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Pump or Compressor ?

A mechanical device used to move
incompressible fluids through piping

system from one point to another.
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Pumps or Compressor ?

Compressors




Applications of Pumps

1- Gas Facilities/Oil Refineries (Recirculation Pumps)
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Applications of Pumps

2- 0il Transmission
(Transmission Pumps)
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Applications of Pumps

3- High Pressure Injection (Hydraulic, Lubrication and Odorization
Pumps)

OIL INJECTION PUMP
HYDRO MECH ENGINEERS




Introduction

One of the first pieces of powered machinery to be invented at the dawn of the
Industrial age was a crude form of pump. The pump has since evolved into an

endless variety of types, sizes, and applications.

Operators should become familiar with the diversity of pumps that are in existence
as they may be required to safely operate pumps in the normal course of their daily
routines. A functional understanding of pumps, their use, and application, is

essential to understanding how most processes are handled in plants today.



Theory of Pumping

Important Definitions
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Theory of Pumping

Friction Head

When the pump puts the water in motion, this water will meet resistance in the pipes,
valves and fittings. To overcome this resistance a certain amount of pressure is
required. This pressure is called the friction head and is also expressed in metres or

feet of water.

Velocity Head
A force Is required to put the water in motion. This is called the velocity head.

Pressure or Equivalent Head

When the pump discharges the water into a vessel under pressure, such as a boiler, it
has to impart additional pressure to the water in order to overcome the boiler pressure.
This extra pressure is called the pressure or equivalent head.



Theory of Pumping

Dynamic Head

Friction, and velocity head are required to move the water from the source of supply
Into the discharge vessel. For this reason we call the sum of these heads the dynamic
(force in motion) head.

Total Head

The total head required to move the water from the source of supply to the point of
discharge Is the sum of static and dynamic head.

The power required to drive a pump is determined by the amount of liquid pumped and
the total head against which the pump operates.



Theory of Pumping
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Theory of Pumping
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Volute function is to
convert most of the

Velocity energy ~ (V2/2Q)
to pressure P



Theory of Pumping

Diffuser function is to
decrease the turbulence
losses and unify the
direction of the outlet fluid
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Diffuser

Dynamic Pumping




Theory of Pumping

Dynamic Pumping

Impeller velocity diagrams

Velocity of liquid
Result

Velocity of liquid
(effect of flow tangential to
the blade trim)

Velocity of liquid
(effect of impeller rotation)



Theory of Pumping

Discharge

Connecting rod

Piston
Crosshead

Discharge
valve

Suction vake Crankshaft

suction

Positive Displacement Pumping



Types of Pumps

_ Pumps |
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Types of Pumps
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Types of Pumps

Axial Pump

Bearing
House

fluid out
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fluid in

Packing or
Mechanical
Seal

Propeller




Types of Pumps

Centrifugal

Pump

Single Suction
Impeller

Shaft

L Mechanical Seal



Types of Pumps Centrifugal Pumps

Single Stage

— Overhung Pump

* Most common type.

e Used for medium head
range < 500 ft

oSl S



Types of Pumps Centrifugal Pumps

Double Suction Pump

* Jockey Pumps for Fire
Fighting Applications



Types of Pumps Centrifugal Pumps

Multistage Centrifugal Pump

« Upto 13 impeller for higher head
« 13000 gpm
« 7000 ft

Side Suction — Side Discharge



Centrifugal Pumps

Multistage Centrifugal Pump

Types of Pumps

Top Suction — Top Discharge



Types of Pumps

Vertical Can Pump

Centrifugal Pumps

Typically used for condensate service

Low NPSH Application (specify to inlet flange)
60,000 gpm

700 ft head




Types of Pumps

Vertical Inline Pump

e Supported by piping or small foundations

* Motor supported by the pump, Piping forces
do not affect alighnment.

* Lower cost—simpler maintenance
* Slightly higher NPSHreq

Volute.

Discharge

Centrifugal Pumps
/|

. _ Stulfing Box

Vertical Cent[if-ug?l Pump > |



Types of Pumps

Centrifugal Pumps

APl 610
ASME B73.1& B73.2 Maost common pumps
APl 685 Seal less Pumps

Liguid Ring Vacuum Pumps
APl 681

Positive Displacement Pumps
APl 674 Reciprocating

APl 675 Controlledvolume
APl 676 Rotary

Firewater Pumps
NFPA 20




Types of Pumps -
enerqy
API Centrifugal Pump Configurations

CODE SPECIFIC CONFIGURATION ILLUSTRATION

OH1" Foot mournted

oWz Cantarling mountad




Types of Pumps -
enerqy
API Centrifugal Pump Configurations |

OH3 Vardical in-line
saparaie bearing frame

OH4 Vertical in-line
rigidly coupled

OoHs" Vertical fn-line
closed coupled




Types of Pumps -
enerqy
API Centrifugal Pump Configurations

OHB High speed integral gear



Types of Pumps -
enerqy
API Centrifugal Pump Configurations

CODE SHECIFIC CONFIGURATION ILLUSTRATION

BE1 Axigly spit, 1 anc 2 stage

BB2 Radially split, 1 and 2 stage




Types of Pumps -
enerqy
API Centrifugal Pump Configurations

BR3 Axialy split, muttistage

Racially spit, multistage:
BB4 Single casing
BBS Double casing




Types of Pumps

API Centrifugal Pump Configurations
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API Centrifugal Pump Configurations
C
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Wet pit, vertically-suspended, single-casing axial flow Vertically-suspended, single-casing volute lineshatt ¢



API Centrifugal Pump Configurations
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VSS

Vertically-suspended cantilever sump Double -casing diffuser vertically-suspended



Types of Pumps -
enerqy
API Centrifugal Pump Configurations
C

Double -casing volute vertically-suspended

Vs§7?



Types of Pumps Centrifugal Pumps




Types of Pumps Centrifugal Pumps

Rotation

Construction 1- Impeller




Types of Pumps Centrifugal Pumps

Construction 1- Impeller

* It converts the mechanical rotation to the velocity of
the liquid.

* |t has an inlet eye through which the liquid suction
occurs. The liquid is then guided from the inlet to the
outlet of the impeller by vanes. The angle and shape
of the vanes are designed based on flow rate. | iImpeller

* The guide vanes are usually cast with a back plate, — bt et —
termed shroud or back cover, and a front plate, P R = B
termed front cover.

* Impellers are generally made in castings and very
rarely do come across fabricated and welded
impellers. Impellers can have many features on them L -

. . . Casing
like balancing holes and back vanes. These help in =
reducing the axial thrust generated by the hydraulic Centrifugal Pump

pressure. (single-stage, closed impeller)




Types of Pumps Centrifugal Pumps

Construction Impeller TypeS

Open Semi-Open Closed
Solids handling, low flow, moderately abrasive slurries, if High heads. high flow, improved
entrained gases, reduced blocking is a concern efficiencies

efficiencies



Types of Pumps Centrifugal Pumps

Construction

Closed Impellers

The closed impeller consists of radial vanes
(typically 3—=7 in number), which are enclosed
from both sides by two discs termed ‘shrouds’.
These have a wear ring on the suction eye and
may or may not have one on the back shroud.
Impellers that do not have a wear ring at the
back typically have back vanes. Pumps with
closed type impellers and wear rings on both

sides have a higher efficiency.



Types of Pumps Centrifugal Pumps

Construction

Semi-Open Impellers

The semi-open type impellers are more
efficient due to the elimination of disk friction
from the front shroud and are preferred when
the liquid used may contain suspended
particles or fibers. The axial thrust generated
in semi-open impellers is usually higher than

closed impellers.




Types of Pumps Centrifugal Pumps

Construction

Open Impellers

These are used in applications where the
suspended solid’s size maybe large or the

solid’s maybe of crystals and fibers type.



Types of Pumps Centrifugal Pumps

Impeller Arrangements

Construction

Single Suction Double Suction



Types of Pumps Centrifugal Pumps

Impeller Arrangements
L .;. .-. —

Construction

Double Suction Impeller



Types of Pumps Centrifugal Pumps

Impeller Arrangements

Multistage Pump



Types of Pumps Centrifugal Pumps




Types of Pumps Centrifugal Pumps

D Cutwater #1

p Single Cutwater

Volute Casing

O Cutwater #2

Double Volute Single Volute



Types of Pumps Centrifugal Pumps

Construction

Volute Casing



Types of Pumps Centrifugal Pumps

Diffuser Casing




Types of Pumps Centrifugal Pumps




Types of Pumps

Construction

Clearance flow

Suction-side
(outer) clearance
between
impeller and
casing

3- Wear Rings

Clearance flow
Discharge-side
(inner) clearance

between impeller
and casing

In order to prevent leakage between the rotating impeller
and pump casing wear rings are used.

They are installed on impeller or casing or both. They
reduced the clearance between the impeller and the
casing to a very small amount.

The smaller the clearance the smaller amount of liquid
transferred from the high pressure discharge side to the
low pressure suction side and the higher the efficiency will
be.

They also prevent the wear of pump impeller and/or the
casing, hence their name. They are made of soft material

that can be sacrificed like bronze or cast iron.

Centrifugal Pumps



Types of Pumps Centrifugal Pumps

3- Wear Rings




Types of Pumps Centrifugal Pumps

Construction 3- Wear Rings

Fump casing

Wearing rings are installed on the hub of
the impeller by either threading or
shrinking.

wWearing

Casing wearing rings consist of either a rirg
continuous ring or two half rings which

) Impeller
are pressed into place.

[a] [E]
The continuous ring is used with

Fump ca=sin

vertically split casings while F 4
horizontally split casings are equipped
with wearing rings consisting of two :
halves Furmp whearing

- Gasing rings=
Split rings can be fitted onto a ridge or Impeller
into a groove of the casing which will Impeller

(=]

prevent any axial movement should the
rings work loose.

[d]



Types of Pumps Centrifugal Pumps




Types of Pumps Centrifugal Pumps

Construction 4- Shaft Sealing
- Gland Adjusting Mut

Compression AL
Packing
» Packing is made from a wide variety Pump I

of materials, some of which are Interior

asbestos, nylon, flax, Teflon, lead,

copper and aluminum. Gland

* Frequently a lubricating material,
called the saturant, such as graphite or
grease, is incorporated into the
packing material.

Facking

Rings Fump Shaft



Types of Pumps Centrifugal Pumps

4- Shaft Sealing

Compression
Packing




Types of Pumps Centrifugal Pumps

Construction 4- Shaft Sealing

Compression
Packing

Packing in the stuffing boxes of a £ _ |
centrifugal pump is not supposed to stop . :
leakage entirely, it only should throttle the
fluid. The reason for this is that the
packing acts as a bearing and must be _
lubricated as such. Lubrication comes 3
from slight leakage of fluid from the : ' -—
pump or, in emergency, from a lubricant —
in the packing. It is sometimes necessary
to provide lubricant from an outside
source.

A

4l
FITETY




Types of Pumps Centrifugal Pumps

Construction 4- Shaft Sealing

Compression
Packing

Pump Packing Gland ==




Types of Pumps Centrifugal Pumps

Construction 4- Shaft Sealing

Compression
Packing




Types of Pumps Centrifugal Pumps

Construction 4- Shaft Sealing

Compression
Packing

The lantern ring (also called the seal cage) is a
metal ring having radial holes and it serves to
distribute the sealing water to the packing. The
sealing water not only helps to prevent air leakage
but also lubricates the packing and this water is
usually supplied from a higher pressure section of
the pump. In cases where the pump is pumping
water containing sand or grit or other abrasives,
then clean sealing water may be supplied from a
separate source.




Types of Pumps Centrifugal Pumps

4- Shaft Sealing

Compression




Types of Pumps

Centrifugal Pumps

Construction 4- Shaft Sealing

Compression
Packing

Pump packing has to be replaced periodically
due to its deterioration from being compressed
and from loss of saturant. How often this has to
be done will depend upon the operating
conditions of the pump, the quality of the
packing used, and the care with which the
packing was installed and adjusted. The
frequency of replacement of the packing may
vary between a matter of months in the case of
severe operating conditions, to several years
under more moderate conditions.




Types of Pumps

Compression Packing Replacement
The recommended steps for replacing packing are as follows:

« Shut down, isolate and drain pump. Make sure pump motor switch is

Centrifugal Pumps

Construction 4- Shaft Sealing

locked open or fuses removed and switch tagged with a "Do Not Operate"
warning tag.
Remove gland adjusting nuts and slide gland away from the stuffing box. Then remove all the old packing using some

type of packing hook. Make sure the stuffing box is thoroughly clean and free from any small pieces of old packing.
Check that the sealing water connection to stuffing box is clear.

Check the conditions of the shaft or the shaft sleeve if a sleeve is installed over the shaft. If the surface is grooved or
scored, then it should be replaced as any rough surface will damage the packing.

To determine the correct size (thickness) of packing to use, measure the bore of the stuffing box and subtract the
diameter of the pump shaft and divide the difference by two.



Types of Pumps Centrifugal Pumps

Construction 4- Shaft Sealing

Compression Packing Replaceme

« Then wrap a coil of the correct size packing around a rod (same diameter as
shaft and held in a vise) and cut through each turn. If the packing is slightly
too large, never flatten it with a hammer. Place each turn on a clean surface
and roll it out with a piece of pipe.



Types of Pumps Centrifugal Pumps

Construction 4- Shaft Sealing

Compression Packing Replacement

 Install the packing rings one at a time
after putting a light coating of oil or
grease on the inner diameter of each
ring. Slide each ring sideways over the
shaft. to prevent breaking of the ring.




Types of Pumps Centrifugal Pumps

Construction 4- Shaft Sealing

Compression Packing Replacement

- Tamp the rings into place Lantern Riing » Gland.,

one at a time using a split
wooden bushing or metal
ring to push each ring into
the stuffing box.

 Make sure the ring joints

are staggered and the

_ _ =staggered Ring Joint= _ _
lantern ring lines up (4] Lantern Ring Location

(b)

properly with the sealing

water inlet.



Types of Pumps Centrifugal Pumps

Construction 4- Shaft Sealing

Compression Packing Replacement

» Put packing follower in place and compress the packing slightly by tightening the gland nuts. Then

slacken off to just finger tight to allow for packing expansion. In the case of small pumps the shaft

should turn freely by hand.
» The packing should be allowed to leak freely when the pump is first started. After about twenty minutes

of running the follower should be gradually tightened until only the necessary operating leakage is

apparent.
» The above method of installation of packing in stuffing boxes is essentially the same for centrifugal,

rotary and reciprocating pumps.



Types of Pumps

Construction 4- Shaft Sealing

Centrifugal Pumps

Mechanical Seal

Instead of employing a stuffing box with packing, many pumps use mechanical seals to prevent leakage along the shaft.
Mechanical seals have the following advantages over packing.

1.
2. They do not produce wear of shafts or shaft sleeves as do packing rings.

3.

4. They can be designed to work under very high temperatures and pressures.

They require much less maintenance.

They reduce leakage to a minimum.




Types of Pumps Centrifugal Pumps

Construction 4- Shaft Sealing
Mechanical Seal
P LT
[
74 g D j-
Pump Housing ' /_/'/ ' :
Y ' ;
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Rotating Shaft O
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Types of Pumps Centrifugal Pumps

4- Shaft Sealing
Figure 1: Single Typical Mechanicol Shaft Seol

Mechanical Seal

Coil Spring Insert

Insert Mounting

Gland Ring
Shaft Packing

A S,
Seal Ring / |

Glond Gosket



Types of Pumps Centrifugal Pumps

Construction 4- Shaft Sealing

Multiple springs

Mechanical Seal oo procss

) Tangential gland ports
- >< purnp barrier fluid
\ ) through seal for cooling

Floating seal faces —/ X ._

no shrink-fit distortion \ —

field replaceable

Universal gland — ‘P

fits AMSI purnps :
without rodifications

Centering blocks
center and set seal
allaw impeller adjustrment




Types of Pumps Centrifugal Pumps

Construction 4- Shaft Sealing

Mechanical Seal

: Housing
Housing

Mating ring

Setscrew

AV

Shoulder

.....

Sealing ring

Stationary Seal Rotating Seal



Types of Pumps Centrifugal Pumps

Construction 4- Shaft Sealing

Mechanical Seal

On the other hand, mechanical seals have a greater first cost than packing, and when they fail, the pump must be taken
out of service for a longer period to replace the seal than would be necessary with the simple stuffing box and packing

method.




Types of Pumps Centrifugal Pumps

M 4- Shaft Sealing

Single Seal Flushing By - Pass from Discharge (APl Plan 11)

Mechanical Seal




Types of Pumps Centrifugal Pumps

M 4- Shaft Sealing

Single Seal Flushing from External Source (API Plan 32)

Mechanical Seal




Types of Pumps Centrifugal Pumps

4- Shaft Sealing
Gland

Seal Chamber

|y I ' S
B I| | e =
!-!I T bt , lr- - :- -
L |5-—4'-—_—_—=j

Mech Se a '—Li- ! B

}

——— —

Mechanical Seal

<
Shaft sleeve

Rotating Shaft

T f}//f
_"_t

Seal Chamber housing a single mech. seal



Types of Pumps Centrifugal Pumps

Construction 4- Shaft Sealing

Mechanical Seal

» The materials chosen for the sealing and mating rings depend
upon such things as the type of liquid being pumped, its

temperature, its pressure, pump speed and seal design.

« Materials frequently used by various seal manufacturers are
bronze, carbon graphite, ceramics, stellite, and tungsten

carbide.




Types of Pumps Centrifugal Pumps

Construction | I TR T
Discharge nozzle

Seal flush line




Types of Pumps Centrifugal Pumps

Construction 4- Shaft Sealing

Mechanical Seal

Tandem Type




Types of Pumps Centrifugal Pumps

4- Shaft Sealing

Mechanical Seal ___ Retainer




Types of Pumps Centrifugal Pumps

4- Shaft Sealing

Mechanical Seal

Pump Housing

Pry Running 2 No Fluid Or Dry Running

Primary Ring

@




Types of Pumps Centrifugal Pumps

M 4- Shaft Sealing

Mechanical Seal

Heat Generation

Mating Ring

Primary Ring




Types of Pumps Centrifugal Pumps

Construction 4- Shaft Sealing

Mechanical Seal

Care of Mechanical Seals

It is extremely important that the seals never run in a dry condition, otherwise the faces will become

grooved and scored. The following precautions should therefore be followed:

1. Never run the pump in a dry condition even for a few minutes.
2. \ent any air present from the seal housing before start up.

3. Make sure an adequate flow of quenching or cooling liquid is flowing to the seal.

A squealing sound is an indication of a dry seal but this sound is not always present if the seal runs dry.



Types of Pumps Centrifugal Pumps

Construction 4- Shaft Sealing

Mechanical Seal

A leaking seal may be caused by the following:

1. Seal faces scored or grooved.
2. Seal housing bolts too tight, causing distortion of rings.

"O" ring gaskets cut or nicked during installation.

B~ W

Misalignment of piping, causing distortion of pump parts.

5. Excessive pump shaft vibration.




Types of Pumps Centrifugal Pumps




Types of Pumps Centrifugal Pumps
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Deep Groove Ball Bearings




Angular Contact Ball Bearings




Types of Pumps Centrifugal Pumps

6- BEARING LUBRICATION METHOD

Oil Bath Method Oil Slinger Method é




Types of Pumps Centrifugal Pumps

7- Pump Coupling
Driven % Driver
{




Types of Pumps Centrifugal Pumps

Construction 7- Pump Coupling

Grid Type Coupling Jaw Coupling



Types of Pumps Centrifugal Pumps

Construction 7- Pump Coupling

Disc Type Coupling




Types of Pumps Centrifugal Pumps

Operation
Pump head curve

Pump efficiency curve

Head

System curve

-“---------------

Rate of flow Operating rate of flow

Best efficiency point



Types of Pumps

Operation

Centrifugal Pumps

Head (ft H20)

Efficiency R

Single Line Pump Curve

2 Head-Flow Curve

Curve \

/

/

Power Curve

Power (BHP)

NPSHR (ft H20)

Capacity (USGPM)

Efficiency (%)



Types of Pumps

CAUTION:

1. Never run a centrifugal pump continuously with the discharge valve completely
closed. The mechanical power applied to the impeller is dispelled as friction to the
water trapped and churned about in the casing. This friction causes overheating of

the water to the point where it turns into steam which may result in damage to the
pump.

2. Always operate a centrifugal pump with its suction valve wide open. Never use it
for flow control. Throttling or closing of this valve starves the impeller of its water
supply and the casing becomes partially empty resulting in excessive vibration
which may ruin the bearings. The lack of liquid also affects stuffing boxes and seals

which require a certain amount of liquid for lubrication and cooling.



Types of Pumps

Operation

Centrifugal Pumps

Control valve
Main Power Pump Output Flow
J-phase ac /,-— —
™
I D
~/
Induction Motor
fixed speed Fump Inlet Flow
Main Power Variabla Pump Output Flow
?ﬁfﬁ\:ﬂp Frequency
: 3J-phase ~ /—

=

-~

Induction Motor
variable speed

Variable Frequency Drive
{ Dura-Biltsi MV)

Pump Inlet Flow




Types of Pumps

Operation

Centrifugal Pumps

PSI
160

140 -

120 -

PRESSURE
S B 'S =

o

o)
o

Valve 40%

Throttling

Valve 80%

40

60
FLOW

80

100

-

120 GPM



Types of Pumps

Centrifugal Pumps

Slower

Regulation — Speed vanation

Faster

Q



Types of Pumps

two pumps in parallel

- PEoH

single pump

SWSTEM CLRY

Flow Hate - g



Types of Pumps

Centrifugal Pumps

if - pro] ]

single pump

SWSTEM CUMYE

Do puUmps In Series

o
e

Flow Hate - g



Types of Pumps Centrifugal Pumps

l

Start-Up

Centrifugal pump system



Types of Pumps Centrifugal Pumps

: F_;;:.Sh”t head” Pump performance curves
Operation // at various speeds or with

various impeller diameters

"end of
curve"

|
|
|
.

Recommended
operating

range |

| 'BEP' - Best
| efficiency !
: point Power absorbed by

| pump
Mett positive suction head |
required by pump |

[ -

Total Head Devggped@f Pump
|

|
NPSH(R)

Flowrate Produced by Purhp
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Types of Pumps Centrifugal Pumps

Operation Cavitation

General Symptoms of Cavitation and its Affects Pump Performance and Pump Parts
* Reduction in capacity of the pump

* Decrease in the head developed

* Abnormal sound and vibrations

Cavitation implies a dynamic process of formation of bubbles inside the liquid, their growth and

subsequent collapse as the liquid flows through the pump.



Types of Pumps Centrifugal Pumps

Operation Cavitation

Rotation g

COLLAPSING
BUBBLES

Rotation
of Impeller




Types of Pumps Centrifugal Pumps

Operation

Suction-side cavitation




Types of Pumps Centrifugal Pumps

Damage Caused by Recirculation
Cavitation.




Types of Pumps

Troubleshooting
and Maintenance

IMPELLER
WITH IMPELLER
WEARING RLHNG

Impeller, impeller wearing ring, and casing
wearing ring for a centrifugal pump.

Centrifugal Pumps

1- Wear Rings

IMFELLER
CASIMG WEARING

STUFFING BOX

N

OOOINNNNNNNNN

S

PUMP -

SHAFT A
—] N - //A

XX A :
( N
o N
STUFFING PACKING
S LANTERN
RING

PUMP

7 “ "l,, _— CASING

- VOLUTE

“A——— IMPELLER

AOONNNNINNARNNEINN

—— |IMPELLER
WEARING RING

|~ PUMP CASING
WEARING RING




Types of Pumps Centrifugal Pumps

Troubleshooting

2- Packing

and Maintenance

Fluid Out
: Flush Port

Siade Foil  (Plugged, No
19006 J_JJ'LB.n'[ern Ring)

¥

Pump
Casing --

Flu_i_n::l .j"-'- . 0 %ﬁ-_ﬂnead N
' , > Space

Impeller - H
Stuffing Box



Types of Pumps

Centrifugal Pumps

Troubleshooting _

Seal Chamber

7

— e — —

Mech. Se a

Aﬁ@\
[

1

.

I

&

T2

}

N

Rotating Shaft

Shaft sleeve

Seal Chamber housing a single mech. seal



Types of Pumps Centrifugal Pumps

Troubleshooting

4- Bearing House

and Maintenance




Types of Pumps Centrifugal Pumps

Troubleshooting

4- Pump Strainer

and Maintenance
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THE PROBLEM
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T O T 2|28 =
Insufficient inlet quantity (cavity) 0
Lube Oil heat exch. Tubes leak 0
Operating in critical speed range”| O
Piping strain 0 0
Poor oil condition 0
Rotor imbalance 0 0 0
Misalignment 0 0 0
Journal/thrust bearing damaged 0 0 0
Qil reservoir low temperature 0




Types of Pumps

THE PROBLEM
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THE CAUSE Ol | 8|3 =<8z 2 5
- — 2 T | 2|5 |36 o =
Clogging lube oil strainer/ filter 0 0
Condensate in oil reservoir 0
Damaged rotor 0
Excessive bearing clearance 0
Excessive Inlet temperature 0
Faulty temperature switch 01]O0 0
Improper assembled parts 0 01 0




Types of Pumps

THE PROBLEM
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THE CAUSE olo|o|R 8| &l o2 ©
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INSUFFICIENT LUBE OIL (Lubricators) O] 0] O] O] O
Misalignment 0] O 0
Internal parts wear fluid end 0 0 0
Strainer partially clogged 0] 0] O
Internal parts wear Power end 0 0 0
P.R.V. problem O] O
Insufficientlube oil cooling 0Ol]0] O
WRONG DIRECTION OF ROTATION 0 0




Types of Pumps

THE PROBLEM
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THE CAUSE O| ©O| O Q Q e ol O
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INSUFFICIENT LUBE OIL ojlojoflo]Jo]o
Misalignment 0 010 0
EXCESSIVE SYSTEMPRESSURE oJlo|lo]Jo|O|O
EXCESSIVE INLET TEMPERATURE 0
INSUFFICIENTLIQUID INSUCTION olo]o 0
INTERNALCOMPONENT WEAR 0 0 0
STRAINER PARTIALLY CLOGGED 0l o] o 0
SPEED TOO LOW ol o
P.R. VALVE LEAKS OR WRONG SET o O
ROTARY ELEMENTS BINDING ojojfolo]Jo]o
PIPING STRAIN 0]0]1]0710
WRONG DIRECTION OF ROTATION ol o




Types of Pumps Centrifugal Pumps

Case Studies Case Study

e Very high temperature of pump 20-P-01 A bearing house was noticed with severe
bearing noise.

e Flow rate : 123-140 m%hr (till 48 hours before the failure), 180 m?*/hr within the
moment of failure and 48 hours before.

e Thrust Bearings found overheated and damaged, Radial Bearing found normal.

e Oil thrower of radial bearing side was found lose while the another one was found
fixed in place.

e Impeller and casing wear rings were found worn and out of tolerance. They were
replaced.

¢ Mechanical Seal was in good condition.









The process of reducing the misalignment of two adjacent shafts so that the
Definition center line for each shaftis as near collinear as practical.




Parallel (Offset) Misalignment?

The distance between two adjacent and parallel shaft centerlines. This offset is
Definition normally described in a unit (millimeters or mils) at the flex element location.




Angular Misalignment ?

The angle between the shaft centerline of two adjacent shafts. This angle is
Definition normally reported in slope of millimeter of change per meter of linear distance
(mils per in.) (1 mil =0.001 in.).

Millimeters of change per meter of linear
distance




Combination Misalignment ?

When the centerlines of two adjacent shafts are neither parallel nor intersect.
Definition This misalignmentis normally described in both angular and offset terms.




Locations of Potential Misalignment

r it
- Y
Q .l-

s

Centrifugal pump system




Consequences of Misalignment

IMPELLER
Fully recessed for handling large, stringy,

BEARINGS AND FRAME

Rigidly maintains alignment between
bearing frame and casing. Four frames
accommodate all sizes. Available with
oil or grease.

SHAFT AND SHAFT SLEEVE

fibrous solids. Pump will pass any
material entering pump suction.

| STUFFING BOX

CASING



Sources of Misalignment

[ Deviation of Operating Conditions than ]

[ Piping Strain ]

Ambient Conditions

- Forces in the pipe, pulling the
pump and foundation up

Hot condition / working

;D 80 % of Chronic Failures

4 ™)
Improper

Alignment

. J

/ !

< ~
- - - Improper Foundation Design ]
Ls— o

L
2 Bending foundation plate
> :

4 'S < Foundation frame




Sources of Misalignment

Improper Base Plate /Foundation Design

Pump Base

Plate )

A fabricated (or cast)
metal structure used to
mount, support, and
align, machinery and its
auxiliary components.




Base Plate /Foundation

Anchor bolt

Wrap threads
with adhesive

Grout hole

H

7.5to0 15 cm
(3in. to 6 in.)

Lewveling
jackscorew

Vent
hole —l

— [

High density tubular

closed cell polyurethare

insulation

it

— — o —— — — —

1 -
a o o
L . C &
i. = B e
"'C.':h o

Vent hole I

Wooden grout
/_ forms coated
— with paste wax
\II Baseplate initial
{ pour elevation to

seal perimeter and
lock into position

Leveling

| pad

H{ Scmto 7.5 cm

2in.to3in))
hamfer on

concrete
foundation

I"'\.

——— Urethane foam
or BTV

——— Anchor bolt sleeve

Minimum depth below bottom
of sleeve as required for
foundation designs



Sources of Misalignment

Pad B

2 (Hidden, typical) / 4
/ /

Improper Base Plate /Foundation Design

/ / /

1 Pad A 3

2,4, and 6 are directly across from points 1,3, and 5, respectively.

7
Edge of pedestal
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Sources of Misalignment



Sources of Misalignment

Improper Base Plate /Foundation Design

Discharge nozzle Machinist

ll;a/VEI
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o] e
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Piping Misalignment Check Hachiner nsialer ey Gentiaten

Fesler Gauge Readings Batwean
Gasket Faces

API 686 Flange Size:

Topor
— B ks 2 —ﬂm\

7. INLET | 3. OUTLET
6. 4, \ /
5
Maximum Allowable Tgj n high & low readings)
e o _ + 10 Micrometers/oe rrr&ter[ﬂ 001 |nfn]1}fﬂange utside diameter, not

Piping Tolerances < D axcon

+ Piping smaller than 0in.) orless.

+ Only 4 feeler gauge ] quired on flanges 15

centimeters (6 in.) outside did

Pipa Strain Readings

Mote:
+ For horizontal machinery - Dial indicator or laser readings on coupling hub flange.
+ For vertical machinery - Dial indicator or laser readings on driver-mount flange.
MNet Indicator Readings Inlet Flange Bolt Up Outlet Flange Bolt Up
Horizontal Orentation (1) * O = pm orin. * Of = LLTY O .
Vertical Onentation (2) #0f—____ pmorin. #gr— __ umorin.

(1) For verical machinery, the horizontal orientation is pempendicular to pipe centerling when viewed from top.
(2) For vertical machinery, the vertical orientation is parallel to pipe centerline when viewed from top.
{3) Maximum shaft movement in either direction is 50 micrometers (0.002 in.)

Remarks:

Piping Inspector: Date:




Piping Misalignment Check

API

Verifying Piping

Strain

686

OVERALL OBJECTIVE:

Piping Alignment Chwerview

To verify that strains imposed by the piping a. The basic method of vernfying pipe strain consists of balting up the piping to the
on the machinery are minimized. machine flanges while measuring the deflection of the machine shaft with dial
indicators or laster alignment tooling.
Spring hanger locked in cold position b. This is done with spring hanger and spring support stops locked in the cold
3 position to prevent spring function from masking shaft movement caused by
STOP INSTALLED — — { piping imposed strains.
Adjusting the spring tension of spring hangers . E=cessive movement of the machine shaft as the piping is bolted up indicates
or spring supports as a method of achieving that the pipe is imposing excessive strain on the machine.
piping alignment is not acceptable.
d. Machimery inlet and cutlet piping systems shall be separately worked into
OO NOT ADJUST SPRING TEMSION —— position to bring the piping flanges into satisfactony alignment with the matching
machinery flanges. MOVING THE MACHINERY TQ ACHIEVE PIPING
fd_ﬂ—v- ALIGHMENT IS NOT ACCEPTABLE AND SHALL MOT BE PERMITTEL.
Adjust hanger rod length or adjust tumbuckle ==
= . Methods for achieving piping alignment imclude shimming supports, adjusting
spring hamger te-red tumbuckles, retorquing flanges, installing piping support
spacers, selectively heating one side of the pipe. ing heating, cuiting &
_'Ar' — — rewelding, or completely refabricating the pipimg. The method or methods
) selacied are determined by the piping configuration and materials and will be
)/ differant for each installation.
Adjust —
support Re-torque f.  The maximum shaft movement in either the vertical or horizontal directions
flanges after the flange is tightened shall be 50 micrometers (0,002 in.) or less...
<|> - o Piping misaligmed
"Diamond Heating” — Selectively heating one H_,-""” tgtlng Heat" — Attache piping to the machine install dial
. R ; = machine flange with indicatars
side of the pipe in a diamond pattern. Fiping insulting gasket
miust be free at the machine to allow the flange | or laser
to move. 8 alignment tooling
If flange alignment is to be accomplished by 3 '

heating or welding of the piping. the procedurs
shall be approved for each type of pipe material
in advance by & welding engineer or materials

specialist.

=

\ ] ] |
Cut & l'I"::_l'n'h'F_l||:|E< F
(if required)

Baolt up piping o
machine flange and
measure shaft

deflection
7 7 7 ; ; AT T e e e e e T 7 T 7 T 7 T 7 T 7 - s
i .-.-'____.-'-" .-.-'____.-'-" A A .-.-'____.-'-" .-.-'____.-'-" .-.-'____.-'-"___-.-.-'____.-'-"___-.-.-'____.-'-"___-.-.-'____.-'-"___-.-.-'____.-'-"___-.-.-' _.-'-"___-.-.-'____.-'-"___-.-.-'____.-'-"___-.-.-'____.-'-"___-.-.-'____.-'-"___-.-.-'____.-'-"___-.-.-'____
e Ny Ny e - e, s S i g g g g g P e e e e
I I v 7 v v v v v v v v v v v v v v
o o by i A A A iy iy iy B N P N



Piping Misalignment Check

APl 686

Piping Alighment
Requirements

Paragraph 4.6.2 flange bolt hole offset.

4.6.2 Pipe flange bolt holes shall be lined up with machinery
nozzle bolt holes within 1.5 mm (1/4g in.) maximum offset from
the center of the bolt hole to permit inserion of bolts without

A

Y

]
o
////4 ;//%777
___Machinery | - Flange
flange 1—- E;%Lg — di:un:z;er
[
g’ Li

applying any extemal force to the piping.

4.6.4 Flange face separation shall be within the gasket spacing
plus or minus 1.5 mm (/4 in.). Only one gasket per flanged

connection shall be used.

— Paragraph 4.6 4 flange face separation

Feeler gauge measurement

L

Y

Machinery
flange

—| [<—Paragraph 4.6.3 Angularity
1 Feeler gauge measurement

4.6.3 The machine and piping flange faces shall be parallel to less than 10
micrometers per centimeter (0.001 in. per in.) of pipe flange sealing
surface outer diameter up to a maximum of 750 micrometers (0.030 in.).
For piping flange sealing surface outer diameters smaller than 25 cm

(10 in.), the flanges shall be parallel to 250 micrometers (0.010 in.) or less.
Feeler gauge readings shall be taken at the outer diameter of the flange
sealing surfaces.

MOTE  The sealing surface of a raised face flange is the raised face.
Thus feeler gauge readings are taken at the raised face. The sealing
surface of a flat faced flange is the entire flange face. Thus feeler gauge
readings for a flat faced flange are taken at the flange outer diameter. The
sealing surface of a ring4oint flange are taken at the outer diameter of the
raised face.



Couplings

Installation

Driver Shaft Driven Shaft

DBSE




Alignment Tools

Straight Edge Taper Guage



Alignment Tools

Vernier Caliper

Open/Closed Wrenches

Laser Alignment Kit

Mirror

e
|
|
T

Torque Wrenches

v



Alignment Tools
Dial Guage/Indicator

- lo

1
u\ Plunger

Magnetic base




Alignment Tools

Dial Guage/Indicator

General Structure of
Dial Indicators

Short hand

Scale mark plate

Fine adjustment

Long hand

Outer frame

Gauge head Dial

Spindle



Alignment Tools

Dial Guage/Indicator

Various Styles, Sizes and Ranges

Metric Dial Indicator




S

Jin.x3in.

M

.

—

Class C
4in.x4in.

—_/

Class D
5in.x5in.




Alignment Techniques

\
\

Measuring head 1

Display unit ~»
'\ 4



Alignment Techniques

Laser Alignment

« With the advent of laser technology, alignments can
be achieved to high degrees of accuracy.

A laser alignment system uses a laser diode to
produce a straightlaser beam.

 These beams can be either visible or invisible to
the naked eye.

* The laser beams may be Class 1 (invisible) or Class
2 (visible).

 Looking directly into the laser beam without

protection is not recommended.




Alignment Techniques

Laser Alignment

Advantages of Laser Alignment

* Good for long spans

* (ives consistent, accurate results

* Avoids mistakes in calculation

* Has fast set-up and most system brackets are
easily attached to the machine

* Avoids the problem of bracket sag




Alignment Techniques

Laser Alignment

Disadvantages of Laser Alignment

* The equipment has high initial cost

* Heat sources can have a negative effect on the
accuracy of the beam

* Equipment calibration must be checked

regularly




Alignment Techniques

Laser Alignment

Reading Shows Angular & Parallel Deviation

LASER Aligning Display Unit



i

‘That condition which

exists in a rotor when Mass Eccentricity

e

vibratory force or motion
is imparted to its bearings

as a result of centrifugal
forces’ Center of Gravity Center of Rotation
\ /

International Standards
Organization (1S0)




Single Plane Balancing

Original Readings (O)




Single Plane Balancing

After putting a trial 0
weight

f 330 30
rfzzijcll;l(g)sr i(%??l) 3“ ~ D 305 mils @ 60°
l . E==}})) 90
XN
XN
/// SRR
/ 5.0 mils @ 120°
150

180
1/2 Mil per Division




Single Plane Balancing

Using Vector Summation
to determine the trial
weight effect.

To determine amount of
correction weight:

Correction weight

= Trial weight x T

180

Sl

-
— "0
ot

N

150

“(y”
60 3.5 mils @ 60°

0 “T = 4.4 mils

a=77°

i.-f[')ff + IIT.F.F
5.0 mils @ 120°



REGUETRGLETET TS

ISO 1940 G2.5

Example for Turbine Rotor

Rotor weight= 400 kg
Maximum speed = 10000 rpm

ISO 1940 G2.5

U,ox =2.4umx400 kg
=960 g.mm

10

0.2

0.1

@

4




REGUETRGLETET TS

ROTOR CLASSIFICATION
{Balance Quality)

ISO 1940

ROTOR DESCRIFTION
{Examples of General Types)

G40 Passenger Car Wheels and Rims
Avtomotive Drive Shafts
G16 Parts of crushing and agricultural machinery.
Drive shafts with special requirements
Rotors of processing machinery
G623 Centrifuge bowls; Fans
Flywheels, Centrifugal pumps
General machinery and machine tool parts
Standard electric motor armatures
Gas and steam turhines, Blowers,
Turbine rotors, Turbo generators,
G215 Machine tool drives, Medium and bigger electric
mator armature with special requirements,
Armatures of fractional hp motors,
Pumps with turbine drive
Jet engine and super charger rotors
G1 Tape recorder and phonograph drives
Precision L . .
Balanding Grinding machine drives
Armatures of fractional hp motors
G 0.4 - - ;
. Ultra with spedial requirements
H;f::.z;r; Armatures, shafts and wheels of

precision grinding machinés




Selection of Trial Weights

There are numerous ways to add trial weights to a rotor, and a close inspection of the exact application

will reveal the most appropriate method.

Modelling Clay Flat Washers

V)

Hose Clips Reinforced Tape Epoxy



Attachment of Trial Weights

There are numerous ways to attach trial weights to a rotor,

Soldering

Adding Washers To Bolts Drilling or Tapping New Bolts



Attachment of Trial Weights

There are numerous ways to attach trial weights to a rotor,

Balancing Ring




Types of Pumps

Pulsation Dampener P

REDUCE PRESSURE
FLUCTUATION

Relief
Valve

Accumulator

Q

} O

KEEP ENOUGH
QUANTITY IN SUCTION



Types of Pumps

Reciprocating THROAT BUSH
Pump PACKING
LANTERN RING
FOLLOWER

Plunger Pump LAND

* Displaces only part of
the liquid inside the
cylinder as it does not
touch the  cylinder _— i — — _|— — — — . _ . _ . ) .
walls.

* No cylinder Iliner is

used.



Types of Pumps

Reciprocating

Pump

Piston Pump

Cylinder liner is used.

The movement of the
piston in the cylinder
in one direction is
called the stroke of the
plunger. The distance
the piston moves in
and out of the cylinder
Is called the length of
the stroke.

Cischarge
=

Discharge

SUction

Fiston
Crosshead

Suction vahie

Crannecting rod

Crankshaft



Types of Pumps

Reciprocating
Pump

Di=charge Eall
Check.

Piston Pump Fagking

Suction Ball
Check

Single Acting



Types of Pumps

Reciprocating

Pump

Piston Pump

Qischarge Cutlet

CLA,

Piston Fod

S48,

Suckion Inlet

Double Acting

Qi=charge Cutlet

0.4,

Fiston Rod

5B
[B]

Suction Inlet



Types of Pumps

Reciprocating
Pump

Duplex Pump




Types of Pumps

Twin Lube Pump



Types of Pumps

Rotary
Pumps

Sliding Vane Pump Discharge

Suction



Types of Pumps

Rotary
Pumps . —

Sliding Vane Pump







Types of Pumps

Rotary
Pumps

Internal Gear
Pump



Types of Pumps

Rotary
Pumps

Gear Pump

clearance

T



Types of Pumps

TIMING GEAR FUNCTION
Pumps

Gear Pump 1- TRANSMIT MOTION
TO OTHER ROTOR

2- KEEPS NO CONTACT
BETWEEN ROTORS

3- PREVENT WEAR
BETWEEN ROTORS



Types of Pumps

%//A

Multiple-Screw v

Double-End Pump




Types of Pumps

Rotary

Pumps

Differential Head Ft

80

Centrifugal

FIPW rate GPM

>

400

450

500



Thank you for
your attention!

Any Questions?




Contact Details

Hesham AbdelGayed
Tel: 01002729088

Hekhalil@gmail.com

M @ 0
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