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Mine Pumps

Today, we are going to study another type of machines which are used in Mining Industry that
is Mine Pumps. As you know whether it is your surface mining or underground mining, mine

pumps are used and for dewatering, for different other technical jobs as well.
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Pump is a machine that imparts energy to a fluid to flow, ‘
rise to a higher level, or both.

Objective
Study of construction and operation of Mine Pump for
selecting right pump for right job

So, this is; what is a pump? You know that it is a machine that imparts energy to the fluid to
flow and rise to a higher level or boths; both the things can be done. Now, you know that in a

mines, when you are having an open cast mine, we are having a the pit created and all this



rain water as well as some of the underground water, they get accumulated over here so that

two machines to operate will have to keep that water removed.

And also, sometimes you do a hydraulic mining in which by this you make the minerals into
form of a slurry and then, you take that slurry out. So, that is why sometimes you pump a
mixture of solid and liquid and that solid liquid mixture can be of different types. Similarly,
sometimes you transport the machines materials in a slurry form as for example, in
Kudremukh mines, we had this iron ore then grinded to fines and from Kudremukh to

Mangalore port, it was being transported through pipelines.

So, they are the huge applications of pumps. So, there are various pumps used in the mining
industry and this class today, we will be introducing the construction operation of mine

pumps and how you classify them.
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After going through this lesson you will be able to:

* Classify pumps
* Describe the basic construction and principles of reciprocating and centrifugal pump

* Explain the causes and remedies of basic problems of centrifugal pumps

* Initiate additional investigative study on mine dewatering and other pumping
applications




Our objective is to know the basic construction and operations and also, as a mining manager,
you should be able to control that how the mine pump maintenance and their replacements
and their selection for different jobs are done. So, for that reason a mining engineer must have

a very clear understanding of how pump works.

And this lecture, should help you to take up some investigative study on pumps for
dewatering and other pumping operations in mines. So, this will be an introductory class,

where we will be learning about this pumps.

(Refer Slide Time: 02:55)

Why Pumping?

Pumping in mining is required for
+ Dewatering of mine: mine water, Storm water, groundwater Surface Mine dewatering
* Hydraulic Backfilling : slurry

* Tailings disposal

+ Dust suppression

~

Hydraulic Backfilling [1]

o

Tailings to settling pond

(https://www.futurity.org/water-purification-mining-1078752-2/)

Now, you as you show that the diagrams here, we have got different type of situations here.
You can see that this surface mine dewatering that is we are taking from the water out of the

open pit mines.



You can see in this figure that is your in an underground mine, after the mineral is taken out,
the soil need to be filled up with backfilled material and many times slurries and then, sand
mix or some different types of material even fly ash that are sent back to the mines to backfill

it, that operation is also done by pumping.

Similarly, in the mineral processing plant while beneficiating, you are creating a lot of tailings
and those are to be sent to the settling ponds. So, there also you can see that pumping
operations are there. Other than that you can see in many of the mines and then transportation
systems, there is a lot of dust suppression need to be done. So, for the dust suppression

system also, there are pumps.

Other than that, there are pumps in different machines; for the drilling machines that is
sometimes if in oil well drilling, you will be doing the drilling mud will have to be pumped.
Similarly, that you will have to pump out the materials from the drill that blast holes, you
need to; sometimes if you do the pumping with water, then other machines like your shearer

or continuous miner, there also you have got pumps for.

There is a different type of pumps which are called your oil pumps like gear pump and van

pump, we will be discussing those things separately.
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ST pump Technology from the 1400's to 1700
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1782 - lames Watt, invents of the connecting rod-crank mecharism on steam

- piston pumps,
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~ Englishman Sir Samuel Moreland, patents the packed

plunger pump, o positive displacement pump. 1818 -First pump built
inthe U

1687 - French-born inventor Denis Papin is crecited with 1848 - Centrifugal pump improved by the addition of curved vanes.

. dlm'“f‘"ﬁ “{e ""d‘ ""'d """""KI" """"'” Im wh g American, Henry Rossiter Worthington patented the uplex steam
Archimedean Screw Pump, 230 BC straight vanes used for drairing a local canal. oump,

1868 - Stork Pompen of Hengelo, Netherlancs creates tr irst conerete
Volute pump.

1885 - First fuel pump went into service in Fort Wayne, Indiana, USA, 1930
Rene Mnieneau’s thesis leads to the invention of the first progressing
cavity pump.

1947 - First submersible pump is developed by Sixten Englessor in Sweden.

1955 ~ Franz Klaus introduces the first magnetic dive pump.

But you know that there are pumping operations are there in the mining industry. But this
pumps in general is a very very important thing for human society. You may know about the
history of this pumping which started in the that Egyptians in 2000 BC, they used to have this
pump and which some of you might have still seen in some of the interior villages and rural
areas that taking water from the well, there is also some sort of this the basic principle is also

a pumping.

And then, there were you know that in before Christ about 200, Archimedes created that
Archimedean screw pump for which lifting this water. Even now, there are such type of
systems are there in some very small hydel projects that water is lifted and kept at over there

and then, after getting that it is just you can create electricity some small rivulets, they create



a this and say a small dam and on that they take the water by a Archimedean screw pump.

Still today, it is used in many places.

So, you can see the history of development of this pump, it started from this 14th century to
17th century, there were these a different pumps got developed. The first of the centrifugal
pump, it came in 1475 and then, for oil gear pump, it came in 1593. So, there are different
types of innovations and development in this. But you know that the water wheel, that is also

a type of pump which has exactly used in 600 BC in the Egyptians.

Similarly, you can you may Greece people, they also used in 220 BC. At that time, they
developed this piston pump, reciprocating pump or the positive displacement pumps were
generated. So, that is our pumping as a knowledge to human body, human that knowledge, it
was there for the centuries and recently, there had been lot of development in this pumping

system.

As a result, we know now there are a large number of technologies are there. The latest
exactly that in the last century that they are near 1950s and all, that came this submersible
pump and with that submersible pump and then, magnetic drive pump they started being used
in different industry in a different way. So, I hope you will be able to appreciate that such a

technology such a knowledge which is there and we need to know about it.
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Classification of pumps
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And as a result, if you see that in the modern time, the pumps are still going on different
developments. As a result, you can have a large number of varieties of pump which are not
exactly will be discussed in the class and I hope you will be making up your own study some
time and nowadays, information’s are available online from different websites, you just see

that classification of pump.

And at least some of the things which are used our mining industry, you can find, it is like the
sucker rod pump; you might have seen any oil filled diagrams that exactly you can see a big
rod is moving up and down, that sucker rod pump is a very important things. Like that you
may have this is in the agricultural sector, in the fishing sector, in our this mining sector,

mineral processing sector, there are various different types of pumps.



But if you see that all these developed pumps can be broadly classified into two category that
is dynamic pump and positive displacement pump. And under the dynamic pump there, we
can this tell about the centrifugal pump which can be a vertical centrifugal pump or horizontal
centrifugal pump and there a some varieties are there, which are called submersible pump or

there is a fire hydrant systems were also some pumps are used.

Similarly, in the positive displacement pumps, we have got these diaphragm pumps, gear
pump, peristaltic pumps, lobe pumps, piston pumps, many different types of pumps are there.
So, you just have this in your mind that the pump can be classified on the basis of how the
energy is imparted to that; how exactly it is placed, that is your where that the flow will be
axially or it will be a mixed flow or whether it will be going as a peripheral site or this is

exactly by giving as a single cylinder in a reciprocating pump.

Whether you are having a simplex or you are having a duplex pump or a triplex pump even
where three cylinders will be working and then, these reciprocating pumps, whether they will

be single acting or double acting depending on that you may classify.
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How does a pump work?

* Pumps work by creating a vacuum or areas of low
pressure in which ambient air pressure forces the
liquid. The difference in pressure creates suction. A
liquid under higher pressure will move to an area of
lower pressure.

» Ina centrifugal pump, centrifugal force
accelerates the water to the outside of the
impeller creating a low pressure at the eye or Sounce: htps:/ . msg-esp.com/product/pumps-and-spare-pars/
centre of the impeller.

» With reciprocating pumps, the upstroke of the
plunger or piston creates a vacuum.

» In gear pumps or lobe pumps, as the teeth or
lobes mesh then come apart, a vacuum is
created.

So, this part you make yourself a brief note on classification of pump. But coming to this
exactly how a pump works, the basic principle you know that fluid flows from a higher level
to lower level that is you have seen and this, what is the meaning of exactly this higher level
and lower level? It is exactly the pressure differences. It is from a higher pressure; it goes to
the lower pressure. So, that is why if there is no pressure, if you can create a vacuum, then

whole thing will go over there.

So, this that is your creating a vacuum or areas of low pressure is the main thing in designing
and developing a pump. Now, that is why the difference in pressure exactly creates the
suction and in that the fluid starts moving and this one, you can see that in a centrifugal
pump, what they do? They exactly a centrifugal force accelerates the water to outside of the

impeller creating a low pressure at the eye or center of an impeller.



In a centrifugal pump, we will be discussing soon. There is a suction site and there is a
discharge or delivery site. In the suction site, that is where exactly a shaft which is rotating
one device called we call it as an impeller. Now, while this impeller will be rotating, it is here
a negative or that is your a low pressures will be created and the water will be sucked from

here and it will be pushed to and it will go.

Because when it will be going from a smaller area to bigger area, then this exactly the
velocity will drop down and pressure will change. So, this exactly, the basic principle of your
centrifugal pump. Now, there are these other things which are as a reciprocating pump or gear

pump, they work in a differently.
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In a reciprocating pump, we are having exactly if you are having a sump and well, from there

you are exactly taking the water through this reciprocating system to give a reciprocating



system, we have got a crank mechanism. When this crank, when it will be rotating with the
speed of omega, this with an sweeping this one, this connecting rod it will be making a to and

fro motion.

When it will make a to and fro motion, it will give that motion to a piston rod and then, there
are two valves; as a suction valve and one delivery valve. Now, this when it will be going
towards this directions, a low pressure will be created over here, so the water will be move

coming over here.

When it is coming and when it make a move towards again this direction, then this valve get
closed and then, this valve get open and that water which came inside this will be delivered
over here. So, this is a basic principle of your suction pump; but there in between, where we
are having this is your suction head and this is your delivery head or that exactly the pressure

that will be coming into head.

Head is nothing but up to what you can lift the water. Now, there is a air vessel which is
another addition to this so that there could be a uniform discharge is possible. So, the these

are the basic principle of reciprocating pump which you might have studied in your class 12.
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Reciprocating pumps are usually classified by their features:

* Driveend, i.e, power or direct-acting.

* Orientation of centerline of the pumping element, i.e.,

horizontal or vertical.

Number of discharge strokes per cycle of each drive rod,

i.e., single-acting or double-acting.

+ Configuration of the pumping element, i.e., piston plunger
or diaphragm.

* Number of drive rods, i.e., simplex, duplex, or multiplex.

Horzonta ) ~Singeacing]  —Pison Simpiex Reciprocating mud pump
Power Piunger Duplex r = . .
Vot Unoiowdigl} Loihnpm! L= ki Reclprc‘ucatllrl\g pump is mainly used for
Lo « Qi dr||\|ng operations
Horzona Piton Smoien + Pneumatic pressure systems
Mm[ Wlm{ Plunger H + Light cil pumping
Vertcal Dagrragn L~ Duglen « Feeding small boilers condensate

return

Now, these pumps are also can be reciprocating pumps are also of different type. Basically,
they are based on how the power is imported; whether you are having the pump in a
horizontal or it is in a vertical; whether it is a single acting or double acting? That means, in
every stroke, it will be sucking or it will be doing only one sucking and then, one it is giving a

discharging.

That is what exactly a single acting or that depending on the double acting, where you are
having a continuously you are flowing it out. And then, the type of rod or that movement
which is giving the reciprocating whether it is a piston plunger or diaphragm and depending
on that, whether again we are having a simplex, duplex and multiplex type of pumps are

there.



Similarly, that your mainly we have this drive end side, whether power is given directly or
not, then orientations, number of discharge strokes, configuration of the pumping element and
number of drive rods, depending on that this classifications are there. If you see a pump,
particularly we use in the mining industry, that is particularly in the oil industry, we have got

the reciprocating mud pump.

If you go to any drilling site, a oil-well drilling, there you know that the oil-well drilling,
when you are making a drill hole up to 3000-5000 meter deep, there the drill cuttings are to
be taken out by sending mud from the top into the hole and then, the mud comes back. So, for

that, exactly the mud is given this flow.

The flowing of the mud to giving it pressure so that it goes bottom and then, from there it
come back. It is done by that mud pump. So, this is one of the mud pump which is used is a
triplex; triplex mud pump, it is used. It is a reciprocating pump which is for oil drilling
operations. Also, there are in a pneumatic pressures and in light oil pumping and small boiler

feeding also, some of this reciprocating pumps are used.
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Rotodynamic pumps (or dynamic pumps) are a

type of velocity pfjmpip which .kinetic energy is Centrifugal pumps are the most used
addeq to the fluid by increasing the flow pump type in the world, due to simple
velocity.

working  principle  and  relatively

This increase in energy is converted to a gain in inexpensive manufacturing cost.

potential energy (pressure) when the velocity is
reduced prior to or as the flow exits
the pump into the discharge pipe.

Now, this there is the mainly the rotodynamic or which is called your centrifugal. So, there
are two things; one is your reciprocating and other is your dynamic or rotodynamic. So, this is
the case you can see here, this type of diagram whenever you see, you can find out that there

is a reciprocating pump.
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Centrifugal Pump

Rotary element

v ltisfilled with liquid and the impeller is rotated

+ Rotation imparts energy to the liquid causing it to exit the
impellers vanes at a greater velocity than what it had at the
time of entering.

+ This outward flow reduces the pressure at the impeller eye,
allowing more liquid to enter

¢ The liquid that exits the impeller is collected in the casing

(volute) where its velocity is converted to pressure before it

leaves the pump's discharge Static Element

We will be knowing about that how this reciprocatings, the how this sorry that is a centrifugal
pump work? Now, in a centrifugal pump, you have got this impeller and this is a given a shaft

1s there.

This shaft is connected to it is supported on bearing and then, it is through a gearbox or
through directly, it will be driven by a motor or it can be many places, it will be either your
chain drive or it is a bell drive or a gear related your main drive. By that that shaft is rotating

and then, your this impeller will be rotating.

Now, these will be kept under a casing, this casing is called a volute casing. Now, the water

entering over here and then, it will be following the path and it will go and it will get



discharged at this end. You can see here that is initially, this whole thing will be filled with

water and then, impeller will be rotated.

The rotation will impart energy to the liquid causing it to exit the impellers vanes at a greater
velocity than what it had at that time of entering. The velocity which was here and then
velocity which is here, that is your whatever velocity it will be coming, it will its velocity will

be gained over here.

Now, this outward flow reduces the pressure when your velocity is increased mean pressure is
reduced and then, it will enter into the casing. The liquid exits the impeller and is collected in

the casing and then, velocity is converted to pressure before it leaves to the pump discharge.

(Refer Slide Time: 18:03)

Terminology

Head - Head refers to the height at which a pump can raise a fluid and can be calculated from
H (metres)= pressure in kPa/ (9.8 x specific gravity).

Static Suction Head - The vertical distance between the centre line of a pump and the level to which the liquid is
pumped.

Suction Lift - The distance between the level of the where the liquid enters the suction line to the height of the
center line of the pump when the pump is higher than the reservoir.

Vacuum - Defined as any pressure lower than atmospheric. Each pump creates a vacuum into which fluids flow
under atmospheric pressure. Pumps create low pressure or suction in a variety of ways and define the type of
pump.

Pumps that rotate use centrifugal force to accelerate the fluid, creating low pressure in the centre of the impeller.

Positive displacement pumps use plungers, pistons or diaphragms to displace water and create a vacuum using a
linear reciprocating motion of a piston moving in and out of a cylinder.



So, this is a basic system over here. So, in these pumping operations, you should know few
terminology that what we say as a head. Head means, the height at which the pump can raise
a fluid and can be calculated from the equation that pressure divided by 9.8 into that is

acceleration due to gravity divided by specific gravity.

That is how we this determine the head when a pump will be pumping fluids of different
density or different specific gravity. Now, static suction head, this is another important
terminology. It is the vertical distance between the center line of the pump and the level to

which the liquid is pumped.

So, from you have seen in the previous that is your suction head and the in the diagram of
your centrifugal pump, we have shown over here in the other pump diagram, you have seen
here; this is the suction head and this is your discharge head. So, what we get over here that is
your suction lift that is the distance between the level, where the liquid enters the suction line

and then, height of the center line of the pump, when the pump is higher than the reservoir.

So, that from how much exactly you are lifting. And then, the vacuum, it is defined as the any
pressure lower than the atmospheric is a vacuum. Now, each pump creates a vacuum into
which the fluids flow under the atmospheric pressure. Pump creates low pressure or suction
in a variety of ways and that the way it is that suction is created, the vacuum is created that

gives the particular type of pump.
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Parts of Centrifugal Pump

The different parts of the centrifugal pump are listed
below.

1.Shaft
2Impeller
3.Casing
4Suction Pipe

5.Delivery Pipe -
i SHAFT

SHAFT
SLEEVE

IMPELLER

g SUCTION PIPE

CENTRIFUGAL PUMP

So, the positive displacement pump, we have said they use plunger, piston rods and things
like that. So, if we think of a centrifugal pump, where exactly by rotations, we want to create
the suction. So, how this is done? For that, it has got its different components. You can see
here that is there is the that is water is there in a sump. Now, from there, we will have to raise

up to a level.

Suppose, this is our impeller, so up to here, we will have to suction by a suction pipe and
then, in the pump, there is an impeller and then there is volute casing is there, where we are
having the drive motor connected to the shaft and then, it will be giving the delivery head will
be there and then, there will be a delivery pipe from where the water wherever way you want

to use you will be taking.



So, this in a centrifugal pump, these components as you can see there is a motor, this drive
motor, we are having a shaft. Now, this shaft is supported on the bearing and then, there is a
that is shaft sleeve through which it is coming over to the driving shaft for the impeller and

then, there is a delivery pipe, you can see over here.

And then, this is a suction pipe through that this pipe suction which you are seeing, it is
connected to over here and this portion is called the eye of the impeller and you can see now

the impeller and casing which is there that as a volute casing.

(Refer Slide Time: 21:41)

Shaft
+ Itis a central part of the pump which is rotating with
the impeller is connected.
+ The shaft coupled to the prime mover to get the power.
+ The shaft fits with the ball bearing.

Impeller
+ [tis consist of a series of backward curved vanes,
+ Itis mounted to the shaft of an electric motor.
+ Animpeller is a rotating part of the centrifugal pump.
+ Itenclosed in a watertight casing

Casing

+ Itis an airtight passage surrounding the impeller.

« [tis designed in such a way that the kinetic energy of
the water discharged at the outlet is converted into
pressure energy before the water leaves the casing
and enters the delivery pipe.

+ The casing works as a cover to protect the system.

Now, that impeller you can see on this diagram. This is the impeller which rotates over here,

there we are having this vanes which exactly guides the water, where it will be discharged.



And then, there is a volute casing, this impeller is kept inside a casing. So, these two are the
main things and then, the shaft which is exactly the central part of the pump, we have shown
in the diagram and we have you have now understood that this three main component that is

shafts, impeller and casing.

(Refer Slide Time: 22:18)

Volute casing

Impeller

And that exactly in a real life how it will look like. That is you are having the shaft, this shaft
is connecting it this impeller and this impeller is inside this casing. Now, this portion is called
your the impeller eye so that the low pressure the vacuum is created at this point and the
water, the fluid from the suction pipe will be coming over here and then, it will be delivered

through this point. It is coming over here.

You can see here, now this you here is your part is less and then, it is going over here. So,

here that velocity is high and then, it will be going and the pressures will be getting created



over here. So, this basic design that the mechanical engineering, they do and then, this exactly
these were first the people imaginations that how they developed it about 500 years ago, you

can think of this that this is the thing.

Then, of course, the subsequent developments are there, how you are exactly driving it, how

you are giving the prime mover that makes the sense of it.
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The impeller discharges into one volute that
mwraps completely around the impeller.

Single Volute

Double volute casings have two cutwaters
located 180 degrees apart from each other.

The main advantage of a double volute over a single volute is the balancing of radial loads
on the impeller, as the double cutwater construction leads to a more equal pressure
disfribution in the volute. Minimizing the radial load on the bearings over the full op

range can have a significant impact on the lifetime of @ pump, since bearing failures are the
second mosf common reason for pump failures, However, a double volute adds additional
hydravlic resistance.

So, that casing which we say that volute casing in a pump, it can be of two types; one can be a
single volute type as you can see here or it can be a double volute type. In a single volute, you
can see here that is the water is taking a total turn and then only at one point, it is discharging

to this point which is there at a little bit higher diameter.



You can see the volute casing, gradually the space increases. You can see here while drawing
your volute casing, this snail like structures, here that is your width, here the diameter get
increased. Now, this portion which is called your reversing, here exactly you go and then
deliver the things. Now, in case of a double casing, you can see that this water from the
impeller is discharged at two points which are 180 degree apart. You can see here and then,

this will be going to out.

So, this they have got different that advantages. So, the main advantage of the double volute
over the single volute is the balancing of the radial loads. Because when it is coming only
over here and you know that in a pump basically on the shaft, it is a cantilever type of; at one

end, we are having the load.

So, that is why on the bearing, there will be a different loads come so that in making it, a this
is your double volute, it will be exactly having a balancing action or the radial loads on the
impeller as well as on the shaft. So, this. Now, you can see that the minimizing the radial load

on the bearing over the full operating range can have a significant effect on the life of the

pump.

Mainly, the pump there that pump get damaged at the that their bearing or at the impeller;
sometimes that impeller, there is one phenomena called cavitations lot of pitch formations
over there. We will be discussing about that. Because how a at this point that your eye point
on this impeller when the water gets sucks in, after that there is a if the that is your depending

on the pressure conditions and that fluid conditions, there could be a bubble formations.

And that bubble when they collapse; then, on the impeller they will be doing a pitting actions,
which is called the cavitations which can get create a problem. So, this mainly, the impeller

and the bearing they get damaged in a centrifugal pump.

Now, so far as the bearing damage is concerned, it can be improved by balancing the loads.
So, you know there is the constructions, the type of constructions, or the components of a

pump that exactly affects their operating life.
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Diffuser casing l I\

A diffuseris actually a series of vanes surrounding the (i \
impeller which accepts the discharge of liquid from ‘\ V N WA
the impeller. It efficiently reduces the velocity and, in ‘ |’
the case of a multistage pump, directs this lower N
velocity fluid into vaned return channels which guide e
the liquid fo the inlet or eye of the next stage

impeller. i X N
P « Diffuser casings are commonly used for vertical

turbine and multistage, high-head pumps for
maximum pump reliability aond where high
I efficiency is of major importance.

| « In the diffuser type, the impeller discharges into a
? uniform ring of nozzles, and consequently the
radial loading on the impeller is fully balanced

\ : b
(meaning zero radial load over the full flow range).

So, depending on what is the size, what type of load, you will be having that need to be seen.
Now, there is also that casing which we have got a say single volute or double volute and then

impeller. We have seen other than the impeller there is another things some diffuser casing.

In this casing, so you can see here in a volute casing, this is that only the impeller with a vane;
but sometimes that we are having some static blades are there. So, this will be only adding
into the flow, it will be deciding on that flow. So, this diffuser casing, it is actually a series of

vanes surrounding the impeller which accept the discharge of liquid from the impeller.

It efficiently reduces the velocity and the case of a multistage pump directs the lower velocity
fluid to a vaned return channels. So, you can this diffuser has got a big role in your multistage

pump. So, basically the diffuser casings are used for vertical turbine and multistage high head



pumps for maximum pump reliability. So, this you now know that the casings are of three

types then; single volute, double volute or with a diffuser.
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Suction Pipe with a Foot Valve and Strainer

« The suction pipe has two ends.

+ One end is connected to the inlet of the pump and the other

dips into the water in a sump.

A foot valve fits at the lower end of the suction pipe. The foot

valve is the one-way type of valve which only opens in an

upward direction.

+ Astrainer is also fitted at the end of the suction pipe to
prevent the entry of foreign bodies into the suction pipe.

Delivery valve

+ The delivery valve has two ends.
+ One end is connected to the outlet of the pump and the
other end delivers the water at a required height.

Now, the suction pipe or the foot valve and strainer that is also another part of this. Exactly
the suction pipe below it, all the fluid will be sucked, at there we need to keep a strainer so
that some grease and then the that particle, solid particles do not come into the pump because

they may cause the damage to the pump.

And then, after that the last component is your delivery pipe that is from where from the
immersive part of the volume casing, it is connected to the delivery and or the delivery pipe

which takes the water to the delivery site ok.
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Types of Casings in Centrifugal Pump
1 Volute casing.
2\ortex casing.
3.Casing with guide blades.

1. Volute casing (Spiral casing)
It is surrounded by the impeller. Such a casing provides a
gradual increase in the area of a flow thus decreasing the
velocity of water and correspondingly increasing the !
pressure.

So, we summarily, we have got this volute casing, vortex casing and casing with a guided
blades. What is the name of the guided blades? We have said there are we have got this

diffusers casing, these are the main casing types.
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—_— Blade velocities at inlet and outlet are U; and U,

Fluid velocities at inlet and outlet are V, and V,

V, >V, due to energy addition to fluid

And then, you can see here basic principle that is your when your it is entering, this blade
velocity is at inlet and then at the outlet. You can see that they are tangentially going, but that
velocity is getting increased. So, that there are two things; one is the blade velocity and other

is your fluid velocity.
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The work required for changing inlet velacity condition to outlet is given by the equation

W=pQUyVy, - UyiVy,)

/
JA
Q= flow rate
V= tangential velocity component of flow
AL b
e
[T /
W =pQU,Vy,
The head rise: 1
h=-UVg
)

Now, that one thing is there that your this these two, they make this exactly the principle by
which that our centrifugal pump will be working. Now, the two work required for changing
the inlet velocity conditions to outlet, this is given by this. This is total work done. Now, for
that, what we can see that the total head rise, what will be here because this V 1 will not be, it

will be that entering at that time radially.

So, this angle will be 0. So, as a result, your this work will be coming equal to this much. So,
therefore, the head rise can be calculated as that is your the product of the component of this

which is there in this directions.
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The work required for changing inlet velacity condition to outlet is given by the equation

W=pQ(UVy,—UiVgy)

/v
Q= flow rate !
V= tangential velocity component of flow
‘\ v W For centrifugal pump inlet velocity will be parallel to radius, hence
I tangential component Vi, will be zero

W =pQUy,Vy,

The head rise:

h-IUV
gz

<

So, now, this shows here how you can exactly if your because this centrifugal pump, the inlet

velocity is parallel to the radius. Hence, this tangential component V theta becomes 0.
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Head rise in meter of fluid v,
Head rise in terms of flow
Out let blade angle  can be determined V.2 rate:
in terms of velocities b LL-V“———”—U*
; s N ]
Flow rate through impeller is given : . U% Uycoth,
} \ T g 2mmbyg
UV N [
cotf, = T NY/& S
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\
B — |

Flow rate is flow rate times radial velocity

Q = 27"'2 bz Vrz )

And then, you can calculate it out that in a meter of fluid, how much will be the outlet blade,
if the outlet blade angle will this will determine that exactly what will be the flow rate
coming. That means, a centrifugal pump depending on this blade angles and that your total
work done on the fluid will be deciding, what will be the flow rate over there. So, while doing

this that head rise in terms of that flow rate is calculated as given here.
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Flow vs Head
B, <90

B,is 90 B,>90

N &

) ) ;
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Forward Curved Blades

Backward Curved Blades
Radial type

So, these theories of pump is very very essential to determine exactly how it will behave
under different conditions. So, now, you have got this. The casings if it is the blades are
curved that is your beta 2 is less than 90 degree and if that radial blades are set when your this
beta 2 is 90 degree and then, forward curved blades that is the impeller of centrifugal pump

can be of this three type; forward curve that is your radial curve and backward curve.

Now, in that that head, in case of your backward curve, it just goes down that is the quantity
increases your head decreases; but in case of forward curve as the quantity increases, your
head that is your head increases as the quantity increases. Now, this phenomena will be

having an impact on the what will be the motor power required to drive the pump.
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Forward curved blades are most
preferred.

In Backward curved blades
— Cx motor may be burnt!

1 dim s

Power consumption stabilizes with flow Increases linearly 5 ‘

You can see here that motor power consumptions as because this in these ones as your flow is
decreasing, that is why your total power consumptions it gets stabilized after some time and it
reduces. But in case of your radial, there will be exactly power will be going on increasing

and this case for your in this case, this will be increasing exponentially.

That is why, now, if we ask that which type of that is your, we will be selecting for a
particular use. If this power increases like this with a increase of quantity, when we will be
trying to get more quantity; that means, motor will get burnt. So, best way will be for the

motor to give a better service for we will have to have this our backward curve.



So, this is the in backward curve blades, motor may be burnt; that is why we will not use this
type of that is your blades. We will have to use this type of blades. So, this forward curved

blades are the most preferred.
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For an 1800 RPM pump find the impeller diameter necessary to develop a head of 75m.

Velocity required to develop a head of 75m :

Vi=2gh
=2x9.81x75 =1,471.5
V =38.36 m/sec

Impeller rotation per sec= 1800rpm/60 =30RPS

Now determine distance travelled by a point on the impeller rim in a single rotation: 38.36
m/sec /30 rotations per sec=1.278 m per rotation. This is the circumference of the impeller.

Diameter = circumference / 1
=1278/3.1416 m= 407mm

Thus an impeller of 407 mm will produce a head of 75 m

Now, if you see that exactly how you determine the heads. So, that is the velocity required for
developing a head of 75 meter if we ask if that if your the what that your pump is moving at
1800 rpm, then what will be the that impeller diameter? How will you calculate it out? You
know that this is velocity simple Newtonians our velocity calculation, your that initial

velocity at that time 0.

So, your V square is 2gh. So, that is what is that velocity required to develop a height, you

can find out; that is for height is 75 meter means velocity is this much. Now, impeller is



rotating at 1800 rpm means, 30 rotation per second. Now, if with how much distance one

point that fluid will be going?

That will be the circumference of the impeller. So, from there, we can find out that is your
this much meter, it is rotating; one point is rotating this much meter. If that is the
circumference, then we can find out the diameter. This will be 407. So, that is why when you
are selecting a pump, if you know that what type of that your motor that is your pump rpm is

given.

From there, you can see if you know their diameter, you can find out how much you can lift

that. Then you can find out for your required specification, that pump is giving proper or not.
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Multistage Pump

A multistage pump is a type of
pump which contains 2 or more
impellers which may be of the same
or different types

TODELIVERY
4 pipe
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So, this is a very simple calculations by which by reading the specification of the pump
designer, you can find out how to select and then, there is a different if you need now more

head to be done at the high capacity to be given, one stage will not do.

There can be number of impellers and then, the first impeller giving it to the second, third and
then ultimately, that head can be created and can be provided over there. This type of system

is called your multi stage pump.
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Operational difficulties in centrifugal pump

(1) Pump fails to pump the liquid

Cause Remedy

() Improper priming, due to leakage in | (a) Repair or replace the foot valve;

foot valve or incomplete filling prime properly
(a) Head 2 design head (a) Reduce the head or change the
pump

() Clogging of impeller vanes, suction | (a) Clean the suspected part

pipe or strainer
(a) Suction lift is very high (a) Reduce the height of the pump
above the sump

(a) Speed < design speed (a) Connect another prime mover
of higher speed
(a) Change the direction

(a) Direction of rotation of impeller is

wrong

Now, this centrifugal pump, it has got a number of problems may be there that there are some
causes and remedies, you need to study. Say what could be there? The pump fails to pump the
liquid, no pumping is taking place that will be improper priming. Priming is that when I said

at the beginning for that centrifugal pump to operate, there all that your that inside that



casings it will have to will have to keep water filled and then, only you do that is called your

priming.

So, what you will have to do? That means, you cannot do the priming; that means, the valve
can that it is not working. So, the foot valve that is your valve at the suction site could be a
problem like that if you know the, that operational principle, you can find out the where is the
fault. Now, head is more than the design head that is why you cannot get it there. So, you will

have to reduce the head.

Then, clogging of the impeller vanes may be there a region, then you have to clean it. Suction
lift is very high. Then, also it will not give the suctions that is you cannot suck it there. Then,
if the speed is less than the design speed, then also it will not work. Direction of the rotation

of the impeller if it is wrong, then it will not do.
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() Pump does not provide the required quantity

Cause Remedy
(a) Leakage of air through suction | (a) Check & stop the leakage
pipe joints or through gland

packing
(b) Damage to some parts of the (b) Replace the damaged
pump by wear and fear parts

(¢) Clogging of impeller passages (¢) Clean the impeller




So, such type of problem will be there or that pump does not provide the required quantity. In
that case, leakage may be there a case then damage to the some of the parts of the pump. So,
you will have to do a investigations. The clogging of the impeller process, then also you will

have to clean and do the operations.
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() Pump has poor efficiency

Cause Remedy
(a) Higher than design speed (a) Reduce the speed
(b) Low head & higher discharge (b) Reduce discharge by
throttling
(c) Impeller touching the casing or | (c) Carry the necessary
improper shaft alignment Tepair

Important features of Mine Dewatering pumps

(1) Solids handling capability - silt, sand & fine rock particles (Abrasion resistant  material)

() Acidic Mine water handling

3) Portability — onset of flooding can be dramatic

(4) Automatic operation flexibility - Diesel driven or electric driven with automatic controls with
variable frequency drive (VFD) = programmed to ramp-up the speed to the required level

(5) To have sufficient space around for maintenance

+ Close-coupled - need no shaft alignment
¢ Ready-stock of parts

So, some problem may be of the efficiency; efficiency means, more power is getting
consumed, then it is exactly whether you are running it with a proper design speed or not and
then, your whether the head and things are designed accordingly or not. A detailed
investigation can be carried out and you can get into that how that your pump can be running

in a good thing.



So, in a nutshell, what your just this is an introduction that you will have to collect and study

and see it is working and then, only you can do it over here.
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So, what I request you kindly go through the references and also, make a notes on how you
will be doing an investigations of a pumping problem in different things. So, you need to
study what are the various point of application of pumps in mining industry and what type of
pumps are being used there and how to investigate the pumping troubles over there. So, this is

an assignment, if you do, you will be able to learn on this.

Thank you very much.



