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Q1. Explain slurry types of pumps.      

Ans:- There are three main types of pumps that are used for slurry pumping: 

 Horizontal slurry pumps 
 Vertical slurry pumps 
 Submersible slurry pumps 

Horizontal slurry pumps 

Horizontal slurry pumps are often called dry mounted because the hydraulic end 
and the drive unit are located outside the sump. It is the most common type of 
slurry pump and they are available for a wide range of head and flow conditions 
and material options. 

These types of pumps normally use standardized electrical motors and seals. In 
plants where there is a risk of flooding, there can be reasons for replacing a dry-
mounted horizontal pump with a submersible, slurry pump. 

Vertical slurry pumps 

Vertical Slurry Pumps can be subdivided into two main groups: 

 Tank pumps 
 Cantilever sump pumps 

Tank pumps are considered dry installed pumps. The sump is incorporated in 
the pump. The open sump and vertical inlet prevent air blocking and give 
smooth operation. There are no submerged bearings or shaft seals, but quite a 
long shaft overhang from lower bearing to the impeller. 



 

Cantilever sump pumps are considered semi-dry installed, as the hydraulic end 
is lowered into the slurry, but the drive unit and support structure are dry 
installed. Similar to tank pumps, there are no submerged bearings or shaft seals, 
but a long shaft overhang. 

These types of pumps are mounted with a base plate over the sump. Cantilever 
pumps have a number of disadvantages which make them suitable for 
replacement with submersible pumps: 

 Long distance between motor and hydraulics makes the pump bulky to handle. 
 Limited access to the sump. Problems with sediment build-up can occur when 

used in sumps deeper than 2 m (6 ft.). 
 Not waterproof - flooding will damage the motor. 
 High noise level. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Q2. Special types of pumps used in mines. 

 

 



 

 

 
 
Q3.Explain headgear arrangements with diagram. 

Ans:- Headgear:It is a steel or concrete framework on the mouth of the shaft. The 
purpose of headgear is to: a) Support the headgear pulley, the weight of cage, 
ropes & rope guides. b) Guide the cage to banking level. The headgear consists of 
four girders inclined towards the centre of the shaft at an inclination of 1 in 8 to 1 
in 10. A network of steel girders joins these four girders to each other. Two real 
legs situated towards the winding engine room are connected to the headgear to 
prevent its building. This rear legs are also used as ladder way. Two headgear 
pulleys are installed at the tope of the headgear & a bell plate is installed below 
the headgear pulley. c) These types of headgears are used in drum winding & are 
known as six legs tied headgear. d) Four-leg Headgear: This type of headgear is 
used in friction winding. The construction is same as that of six-leg type headgear 
but only the difference is that it does not have two rear legs. e) Two-leg 
Headgear: It consists of only two legs inclined towards the shaft. The headgear 
pulley is installed on a cross member mounted between two legs. This type of 
headgear is not used. 



 

 

                        Diagram:  Headgear  arrangements 

 

Q 4. Types of pumps,their application,construction ,maintainance and selection. 
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MINE PUMPS

 

Applications of Pumps in a Mine 

1. Dewatering from the main sump. 

2. Removing water from the face to make them workable. 



 

3. Pumping slurry into the mine from sand stowing plant. 

4. Circulation of water in mineral processing plants. 

Water supply to the colony for household purpose.  
Requirements of pumps 

1. For dewatering from main sump, the pump should be able to raise a large quantity of water 
through a large head. The pump handles almost the clear water. 

2. For removing water from the face, the pump should be able to handle a small quantity through 
a large head. The pump is required to handle water mixed with dirt and air bubbles etc. 

3. For handling slurry, the pump should be able to handle water mixed with sand. The quantity of 
slurry is usually large and requires to be moved through large heads. 

4. The mineral processing plants require  a large quantity to be moved through a small head. 

Classification of Pumps 

1.  Turbine Pumps 
2. Reciprocating pumps,  Roto Pumps    
3. Pantoon Pumps  
4. Centrifugal Pumps  

The mine pumps; based on their operating principles can be classified as follows: 

1. Rotary Pumps: 

a. Centrifugal pumps 

b. Turbine pumps 

2. Reciprocating Pumps: a. Mono pumps 

3. Roto pumps  

Difference between a Turbine  and a Centrifugal pump 

• A centrifugal pump has only one impeller whereas the turbine pump has more than one. The 
maximum number is ten. The head developed by one impeller is 30 m (approx.) depending on 
the design parameters. 

•  The pump does not have a balancing disc whereas the turbine pump has a balancing disc. 

•  The centrifugal pump has a volute casing whereas the turbine pump has diffusers.  



 

Terms used in pumps 

a. Capacity: 

Capacity means the flow rate with which water is moved or pushed by the pump to the desired point in 
the process. It is commonly measured in cubic meters per hour (m3/hr). For a mine pump it depends 
upon the following: 

• Size of the inlet and outlet sections of the pump. 

• Impeller size 

• Impeller rotational speed (RPM) 

 

b. Head: 

The pressure at any point in a water can be thought of as being caused by a vertical column of the water 
due to its weight. The height of this column is called the static head and is expressed in terms of metre 
of water. 

• The head is not equivalent to pressure. Head is a term that has units of a length and pressure 
has units of force per unit area.  

• The main reason for using head instead of pressure is that the pressure from a pump will change 
if the specific gravity (weight) of the water changes, but the head will not change. 

•  Since any given pump can move a lot of different fluids, with different specific gravities, it is 
simpler to discuss the pump's head and forget about the pressure. 

Static Suction Head (hS) :  

Head resulting from elevation of the water relative to the pump center line. In case of mine pumps, the 
water level is below pump centerline, therefore hS is negative. Negative hS condition is commonly 
denoted as a “suction lift” condition 

Static Discharge Head (hd):  

It is the vertical distance in metre between the pump centerline and the surface of the water in the 
discharge tank. 

(m/s)dischargeofVelocity)(mArea/s)(mCapacity 23 



 

 

• Friction Head (hf):  

The head required to overcome the resistance to flow in the pipe and fittings. It is dependent 
upon the size, condition and type of pipe, number and type of pipe fittings, flow rate, and 
nature of the water. 

• Velocity Head (hv): 

 Refers to the energy of a water as a result of its motion at some velocity ‘v’. It is the equivalent 
head in metre through which the water would have to fall to acquire the same velocity, or in 
other words, the head necessary to accelerate the water. 

• Pump input or brake horsepower (BHP):  

It is the actual horsepower delivered to the pump shaft. 

• Pump output or hydraulic or water horsepower (WHP): 

 It is the water horsepower delivered by the pump.  

Turbine Pump 

Working Mechanism: 

The purpose of a turbine pump is to convert energy of a prime mover (a electric motor or turbine) first 
into velocity or kinetic energy and then into pressure energy of a fluid that is being pumped. The energy 
changes occur by virtue of two main parts of the pump, the impeller and the volute or diffuser. The 
impeller is the rotating part that converts driver energy into the kinetic energy. The volute or diffuser is 
the stationary part that converts the kinetic energy into pressure energy. 

• Generation of Centrifugal Force 



 

The water enters the suction nozzle and then into eye (center) of an impeller. When the impeller 
rotates, it spins the water sitting in the cavities between the vanes outward and provides centrifugal 
acceleration. As water leaves the eye of the impeller a low-pressure area is created causing more water 
to flow toward the inlet. Because the impeller blades are curved, the fluid is pushed in a tangential and 
radial direction by the centrifugal force. Figure on the next slide depicts a side cross-section of a turbine 
pump indicating the movement of the water. 

Water Flow Path inside a Turbine Pump 

 

• Conversion of Kinetic Energy to Pressure Energy 

The amount of energy given to the water is proportional to the velocity at the edge or vane tip of the 
impeller. The faster the impeller revolves or the bigger the impeller is, then the higher will be the 
velocity of the water at the vane tip and the greater the energy imparted to the water. This kinetic 
energy of a water coming out of an impeller is harnessed by creating a resistance to the flow. The first 
resistance is created by the pump volute (casing) that catches the water and slows it down. In the 
discharge nozzle, the water further decelerates and its velocity is converted to pressure according to 
Bernoulli’s principle 

Therefore, the head (pressure in terms of height of water) developed is approximately equal to the 
velocity energy at the periphery of the impeller expressed by the following well-known formula: 

 

Where, H is velocity head, m; V is velocity in m/s and g is acceleration due to gravity  

 

Where, D is diameter, m; N is RPM  

General Components of Turbine Pumps 

A turbine pump has two main components: 
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a. A rotating component comprises of an impeller and a shaft 

b. A stationary component comprises of a casing, casing cover, and bearings. 

Impeller: 

 The impeller is the main rotating part that provides the centrifugal acceleration to water. An impeller is 
a circular metallic disc with a built-in passage for the flow of fluid. Impellers are generally made of 
bronze,  polycarbonate, cast iron or stainless steel, but other materials are also used. 

They are often classified in the following ways: 

i. Based on the direction of flow of water with reference to the axel of rotation 

•  Radial flow     

•  Axial flow   

•  Mixed flow 

ii.  Based on suction type 

 Single-suction: water inlet on one side. 

Double-suction: water inlet to the impeller symmetrically from both sides. 

iii.  Based on mechanical construction 

• Closed: Shrouds or sidewall enclosing the vanes ( used on water pumps as the vanes totally 
enclose the water. This prevents the water from moving from the delivery side to the suction 
side, which would reduce the pump efficiency.) 

• Open: No shrouds or wall to enclose the vanes. 

• Semi-open or vortex type. 

• Closed impellers require wear rings. Open and semi-open impellers are less likely to clog, but 
need manual adjustment to the volute or back-plate to get the proper impeller setting and 
prevent internal re-circulation. Vortex pump impellers are great for solids and "stringy" 
materials but they are up to 50% less efficient than conventional designs. The number of 
impellers determines the number of stages of the pump. A single stage pump has one impeller 
only and is best for low head service. A multi-stage pump has two or more impellers in series for 
high head service. Figure on the next slide shows impellers 



 

 

O Wear rings: Wear ring provides an easily and economically renewable leakage joint between the 
impeller and the casing. clearance becomes too large the pump efficiency will be lowered causing heat 
and vibration problems. Most manufacturers require that you disassemble the pump to check the wear 
ring clearance and replace the rings when this clearance doubles. 

1. Casing 

Casings are generally of two types: volute and circular. The impellers are fitted inside the casings. Volute 
casings build a higher head; circular casings are used for low head and high capacity. 

A volute is a curved funnel increasing in area to the discharge port. As the area of the cross-section 
increases, the volute reduces the speed of the water and increases the pressure of it. A volute casing is 
generally fitted on a single stage/two stage pumps 

• Circular casing have stationary diffusion vanes surrounding the impeller periphery that convert 
velocity energy to pressure energy. Conventionally, the diffusers are applied to multi-stage 
pumps. The casings can be designed either as solid casings or split casings. 

• Solid casing is a design in which the entire casing including the discharge nozzle is one casting or 
fabricated piece. A split casing has two or more parts fastened together. When the casing parts 
are divided by horizontal plane, the casing is described as horizontally split or axially split casing. 
When the split is in a vertical plane perpendicular to the rotation axis, the casing is described as 
vertically split or radially split casing. Casing Wear rings act as the seal between the casing and 
the impeller. 

Shaft: 

• The basic purpose of a centrifugal pump shaft is to transmit the torques encountered when 
starting and during operation while supporting the impeller and other rotating parts. It must do 
this job with a deflection less than the minimum clearance between the rotating and stationary 
parts. 

 



 

Suction and Discharge Nozzles: 

The suction and discharge nozzles are part of the casings itself. The suction nozzle is located at 
the end of, and concentric to, the shaft while the discharge nozzle is located at the top of the 
case perpendicular to the shaft. The diameter of suction is more than that of the diameter to 
ensure that the water always flows full-bore in the delivery. The maximum head of suction is 6-7 
m.  

Seal Chamber and Stuffing Box 

Seal chamber and stuffing box are, either integral with or separate from the pump case housing that 
forms the region between the shaft and casing where sealing media are installed. When the sealing is 
achieved by means of a mechanical seal, we call it as a seal chamber. When the sealing is achieved by 
means of packing, then it is referred to as a Stuffing Box. Both the seal chamber and the stuffing box 
have the primary function of protecting the pump against leakage (of water and air) at the point where 
the shaft passes out through the pump pressure casing.  

Valves 

• Different valves and their functions: 

• Foot valve: It is fitted on suction pipe  and prevents water from returning to the sump. 

• Main valve: It is fitted on the delivery pipe. Used for controlling the flow. 

• Retaining valve:  It is fitted on the delivery pipe. Used for retaining the water if the pump stops 
when the main valve is open. 

• Bye-pass valve: It is fitted on delivery side. Used for priming the pump by the water from 
delivery pipe. 

• Air cocks: Fitted on the pump. Used for releasing the air during priming. 

Pipeline 

• The Pipeline can be of MS or CI. 

• The MS has a high tensile strength. Therefore has a less weight and are thinner. 

• Easy to handle, ductile, less liable to break because of shock loads. If the alignment is slightly 
improper, it hardly matters. Easy to thread. Because of thinness, more susceptible to corrosion 

•  CI pipes are used in corrosive environments. 

• The diameter of the pipe depends upon volume of the water to be handled. 

• The thickness depends upon the nature of material, diameter of pipe and head to be overcome. 



 

 

  

 

 

Laws of Turbine pumps 

1. Capacity, Q changes in direct proportion to impeller diameter D or to speed N i.e. Q α D (or N). 

2. Head, H changes in direct proportion to the square of impeller diameter D or to speed N i.e. H α 
D2 (or N2). 

3. BHP changes in direct proportion to the cube of impeller diameter D or to speed N i.e. BHP α D3 
(or N3) 

4. When both diameter and speed change then  



 

Q α (DN);  H α (DN)2;  BHP α (DN)3 

These equations hold good under the conditions of constant efficiency. 

Characteristics of Turbine Pump 

 

Explanation of curves 

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  cavitations and eventually 
destroy the pump.  

As the quantity increases the efficiency of the pump also increases. The pump delivers water at 
maximum efficiency in the conditions which are defined by the operating point. Any minor variation in 
this regard will not change the efficiency of the system. However, it is clear from the plot that the pump 
must be operated at its designated operating point for obtaining maximum efficiency. 

With the increase in the quantity that is handled by the pump, the requirement of power increases in 
direct proportion, that is why the curve is a straight line.  

• You are using a variable speed motor trying to produce a flat curve. Remember that both the 
head and capacity change with speed.  

• The pump is of the wrong size. Someone gave the pump distributor a wrong system curve  

•  



 

Problems on suction side!! 

• There is too much piping between the pump suction and the sump.  

• There is an elbow too close to the pump suction.  

• A filter or strainer is clogged.  

• Intermittent plugging of the suction inlet. Loose rags can do this.  

• A foot valve is stuck  

• Solids have built up on the piping walls.  

• The piping was collapsed by a heavy object that hit the outside of the piping. 

• A foreign object is stuck in the piping It was left there when the piping was repaired.  

• A reducer has been installed upside down. 

• The pump capacity is too high for the tank volume.  

• Multiple pump inlets are too close together.  

• The suction lift is too high. 

• Air is coming into the system through valves above the water line or gaskets in the piping.  

• Air is being pumped into the suction piping to reduce cavitation problems  

• The fluid is vortexing at the pump inlet because the sump level is too low. 

DISCHARGE SIDE OF THE PUMP INCLUDING THE PIPING  

• Extra piping has been added to the system to accommodate extra storage capacity.  

• A bypass line has been installed in the pump discharge.  

• Piping or fittings have been added to the discharge side of the pump.  

• A gate valve has been substituted for a globe valve in the discharge piping.  

• A check valve is stuck partially closed.  

• The piping was collapsed by a heavy object that hit the outside of the piping.  

• The discharge valve is throttled too much.  

• There is a restriction in the discharge piping.  



 

• Extra pumps have been installed into the existing piping They are connected in parallel, but are 
not producing the same head.  

• Two pumps are in parallel. The larger one is shutting the check valve of the smaller pump.  

• Two pumps are in connected in series. The first pump does not have enough capacity for the 
second pump. They should be running at the same speed with the same width impeller  

• The pump discharge is connected to the bottom of the tank. The head is increasing and the 
capacity is decreasing as the tank fills.  

• You may need a concentric casing rather than the volute design.  

• You are using a variable speed motor trying to produce a flat curve. Remember that both the 
head and capacity change with speed.  

• The pump is the wrong size. Someone gave the pump distributor a wrong system curve  

Axial Thrust 

Reason for axial thrust: 

 The axial thrust occurs because the water under pressure leaks into the space between the 
impellers and their enclosing diaphragm. The area exposed on delivery side is more than that on 
suction side. So that an out-of-balance thrust is set up which is directed towards the suction. 

 Axial thrust = Difference between two areas × Pressure per unit area in the clearance space          
× No. of impellers 

Balancing Axial Thrust 

The thrust can be balanced in one of the following ways: 

1. In centrifugal pump by using a double entry impeller. 

2. In two stage pump; the impellers can be put back-to-back. 

3. By using a thrust bearing 

4. By using a balancer disc 

Balancing disc 

• The balancing disc is keyed near the delivery end of the shaft  and revolves in close contact with 
a seat fixed to the delivery chamber. 

• It consists of a CI balancing disc fixed on and revolving with shaft and a bronze seat fixed to the 
delivery cover. 



 

• The disc revolves in close contact with the seat but does not touch it hence there is a clearance 
space in between. 

• The chamber between the disc and the seat is supplied by the water under pressure from the 
last impeller through clearance between shaft and central bush in the delivery cover.  

• The axial thrust towards the suction causes the clearance to close up causing less water to leave. 
This causes the pressure to increases until the axial thrust is balanced. 

• If the thrust decreases; then the chamber opens up causing the water to flow out till the 
equilibrium is restored. 

 

Reciprocating Pump 

 

 

 

Reciprocating Pump 

 



 

The essential parts of a reciprocating pumps are: 

• Piston 

• Cylinder 

• Inlet and outlet valves ( Opening one-way) 

 All the parts are made of steel and the piston is surround by rubber rings to prevent the leakage 
of water across it. Depending upon the pumping action, the pumps are known as single acting and 
double acting pumps. 

In single acting pump the water is pumped out in forward  stroke whereas in duplex pump the 
pumping action takes place in both the strokes causing an increase in the pumped quantity. The 
length of the stroke is equal to twice the diameter of the crank wheel 

Construction of Roto Pump 

• The pump is used for dewatering the faces. The pump is electrically driven, rotative and 
valveless and has head upto 8 m.  

• The parts of the pump are: 

• A rubber stator which has a double internal helix. The stator is push fit in a machined cast iron 
barrel. The stator is made up of natural or synthetic rubber. 

• A single helical rotor of abrasion-resisting or non-corroding steel. 

Other items like pipelines ( 19 mm to 75 mm) and driving arrangements. The pump does not require 
any foundation and can work even vertical 

Roto Pumps 

 



 

Action of Pump 

• The pump is an eccentric screw type. Rotor has a circular section and is eccentric to axis. The 
pitch of the stator is double of the rotor. The rotor moves back and forth in the stator. The rotor 
maintains a constant seal against the stator. When the rotor rotates, the cavity in between the 
stator and rotor moves from suction to delivery. The water caught in between the rotor and 
stator moves ahead in a metered flow and forced out of the delivery.  

Benefits of Roto Pump 

• Long and trouble-free service life: : Due to absence of metal to metal contact between the 
pumping elements.   Can even run dry for limited period of   time 

• No axial thrust : Dual flow of liquid in opposite direction balances axial thrust 

• Higher volumetric efficiency : Due to special double profile of screw flanks 

• High cavitation free suction lift : Due to low NPSH (R) 

• Self-priming and capable of handling entrapped air/vapour/gas : Due to positive displacement 
action and being inherently self-priming 

• Uniform metered flow : Being a positive displacement pump, head developed is independent of 
speed and capacity is approximately proportional to speed in twin screw pumps 

• Capable of handling wide variety of Fluids : Lubricating/non-lubricating as well as aggressive 
liquids can be handled due to choice of different designs and material of construction. Further it 
is non-clogging type.  

• Safe to operate : Twin screw pumps have in-built relief valve designed to bypass upto 100% 
capacity 

• It does not need pits to be dug in the face. Hence it is an ideal face pump. 

• The pump is skid mounted and needs no foundation. It can be easily transported from one place 
to other. 

• Repairs are easy as there are no complicated parts. 

• The pump is reversible i.e. suction and delivery interchange only changing the direction of 
rotation. 

• Since the pump is non-clogging and self-priming, hence does not need an attendant. 

 



 

 

Q5.What are the sources of mine water.     
Ans:- Sources of mine water is both from surface and underground. 

Sources of surface water : Sources  of water on the surface are river, water tanks, low lying 
areas which can accumulate water, rain catchments areas water logged quarries dams on the 
up stream side, from the records of flooding associate will loss of life or damages to work are :  

 Over flow of monsoon water through pits or incline. 
 Erosion causing area of highest flood level to increase. 
 Borehole kept unprotected in the vicinity of river bed. 
 Wrong sitting and inadequate heights of mine interval. 
 Blockage of culvert, bridge or higher water level in the main river on the down stream 

side causing rise of water level on the up stream side. 
 

Preventive measure :  

1. Mine entrance should not be site nears the river bed. 
2. A brick wall should be made around the inclined mouth. 
3. A drainage should be made along the subsided areas. 
4. Cracks appearing at surface should be filled by cement sponging. 
5. There must be sufficient over the roof of under ground working. 
6. In rainy season when depillaring with caving is adopted the water rushing through 

cracks. To deal with such situation adequate pumping capacity is essential. 
7. do not make any workings vertically below and within 15m of either bank of a river, 

canal, or lake. 
 
Sources of underground water : The dangerous of in rising under ground water may be due 
to one of the following : 

1. Normal water absorbed or presence of rock masses. 
2. Water absorbed on porous rock masses. 
3. Water accumulation in old working or in goafs. 
4. Change of water connection strata. 

 
Preventive measures : 

 Making proper provision to ground against the danger of irruption of water ot other liquid 
mater. 

 All survey work should be carried out accurately and plans made by competent surveyor. 
 All geological disturbances should be shown on mine plans. 
 While copying old plan, magnetic variation and shrinkage of man must be taken into 

account. 
 Water dams should be provided whenever necessary. 
 Driving drainage & tunnels to dewater properly. 

 


