
What is Pump

Pump is a mechanical device to transfer the 

incompressible fluid from low energy level 

to high energy level when driven by prime 

mover. 



Classification of pumps

Pumps can be classified on following 

parameters.

• Nature of the liquid to be pumped.

• Pumping rate and pressure requirement.

• Suction condition

• Relative cost

• nature of the drive.



Classification of pumps

Piston pump

Plunger Pump

Reciprocating

External Gear pump Internal Gear pump

Gear Pump Screw Pump

Lobe pump

Sliding vane pump

Rotary

Positive Displacement Centrifugal

Pumps



Introduction to centrifugal pump

It is rotating device to impart kinetic energy to liquid 

which is required to transfer liquid flow form lower 

energy level to higher energy level.

The main components of centrifugal pump

Mech.seal
Shaft

Impeller

Casing

Stuffing Box

Bearing 

housing

Thrust 

bearing

Breather

Redial bearing

Drive end



Basic information on head, capacities, speeds, Affinity Laws, 

Pump and System Curves 

Head
The static head corresponding to any specific pressure is dependent upon

the weight of the liquid according to the following formula.

A Centrifugal pump imparts velocity to a liquid. 

This velocity energy is then transformed largely 

into pressure energy as the liquid leaves the 

pump. 

Therefore, the head developed is approximately 

equal to the velocity energy at the periphery of 

the impeller This relationship is expressed by the 

following well-known formula: 

Where H = Total head developed in feet. 

v = Velocity at periphery of impeller in feet per sec. 

g = 32.2 Feet/Sec2 D = Impeller diameter in inches 

V = Velocity in ft./sec 



Capacity – The flow delivered at discharge nozzle against  a given 

system pressure- i.e. How much & How fast

Pump Characteristics curves-

Graphical representation of pump 

performance

System Curve-The system curve 

represents the pressures needed at 

different flow rates to move the 

product through the system.

Net positive suction head- The 

head required to push liquid to 

impeller eye of pump

Power and efficiency –The work 

performed by the pump

Affinity law-Performance variable 

relationship





Classification of centrifugal 

pumps

Based on the head & flow characteristics , the 
centrifugal pumps can be classified under three 
general categories as:
Radial Flow :
A pump in which the pressure is developed by the 
action of centrifugal force. The liquid normally 
enters at the hub and flows radially to the 
periphery. Pumps in this class usually have a 
specific speed below 4200 (US units), for single 
inlet impellers. 



Classification of centrifugal pumps

• Mixed flow :

A pump in which the head is developed partly by 

centrifugal force and partly by the lift of the vanes 

on the liquid. This type of pumps has a single 

impeller, with the flow entering axially and 

discharging in an axial and radial direction. Pumps 

of this type have specific speeds varying from 

4200 to 9000 (US units).



Classification of centrifugal pumps

• Axial flow :

A pump of this type, also called the propeller 

pump, develops most of its head by the propelling 

or lifting action of the vanes on the liquid. It has a 

single inlet impeller, with the flow entering axially 

and also discharging axially. Pumps of this type 

usually have a specific speed above 9000 (US 

units).







Basic components of Pump

• Casing: the body of the pump which 

encloses the impeller.

• Impeller: the rotating element of a 

pump which imparts movement and 

pressure to a fluid 







Various Terminology used in 

pump

• Best Efficiency Point (B.E.P.): the point on 

a pump's performance curve that 

corresponds to the highest efficiency

• Cavitation: the sudden collapse of gas 

bubbles due to the sudden pressure increase 



Various Terminology used in 

pump

• Centrifugal force: a force associated with a 

rotating body. In the case of a pump, the 

rotating impeller pushes fluid on the back of 

the impeller blade, imparting motion. Since 

the motion is circular there is a centrifugal 

force associated with it. The force pushes 

the fluid against a fixed pump casing 

thereby pressurizing the fluid 



Various Terminology used in 

pump

• Discharge Static Head: the difference in 

elevation between the liquid level of the discharge 

tank and the centerline of the pump. This head 

also includes any additional head that may be 

present at the discharge tank fluid surface.

• Friction head difference: the difference in head 

required to move a mass of fluid from one position 

to another at a certain flow rate 



Various Terminology used in 

pump

• Head: refers to the pressure produced by a vertical 

column of fluid 

• Net Positive Suction Head (N.P.S.H.): the head 

in feet of water absolute as measured or calculated 

at the pump suction flange, less the vapor pressure 

(converted to feet of water absolute) of the fluid 

• Performance curve: a curve of flow vs. Total Head 

for a specific pump model and impeller diameter 



Various Terminology used in 

pump

• Shut-off head: the Total Head corresponding to 

zero flow on the pump performance curve 

• Specific gravity: the ratio of the density of a fluid 

to that of water at standard conditions 

• Suction Static Head: the difference in elevation 

between the liquid level of the source of supply 

and the centerline of the pump. This head also 

includes any additional head that may be present 

at the suction tank fluid surface 



Various Terminology used in 

pump
• Suction Static Lift: the same definition as the Suction 

Static head. This term is only used when the pump 

centerline is above the suction tank fluid surface. 

• Total Head: the difference between the head at the 

discharge and suction flange of the pump 

• Turbulent: a type of flow regime characterized by the 

rapid movement of fluid particles in many directions 

as well as the general direction of the overall fluid 

flow 



Various Terminology used in 

pump
• Vapor pressure: the pressure at which a liquid boils at 

a specified temperature 

• Velocity Head difference: the difference in velocity 

head between the outlet and inlet of the system 

• Viscosity: a property, which measures a fluid's 

resistance to movement. The resistance is caused by 

friction between the fluid and the boundary wall and 

internally by the fluid layers moving at different 

velocities 



Selection of Pump

For selection of pump following information’s are 

required

A) Characteristics of the fluid

• What it is

• Pumping temperature

• Specific Gravity at pumping temp.

• Is there any corrosive elements presents if yes than what they 

are

• Vapor pressure at pumping temp.



Selection of Pump

B) Desired pumping rate

C) Pressure conditions required

• Discharge Pressure 

• Suction pressure

• Differential Pressure

• Whether pump has to be operated in series or 

parallel with other pump.



Selection of Pump

D) NPSH available

E) Type of pump desired

F)  Flange ratings

G) Is mechanical seal required

H) Is cooling water available

I) Preferred metallurgy of metal parts



Selection of Pump

J) Type of driver & Characteristics of 

electrical power or steam

K) Whether pump must confirm to API 

standard 610

L) Space limitation if any.







Understanding Centrifugal Pump Performance Curves

The capacity and pressure needs of any system can be defined with the help of a

graph called a system curve. Similarly the capacity vs. pressure variation graph for 

a

particular pump defines its characteristic pump performance curve.

The pump suppliers try to match the system curve supplied by the user with a

pump curve that satisfies these needs as closely as possible. A pumping system 

operates

where the pump curve and the system resistance curve intersect. The intersection of 

the

two curves defines the operating point of both pump and process. However, it is

impossible for one operating point to meet all desired operating conditions. For 

example,

when the discharge valve is throttled, the system resistance curve shift left and so 

does

the operating point.

Figure D.01: Typical system and pump performance curves



Developing a system curve

The system resistance or system head curve is the change in flow with respect to

head of the system. It must be developed by the user based upon the conditions 

of

service. These include physical layout, process conditions, and fluid characteristics. 

It

represents the relationship between flow and hydraulic losses in a system in a 

graphic

form and, since friction losses vary as a square of the flow rate, the system curve is

parabolic in shape. Hydraulic losses in piping systems are composed of pipe friction

losses, valves, elbows and other fittings, entrance and exit losses, and losses from

changes in pipe size by enlargement or reduction in diameter.



Developing a Pump performance Curve

A pump's performance is shown in its characteristics performance curve where 

its

capacity i.e. flow rate is plotted against its developed head. The pump 

performance curve

also shows its efficiency (BEP), required input power (in BHP), NPSHr, speed 

(in RPM),

and other information such as pump size and type, impeller size, etc. This curve 

is

plotted for a constant speed (rpm) and a given impeller diameter (or series of 

diameters).

It is generated by tests performed by the pump manufacturer. Pump curves 

are

based on a specific gravity of 1.0. Other specific gravities must be considered by 

the

user.



Normal Operating Range

A typical performance curve (Figure D.01) is a plot of Total Head vs. Flow rate 

for a

specific impeller diameter. The plot starts at zero flow. The head at this point

corresponds to the shut-off head point of the pump. The curve then decreases to 

a point

where the flow is maximum and the head minimum. This point is sometimes 

called the

run-out point. The pump curve is relatively flat and the head decreases 

gradually as the

flow increases. This pattern is common for radial flow pumps. Beyond the run-

out point,

the pump cannot operate. The pump's range of operation is from the shut-off 

head point

to the run-out point. Trying to run a pump off the right end of the curve will 

result in

pump cavitation and eventually destroy the pump.



In a nutshell, by plotting the system head curve and pump curve together, you can

determine:

1. Where the pump will operate on its curve?

2. What changes will occur if the system head curve or the pump performance 

curve

changes?

Two Basic Requirements for Trouble-Free Operation of Centrifugal

Pumps

Centrifugal pumps are the ultimate in simplicity. In general there are two basic

requirements that have to be met at all the tim es for a trouble free operation and 

longer

service life of centrifugal pumps.

The first requirement is that no cavitation of the pump occurs throughout the

its consequences is very much essential in effective analyses and troubleshooting 

of the

cavitation problem.



broad operating range and the second requirement is that a certain minimum 

continuous

flow is always maintained during operation.

A clear understanding of the concept of cavitation, its symptoms, its causes, and



Cavitaion
Step One, Formation of bubbles inside the liquid being pumped.

The bubbles form inside the liquid when it vaporises i.e. phase change from liquid to vapor.

But how does vaporization of the liquid occur during a pumping operation?

Vaporization of any liquid inside a closed container can occur if either pressure on the

liquid surface decreases such that it becomes equal to or less than the liquid vapor

pressure at the operating temperature, or the temperature of the liquid rises, raising the

vapor pressure such that it becomes equal to or greater than the operating pressure at the

liquid surface.

















General Symptoms of Cavitation and its Affects on Pump Performance

and Pump Parts

Reduction in capacity of the pump:

Decrease in the head developed:

Abnormal sound and vibrations:

• Damage to pump parts:

o Cavitation erosion or pitting

Mechanical deformations

Apart from erosion of pump parts, in bigger pumps, longer duration of cavitation

condition can result in unbalancing (due to un-equal distribution in bubble

formation and collapse) of radial and axial thrusts on the impeller. This

unbalancing often leads to following mechanical problems:

• bending and deflection of shafts,

• bearing damage and rubs from radial vibration,

• thrust bearing damage from axial movement,

• breaking of impeller check-nuts,

• seal faces damage etc.

In short, Cavitation can be termed as “the heart attack of

the pump”.



The Affinity Laws

The Affinity Laws are mathematical expressions that define changes in pump capacity,

head, and BHP when a change is made to pump speed, impeller diameter, or both.

According to Affinity Laws:

• Capacity, Q changes in direct proportion to impeller diameter D ratio, or to

speed N ratio:

Q2 = Q1 x [D2/D1]

Q2 = Q1 x [N2/N1]

• Head, H changes in direct proportion to the square of impeller diameter D

ratio, or the square of speed N ratio:

H2 = H1 x [D2/D1]2

H2 = H1 x [N2/N1]2

BHP changes in direct proportion to the cube of impeller diameter ratio, or the

cube of speed ratio:

BHP2 = BHP1 x [D2/D1]3

BHP2 = BHP1 x [N2/N1]3

Where the subscript: 1 refers to initial condition, 2 refer to new condition

If changes are made to both impeller diameter and pump speed the equations can be

combined to:

Q2 = Q1 x [(D2xN2)/(D1xN1)]

H2 = H1 x [(D2xN2)/(D1xN1)]2

BHP2 = BHP1 x [(D2xN2)/(D1xN1)]3



Specific Speed

Specific speed as a measure of the geometric similarity of pumps

Specific speed (Ns) is a non-dimensional design index that identifies the geometric

similarity of pumps. It is used to classify pump impellers as to their type and proportions.

Pumps of the same Ns but of different size are considered to be geometrically similar,

one pump being a size-factor of the other.

Specific speed as a measure of the shape or class of the impellers

The specific speed determines the general shape or class of the impellers. As the specific

speed increases, the ratio of the impeller outlet diameter, D2, to the inlet or eye diameter,

D1, decreases. This ratio becomes 1.0 for a true axial flow impeller. Radial flow

impellers develop head principally through centrifugal force. 

Radial impellers are

generally low flow high head designs. Pumps of higher specific speeds develop head

partly by centrifugal force and partly by axial force. A higher specific speed indicates a

pump design with head generation more by axial forces and less by centrifugal forces.



NPSHa in a nutshell

In a nutshell, NPSH available is defined as:

NPSHa = Pressure head + Static head - Vapor pressure head of your product –

Friction

head loss in the piping, valves and fittings.

“All terms in feet absolute”

In an existing system, the NPSHa can also be approximated by a gauge on the

pump suction using the formula:

NPSHa = hpS - hvpS  hgS + hvS

▪ hpS = Barometric pressure in feet absolute.

▪ hvpS = Vapor pressure of the liquid at maximum pumping temperature, in feet

absolute.

▪ hgS = Gauge reading at the pump suction expressed in feet (plus if above

atmospheric, minus if below atmospheric) corrected to the pump centerline.

▪ hvS = Velocity head in the suction pipe at the gauge connection, expressed in 

feet.



Minimum Flow
Minimum flow can be

determined by examining

each of the factors

that affect it. There are

five elements that can be quantified

and evaluated:

1. Temperature rise (minimum

thermal flow)

2. Minimum stable flow

3. Thrust capacity

4. NPSH requirements

5. Recirculation

The highest flow calculated

using these parameters is considered

the minimum flow.

TEMPERATURE RISE

Temperature rise comes from energy imparted to the liquid 

through hydraulic and mechanical

losses within the pump. These losses are converted to heat, 

which can be assumed to be entirely absorbed by the liquid 

pumped. The difference between the allowable 

temperature and the temperature at the pump inlet is the 

maximum allowable temperature rise.

Minimum flow based on the shape 

of the performance curve is not so 

much a function

of the pump as it is a function of the 

system

where the pump is placed. A pump 

in a system

where the above criteria are present 

should not have a drooping curve in 

the zone of operation.



The new phenomenon has been discovered that affects the setting of minimum flows. At 

certain reduced flows, all centrifugal pumps are subject

to internal recirculation, both in the suction and discharge areas of the impeller. This

produces pulsations at both the suction and discharge, and the vibration can damage impeller 

material in a way similar to classic cavitations, although taking place in a different

area of the impeller. Each of these effects may dictate a different minimum operating

capacity. Clearly, the final decision must be based on the greatest of the

individual minimums.



Effect of Viscosity

Heavy crude oils can have viscosities high enough to increase the friction drag on a pump’s

impellers significantly. The additional horsepower required to overcome this drag reduces the

pump’s efficiency. Viscosity of most liquid remarkably varies with temperature which is an 

important aspect to be taken into account while determining the effect of viscosity on pump 

performance. The relationship is expressed in following formula.

Losses that affect the performance

of pumps as being of the following

types:

• mechanical losses

• impeller losses

• leakage losses

• disk friction losses

Of all external mechanical losses, disk friction is 

by far the most important, This is particularly 

true for pumps designed with low specific speeds. 

The physics of a rotating impeller and simple 

equation that summarizes the drag force acting 

upon it.



CENTRIFUGAL PUMP
• BEARING CHECK

• Touch the bearing housing and try to hold for 
minimum five sec. If not able to hold ,then 
temperature is in alarming range.

• Check for oil ring rotation . In case ,it is 
stationery, switch over to stand by pump, and stop 
problematic one.

• Check for oil condition ,in case it is blackish , 
flush the oil by pouring from housing breather 
vent, allowing contaminated oil to exit from oil 
cup. 



Centrifugal pump
• Bearing housing breather

DIRTY OIL OUT

CLEAN OIL

Check for vibration .The level of vibration assessment by

freehand check is solely  depends on experience and daily

monitoring of same equipment. If vibration appears to be high 

check for cavitation,partial vapor locking etc. Incase no such problem,

inform  machinist for check up. In case high vibration clubs

with high  bearing temperature, switch over operation to stand by and 

stop the equipment.,specially for light hydro-carbon service.

Check bearing cooling system for proper flow and heat transfer

incase any problem inform maintenance for further action. 



• DO

• Check the lube oil to be sure of right lubricant , 

before putting into housing.

• Incase excessive oil loss check for possible 

leakage or inform rotary section

• Replenish oil in oil cup when ever  found empty.

• Flush the bearing oil if found contaminated.or stop 

the pump &inform rotary section.                                     

Centrifugal pump



Centrifugal pump

• Inform rotary section ,incase very high 
vibration, sudden temperature rise,abnormal 
coupling play. Stoppage of equipment 
advisable,incase stand by available.

• Incase bearing housing deflector found 
loose,inform rotary section,and stoppage of 
pump advisable particularly for 
hydrocarbon service having rotational speed 
above 1500rpm.

•



Centrifugal pump

• DON’TS

• Don’t keep bearing housing breather cap 

• open.

• Don’t put water hose on bearing housing  

for cooling.

• Don’t run the pump  without cooling water 

circulation(where ever applicable) for 

prolong period.

• Don’t run the pump with contaminated oil

•



Centrifugal pump

• MECHANICAL SEAL CHECK

• ELEVATED TEMPARETURE SERVICE 

WITH SELF FLUSHING &STEAM 

PURGING AND STUFFING BOX COOLING

• Ensure flushing  is on  by sensing the temperature 

of the line. It should be hot.

• Ensure flushing line is insulated

• Incase seal smoking, check for proper cooling 

water circulation to stuffing box,flushing flow is 

adequate.             



Centrifugal pump

• Ensure LP dry steam to seal chamber.Flow 
to be adjusted so that, steam does not 
impinge on bearing housing.

• Ensure proper insulation of steam lines.

• Incase of seal puffing check for condensate 
in purging steam, contamination in 
product,inadequate flushing at seal ,periodic 
vapor locking of pump. If no problem 
detected ,inform rotating section for further 
check.                                       



Centrifugal pump
• SEAL WITH EXTERNAL FLUSH /STEAM 

PURGING/STUFFING BOX COOLING.

• Ensure flow of flushing fluid to seal by sensing 

the line temperature  close to seal box.It should be 

less than pumping temperature.

• Quantity of flush should be 3-4liters/min .(ensure 

installation of RO).

• Other observations are same as in previous case .                                                  



Centrifugal pump
• LIGHT HYDROCARBON PUMPS 

(LPG.PROPANE,GASOLINE ETC)

• Check free rotation of pump before starting the 

pump.

• Ensure designed suction pressure,and pump is 

properly primed before starting.

• Incase ECS seal(double mechanical seal),ensure 

vent is connected to flare line with a NRV,and 

pressure alarm is hooked up at control room.Apart 

from this check local pressure gauge on stuffing 

box for any pressure rise.                             



Centrifugal pump

• In case any pressure rise / pressure alarm, 
inform rotary section for check.

• Don’t run the pump if product is leaking to 
atmosphere from any sealing area.

• Incase of tandem seal with pot lubrication at 
outer seal , check the oil level and alarm of 
level switch must be hooked up at control 
room. Incase alarm ,check for high level at 
field ,and inform rotating section for further 
check.                                            



Centrifugal pump

• In case pump is jam due to ice formation on 

mechanical seal( happens due to throttling 

expansion of gaseous LPG / propane  to 

stuffing box when pump is idle.),  treated 

water may be put from out side on gland 

box to remove the ice inside. 

• Don’t try to start the pump if it is found 

jam.

•



Centrifugal pump
• General suggestions 

• Carry out proper priming of pump before start.

• In case vapor lock,  stop  the pump and prime it 

again, before restart.

• Routine Change over of service on standby 

enhances seal and bearing life considerably.

• Check free rotation,  cooling water 

system,lubrication system before start up.

• Monitor running equipment parameters at least 

twice in a shift.                             



• Diaphram pump

• Ensure hydraulic oil in the chamber, before 

start. In case of addition , proper priming to 

be done to remove entrapped air , vapor.

• Keep hydraulic chamber covered to avoid 

ingress of impurities.

• In case of loss of pumping, check,

• hydraulic oil chamber for oil quantity,and 

for any contamination.                  

Reciprocating pump



Reciprocating pump

• Safety valve condition. If  popping check 
for back pressure or inform rotating 
equipment section for checking . Pump 
should be stopped.

• Check strainer at the suction for possible 
clogging.

• Suction valve not closing fully, during 
delivery stroke.This will raise temperature  
at suction valve area marginally.

• Check for discharge line releif  valve 
passing/ pooping.                                



Reciprocating pump

• Check for diapharm rupture. This  case 
service liquid will mix into hydraulic oil.

• Please inform rotating section in case any of 
above said problems noticed. If no specified 
problem found, stop the pump and inform 
rotary section for further check.

• Always open suction and discharge valve 
before starting the pump. Never run the 
pump  with discharge throttled  condition.

•



RECIPROCATING PUMP

• In case of actual back pressure on the pump 

due to high system pressure ,first reduce the 

stroke and watch for safety reset. I n case it 

doesn’t reset stop the pump.

• Ensure gear box oil level is adequate.

• Don’t run the pump ,if vibration is 

excessive.                                          



Rotary screw pumps.

• Don’t start  the pump with discharge valve 
closed condition.

• For heavy hydrocarbon service, pump must 
be properly warmed up,and free rotation 
must be ensured before start.

• Flushing with light oil is advisable before 
and after use of pumps which are in ash 
phault. LSHS service. Don’t use  high sulfur 
diesel as flushing fluid.                    



Rotary screw pump
• Don’t put wet steam to mechanical seal, 

which may create boil over situation.

• While stopping, first stop the pump and 

then close the discharge block valve.

• In case any abnormal noise and vibration 

please inform rotating section for necessary 

checking. 

• In case poor pumping check the following

•



Rotary screw pump
• Check suction strainer for possible 

clogging.

• Check rotation.

• Check for possible releif valve opening.

• Check for abnormal noise and vibration 
,which may happen  in case of high internal 
circulation. Stop the pump & inform 
rotating section for further check.

•



1.  Gland to Pump 

Face 

2.  Over the top of the 

seal.

3.  Under the seal.

4.  Between the faces.

Leak Paths

To control leakage over a range of conditions with reliable and 

stable operation and limited wear.

C A B



Mechanical Seal essentially consists of three components 

:-
1. A rotating component known as seal ring.
2. A stationary component known as mating ring.
3. A spring or composition of multiple springs known as 
compression unit, which produces a face load.

shaft Compression 

unit

Seal ring

Shaft 

packing

Stationary face

Mating ring

Mating 

ring 

packing

Simple mechanical seal



Multiple Seal installations      

ECS Seal



BASIC FEATURES OF ECS SEAL
#Does not require seal lubrication hence complicated 
circuit of pot  
oil lubrication in case of double tandem/back to back 
mechanical seal is eliminated.
#Close control of face loading by controlled bellow design
#Capable of combining with any standard primary seal
#Simple seal performance monitoring system
#Facility to handle toxic hazard through nitrogen purging
# P Pressure range is up to 20 bar and temperature range 
is up to 200 degree C

FUNCTION
In case of failure of in board seal ECS seal contains the 
emission and through a pressure alarm system the user 
comes to know about failure of first seal which facilitates 
proper planning for repair and also avoid sudden emission 
of hazardous fluid.



The G.A FOR ALARM SYSTEM

Pressure alarm setting to be kept 0.5 kg/cm2 higher than 

closed flare header pressure.
Highly suitable for LPG,PROPANE service because of its 
simple operation.

PG PS

From seal

To vapor recovery system

RO

Set @ 1.6 kg/cm2


