop the motor.

2) If necessary, close dl suction and discharge valves.

3) If necessary, drain the pump to protect it from freezing by removing dl drain plugs.
4) Disconnect power from the motor if maintenanceisto be performed.

15
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4.1 Accessories

Section 4 - Accessory Items

There are many accessory items associated with Liquid Ring Vacuum Pumps and Compressors. They
can be supplied by Graham and shipped from the factory or can be supplied by others and ingtaled in
the field. The particular requirements, mode of operation, and type of control scheme desired dictate
the necessity of various items. Thefollowing isalist of common accessories.

Inlet Check Vave

Veacuum Rdief Vave

Hexible Connector

Vacuum Gauge

Shut-off Vave
Strainer

Fow Regulator

Compound Gauge

Discharge Separator

Solenoid Vdve

By-pass Vave

Used to prevent a back flow of gas into the process when the pump
is stopped. Check vaves are normdly ingaled in a horizontd line.
An elbow can be provided to adapt the vertical pump inlet to accept
ahorizonta check valve,

Used to protect the pump from cavitation and control the pump
suction pressure. When the pump capacity exceeds the system’s
flow requirements at a pre-determined leve, the valve will open and
bleed in atmospheric air or process ges.

Used to compensate for minor misaignment or expanson between
the pump connections and the process piping.

Used to indicate vacuum a the pump inlet. Normaly mounted
directly ahead of the pump suction.

Used to manually stop the flow of service liquid to the pump.
Used to filter out solid particles that will damage the pump.

Used to control the service liquid flow rate to the pump.
A manud vave, afixed orifice, or aflexible dement orifice may be
used depending on the application.

Used to indicate pressure inthe service liquid piping.

Used to separate the service liquid from the discharged ges as it
comes out of the pump. The liquid can be piped to a drain or
recovered for reuse.

Used to automaticaly stop or sart the flow of service liquid to the
pump. Normdly interlocked to the pump motor.

Used to initialy fill the pump with service liquid or for bypassin case
the solenoid call falls.

16
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Recirculation Pump

Heat Exchanger

Atmospheric
Air Ejector

Used to circulate the service liquid recovered from the discharge
Sseparator in some total recovery systems.

Used to remove hesat from the recirculated service liquid.

Used to provide a suction pressure lower than the pump is

capable of when operating done. It may be added to a two stage
pump to provide an inlet pressure as low as 3 mm HgA. The
operation of the ar gector is smilar to that of a steam gector.
Atmospheric air or recycled gas from the discharge separator is used
as the motive force for compressing the process gas from the system
design pressure up to the inlet pressure of the pump. To enhance
pumping capacity at a higher suction pressure, an optiond motive ar
shut-off vave or by-pass vave can be added. (See Figure 2)

Atmospheric
Air Inlet

——

Optional
Shut-off

Valve

Process Inlet
- - —_—

Atmospheric

Air Ejector
Optional
By-pass
Valve
Discharge

Liquid Ring

Vacuum Pump

Typical Atmospheric Air Ejector

Figure 2
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Section 5 - Maintenance

5.1 Peformance

Optimum performance and long service life are dependent upon good maintenance procedures and
periodic inspections. When preparing to dismantle a pump, make provisons for the safe handling of

heavy parts.

5.2 Series 3 Pump Estimated Weights ( Ibs.)*

Cast Iron
Pump Model| Dry | Operating | Flooded Pump Model| Dry | Operating | Flooded
3PV21030 | 51 54 56 3PV22030 | 55 58 61
3PV21070 | 53 56 53 3PV22070 | 62 65 63
3PV31060 | 88 92 97 3PV22090 | 66 69 73
3PV31110 | 132 142 151 3PV32080 | 100 110 120
3PV41160 | 176 188 200 3PV42110 | 187 200 207
3PV42160 | 192 209 227
3PV52120 | 342 364 386
3PV52160 | 377 403 430
3PV52200 | 397 428 459

Stainless Steel

Pump Model| Dry | Operating | Flooded Pump Model| Dry | Operating | Flooded
3PV21030 | N/A N/A N/A 3PV22030 | N/A N/A N/A
3PV21070 | N/A N/A N/A 3PV22070 | N/A N/A N/A
3PV31060 | 93 97 102 3PV22090 | N/A N/A N/A
3PV31110 | 139 149 159 3PV32080 | 105 116 126
3PV41160 | 185 197 210 3PV42110 | 196 210 217

3PV42160 | 202 220 238
3PV52120 | 359 382 405
3PV52160 | 396 423 452
3PV52200 | 417 449 482

* Pump weights apply to PV or PC design. For unitsin kg, multiply Ibs. by 0.454

Table?2

18
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5.3 Shaft Bearings

The Series 3 pumps use seded-for-life bearings that are not regreasable.

The standard bearings are rated for an L10, life of 80,000 hours. The temperature of the bearings
should not exceed 140°F (60°C). Overheating may be due to misdignment of the shafts or a bad
bearing.

5.4 Mechanical Seals

The Series 3 pumps are fitted with single acting mechanica shaft sedls. They should be replaced when
worn, scratched, or cracked, or when the rotating segment no longer grips the shaft.

When replacing the mechanica sedls, clean the shaft thoroughly. The seal faces must be protected
during ingalation from particles which may scratch the surfaces.

CAUTION: DO NOT RUN THE PUMP WITHOUT SERVICE LIQUID AND
SHAFT SEAL FLUID.

5.5 Storage

If apump isto be out of service, it should be protected interndly from rusting by using arust inhibitor.
The pump should be drained completely by removing al the lower plugs. Ingdl the plugs and fill with
Oakite HPO (or equd) preservative solution. Remove the manifold(s) and spray the ingdes with
presarvative. Rotate the pump manudly to circulate the solution. Drain the pump to below the shaft
centerline and replace the manifold(s). This procedure may be disregarded for pumps made of
dainless ged.

Sed any openings to prevent foreign materia from entering the pump.

The pump shaft should be rotated each week to distribute the preservative and to prevent flat spots on
the bearings. Document the time, date, and by whom this procedure was performed.

The manifold(s) should be re-sprayed monthly and the pump checked to see that the preservative is
maintained. Thiswill protect the pump for up to twelve months.

Pumps stored a low temperatures may need to be protected from freezing ether by draining
completely or by using an anti-freeze solution.

Pumps with V-bdt drives should have the belts |loosened to rdlieve the belt tenson during Storage. Do
not store near running electric motors as ozone produced is detrimentdl to the rubber in the belts.
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5.6 Removal from storage

The pump should be drained and flushed if necessary to remove the preservative solution. Refer to
Section 3.1 of this manua for the recommended start-up procedure.

CAUTION: THE OAKITE HPO PRESERVATIVE SOLUTION ISPETROLEUM
BASED AND MUST BE DISPOSED OF IN ACCORDANCE WITH
ALL LOCAL, STATE, AND FEDERAL REGULATIONS.

An MSDSformisincluded in the back of this manual.

20



Graham Corporation

5.7 Troubleshooting Chart

Problem Cause Solution
Reduced . Speed too low . Check power supply and transmission
Capacity - Lesk in suction line - Repair
. Service liquid temperature too high . Check coolant flow & heat exchanger
- Insufficient or excess service liquid . Provide correct flow rate
. Excessive back pressure . Eliminate cause of back pressure
Excessve . Excessve or inaufficient service liquid - Adjust flow rate
Noise . Shaft misdignment . Redlign shafts
. Defective bearing . Replace bearing
- Cavitation . Open attenuation valve or adjust vacuum
relief valve
. Back pressure . Eliminate cause of back pressure
High Power . Excessive sarvice liquid . Reduce flow rate
Consumption | . Shaft misalignment - Redlign shafts
. Excessive back pressure . Eliminate cause of back pressure
. Defective bearing . Replace bearing
. Improperly mounted pump . Make sure surface is level and all feet touch
the surface, shim if necessary.
Overhesting - Service liquid temperature too high . Check coolant flow & heat exchanger
- Insufficient service liquid . Provide correct flow rate
- Shaft misdignment - Redlign shafts
. Defective bearing . Replace bearing
Vibration . Shaft misaligned . Redlign shafts
. Pump or baseplate not properly anchored | . Anchor
. Defective bearing . Replace bearing
- Improperly mounted pump . Make sure surface is level and all feet touch
the surface, shim if necessary.
. Cavitation . Open attenuation valve or adjust vacuum
relief valve
. Back pressure . Eliminate cause of back pressure
. Excessve service liquid . Provide correct flow rate
Abnormal - Shaft misdignment - Redlign shafts
Bearing Wear | . Piping load on pump flange . Support connecting pipe work
or Failure . Mechanica sed leakage - Replace sedls
. Shaft flinger missing - Replace flinger
Shaft Will Not | . Scale build-up . Descale pump
Turn or . Foreign object in pump . Remove foreign object
Partidly - Piping load on pump flange . Support connecting pipe work
Seizes . Improperly mounted pump . Make sure surface is level and all feet touch
the surface, shim if necessary.
. Soft Foot . Correct pump / motor mounting

Table3
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Section 6 - Disassembly And Reassembly Procedures

6.1 General

Complete disassembly of the pump is seldom necessary and it may only need to be disassembled to the
point required to repair or service it. Specific ingtructions are included with the documentation sent with
your liquid ring pump. The cross-section drawing and parts list should be referred to when servicing the
pump and when ordering spare parts.

Before any servicing takes place, it is recommended that gasket compound, bearings, and mechanica
sedl's be on hand as spare parts. The stocking of additiond items beyond these basic wearing parts is
dependent upon the type of application, compatibility of pump materias with the process gas and
sarvice liquid, degree of corroson and eroson to which the pump is subjected, importance of pump
reliability to the process, eic.

When ordering spare parts, be sure to identify the pump size, serid number, part name and reference
number, and if available, origina purchase order number, Graham job number, or a drawing number.

6.2 Impeller End Clearances

Refer to Table 4 for the impeller end clearances. These vaues are for each sde of the impdler in each
stage. These clearances are extremdy important for optimum pump performance. Also refer to the
dismantling and reassembly procedures that were provided with the documentation sent with your

pump.

Impeller End Clearances *

Pump Cast Iron Construction 316SS Construction
Frame

Sze
30000 0.004"-0.006" 0.006"-0.009"
40000 0.004"-0.006" 0.006"-0.009"
50000 0.006"-0.008" 0.009-0.012"

* For unitsin mm, multiply inchesby 25.4

Table4
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A) Non-Gasketed Pumps

Series 3 pumps do not require casing gaskets, but use a joint sedling compound between the impeller
casngs and the end plates. They are machined for a metd to meta fit. Refer to Figures3 & 4. The
headers or crossover manifolds require a gasket.

Gasket
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(=i N
i s

I [— ‘
/3 S
Sealing Sealing
Compound Single Stage Compound
Figure 3

Gasket
=17
A / N 5 S e \ A
<

I

B

(T
il

* |‘—
I:I l:l
Sealing
Compound on
) certain sizes
Sealing Sealing
Compound Two Stage Compound
Figure 4

* Impeller clearance locations.
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6.3 TieRod Torque Values

Table 5 includes torque vaues for re-assembling the pumps.

Pump Frame Sze | TieRod Torque*
20000 30 ft.-Ibf
30000 40 ft.-Ibf
40000 40 ft.-1bf
50000 40 ft.-1bf

* For unitsin N-m, multiply ft.-Ibf by 1.355

Table5

6.4 Bearing Data

The correct bearing fit class needs to be used in order for proper operation. Do not use a C3 fit as
it istoo loose and will cause damage to the pump. Table 6 provides correct bearing data for the

pumps.
Pump Frame| SKF Bearing Type Bearing Fit Bearing Journal Tolerance
Size Number Class Diameter & Tolerance Class
(Normal Fit) (um)
30000 6306/2RS1 Ball Bearing, Single AFBMA 0 30 mm, +15, +2 k6
40000 6306/2RS1 Row, Deep Groove, AFBMA O 30 mm, +15, +2 k6
50000 6308/2RS1 Double Seals (SFL) AFBMA 0 40 mm, +18, +2 k6
Table6
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Section 7 - Warranty

THE FOLLOWING IS IN LIEU OF ALL WARRANTIES OF GRAHAM EXPRESSED OR
IMPLIED AND ALL IMPLIED WARRANTIES, INCLUDING BUT NOT LIMITED TO ANY
IMPLIED WARRANTY OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR
PURPOSE, AND/OR ANY OTHER OBLIGATION ON THE PART OF GRAHAM ARE
HEREBY EXCLUDED:

Graham, except as otherwise provided, warrants goods of its own manufacture agangt faulty
workmanship or the use of defective materids, under norma use and service, and that such goods will
conform to mutualy agreed upon written specifications, drawings, and is guaranteed to meet pecified
performance requirements, for a period of twelve (12) months from date of shipment of the goods from
the factory.

Graham assumes no responsibility for deterioration of the equipment due to corrosion, erosion, or flow
induced tube vibration, or for fouling, maintenance problems or any other causes not specificaly
covered under the foregoing warranty. The sole remedy of Buyer with respect to any part not
conforming to any warranty of Graham shdl be the repair or, a Graham’s option, replacement of any
defective pat a the point of manufacture, Buyer assuming dl cods of remova, shipping, and
reingalation, provided that immediate written notice of the defect has been given to Graham, and
Graham shal not be liable for any other expenses incurred because of failure of any part to meet
Graham's warranty, nor for any specid, indirect or consequential damages. Materid returned to
Graham’s factory without its written consent will not be accepted. No back charges will be honored
without Graham's advance approvd of the work to be performed. Graham's ligbility on any clam of
any kind, including negligence, for any loss or damage arising out of, connected with, or resulting from
this transaction, or the design, manufecture, sae, delivery, resde, indalation, technicd direction of
ingallation, ingpection, repair, operation, or use of any equipment covered by or furnished hereunder
shdl in no case exceed the price pad by Buyer for the equipment. Graham dso disclams dl liability,
whether in contract, tort, warranty, or otherwise, to any party other than the Buyer.

In the event the pumps are dtered or repaired by any person or entity other than Graham, without

written gpprova by Graham, dl warranties are void. Bearings and shaft sedls are warranted only to
the extent of, and pursuant to, the original manufacturer's warranty
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Appendix A- MATERIAL SAFETY DATA SHEET

Oakite.

MATERIAL SAFETY DATA SHEET

PRODUCT CODE: 4405
OAKITE HPO
200-238-001

HMIS 2 2 1 H

SECTION I - PRODUCT IDENTIFICATION
TRADE MNAME OAKITE HPO EMERGENCY TELEPHONE NUMBER :
CHEMICAL NAME {(800) 424-9300 (CHEMTREC)
AND SYNONYMS NA; Mixture.
MANUFACTURER'S NAME
AND TELEPHONE NO. OAKITE PRODUCTS INC. {908} 464-6900 (B8am-5pm)
A Member of The CHEMETALL Group
ADDRESS 50 Valley Road Berkeley Heights NJ 07922
DATE OF PREPARATION 05-21-98
SECTION 1II - HAZARDOUS INGREDIENTS
ACGIH OSHA
CAS NO. ¥ BY WT' TLV PEL UNITS
(TWA) (TWA)
Severely hydrotreated naphthenic
petroleum distillate -(as oil mist, 3
mineral) 0064742525 60-70 & = mg/m
Kerosene 0008008206 15-25 HNE NE
Barium sulfonate{+] (as Ba, soluble 3
compounds) 0061790485 1-10 0.5 0.5 mg /m
2-Butoxyethanol (+) - (skin) 0000111762  1-5 25 50 ppm
Non-hazardous ingredients Bal.

Unidentified ingredients are considered not hazardous under Federal Hazard
Communication Standard {(29CFR 1910.1200).

A1l components of this material are on the US TSCA Invertory.

{+) This product contains ingredient(s) identified in Section II with (+) which
are subject to the reporting requirements of Section 313 of SARA Title III arnd
40 CFR 372.

CARCINOGENICITY: No substance in this preduct is listed by IARC, NTE, or
regqulated by OSHA as a carcinogen.

Dakile Products InG warards Ihat 1he produst or prosucts saschbed hersn will conorm wih ils publshed specficalons. e ploducts suppied by Cakis &d nform alcn related 1o tham s niendec =
w50 Dy buye 3 NAWING ~AcAssany nousinal sill and kicwiedge  Buyars shoukl undstake sufficent verfication and testing 1o delsrmnae the mukebity of te Culale materals for e oam penculer Curcose
Since Buyer § condimiors af usa of products are beyond Cakile's conirol. Calube does not warrant any racommandaliong &hd iRk abon fof thi ule of luch producls  CAKITE DISCLAMS ALL OTHES

HAWAEWEEIN%&T;_FCI%T gARRAN'I‘F OF MERCHANTABILITY AND FITHESS FOR ANY PARTICULAR PURPOSE IN CON“E’}DEVII’HS‘E Uﬁgﬁfabﬁiml%rﬂed
-1-
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Oakite.

MATERIAL SAFETY DATA SHEET

SRECTION II1I - PHYSICAL DATA
BOILING EQINT (FI NE SPECIFIC GRAVITY (H20=1} 0.890
VAFPOR PRESSURE (mm Hg) NE Bulk Density 7.4 lb/gal
VAPOR DENSITY (Air=1} NE PERCENT VOLATILE
SOLUBILITY IN WATER Inscluble BY WEIGHT (%) Excludes H20 15-25
EVAPORATION RATE (Water=1) <1 PH NA
APPEARANCE AND OQODOR Reddish-brown PH {concentrate} NA

liquid; spicy,
pungent odor.

FLASH POINT {(Method Used): 170 F {TCC)
FLAMMABLE LIMITS: LEL: NE UEL: NE

EXTINGUISHING MEDIA: Carbon dioxide, dry chewmical, or foam.

SPECIAL FIRE FIGHTING PROCEDURES: Wear 8Self-Contained Breathing Apparatus
{SCBA) .

UNUSUAL FIRE AND EXPLOSION HAZARDS: See Section VII. (WHMIS)
See Section VI. (U.S.)

SECTION V - HEALTH HAZARD INFCRMATION
ROUTE (S} OF ENTRY: INHALATION: SKIN: INGESTION:
x X x

MEDICAL CONDITICNS AGGRAVATED BY EXPOSURE: None known.
SYMPTOMS/EFFECTS OF OVEREXPOSURE:
Inhalation of mist may cause respiratory irritation. High vapor

concentrations may produce headache, dizziness and nausea. Froduct contains

2-butoxyethanol which has shown to cause liver and kidney damage and
hemolytic anemia in test animals. Direct contact with eyes causes
irritation. Chronic exposure may lead to skin irritation, oil acne, and
dermatitis.

FIRST AID

EYES: Immediately flush eyes with plenty of water for at least 15 minutes

while holding eyelids open. If irritation persists get medical
attention.

NAR - Hot Applicable NE - Not Established
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Oakite.

SKIN:

INGESTION:

INHALATION:

STREILITY:

MATERIAL SAFETY DATA SHEET

Remove contaminated c¢lothing. Wash thoroughly with scap and water.
If irritation persists, get medical attention.

Contact lecal polson control center or physician IMMEDIATELY!

Move wictim to fresh air. Treat symptomatically.

NORMALLY STARLE
Avpid extrewme heat, open flame.

INCOMPATIBLE MATERIALS: Acids, Strong oxidizers.
HAZARDCOUS DECOMPOSITION PRODUCTS: Carbon monoxide, Carbon dioxide, Sulfur

dioxide.

PROCEDURES :

Wear personal protective equipment {See Section VIII).
Yentilate area. Remove all heat and ignition scurces. Clean up
with noncombustible absorbant material.

WASTE DISPOSAL METHOD: Dispose of in accordance with Local State and Federal

RESPIRATORY:

EYEWEAR:

regulations.
SECTION VIII - SPECIAL PROTRCTICN INFORMATION

EEE R R EE R EEEEE T L EEE R R E L F S =0 e e

For symptoms of overexposure, wear a NIOSH-approved organic
vapor respirator with a dust and mist pre-filter.

Wear chemical safety goggles.

CLOTHING/GLOVES: Wear neoprene or cother chemical-resistant gloves and clothing

VENTILATION:

as needed to prevent skin contact.

Local exhaust may be necessary for some handling/use
conditions. Specific needs should be addressed by
supervisory or health/safety perscnnel.

NA - Not Applicable NE - Not Established
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Oakite. e

MATERIAL SAFETY DATA SHEET

COMBUSTIELE. Keep away from heat, sparks, open flame. Store in closed contai
in cool well-ventilated area.

APPROVAL -Lu.d\,&,e‘\ [?/UM.,S, Mgr. Health & Environmental Dept. 05/21/195%
" 'NAME

TITLE DATE OF PRINI

NA - Not Applicable NE - Not Established
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Appendix B- RETURN MATERIAL AUTHORIZATION FORM

RETURN MATERIAL AUTHORIZATON FORM
TO: Pump Service Department Date:

FROM:

RMA Number:

Thisform must befilled out completely before any work will be started on
the equipment being returned. Thisisto ensure the safety of all Graham
employees who may come in contact with this equipment.

MSDS (Materid Safety Data Sheet) must be included for all material handled
by the equipment. Work on the equipment will be held pending receipt of
the MSDS.

The equiggment must be cleaned prior to shipping back to Graham.
Equipmentwglurned in an unsatisfactory condition will bereturned to the
A sender for cleaning.

Customer Data

Customer: !\ ZI Contact Person:

Mailing Address: Phone Number:
Rx Number:
Graham Equipment | nformation L
Graham Seria Number: E

Equipment Being Returned:

Reason for Return:

Materid Handled by Equipment:

Send equipment and M SDS sheets to the address above, Attn.: Pump Service
Dept.
Thisform isto befilled out by Graham (Batavia) personnel only. RMA
formsfilled out by agents and customer s will not be accepted!
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