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Introduction

What is a Pump?

e A pump is a mechanical device used to transport fluid (liquid or gas) from one place to
another by converting electrical energy into hydraulic (dynamic) energy.
This process enables fluids to flow through pipelines or distribution systems efficiently.

Main Flow Lines in a Pumping System:

e Inlet (Suction) Line — The pipe through which the fluid enters the pump.
e Outlet (Discharge) Line — The pipe through which the pumped fluid exits the pump.

Pump Classification:

¢ 1. Dynamic Pumps:

These pumps increase the kinetic energy of the fluid which is then converted into pressure energy.
Types include:

e Centrifugal Pump
e Axial Flow Pump

% 2. Positive Displacement Pumps:

These pumps operate by trapping a fixed amount of fluid and then forcing (displacing) it through the
system.

They are categorized into two main types:

A. Rotary Positive Displacement Pumps:

Operate using rotating components to move fluid, including:

Gear Pump

Screw Pump

Vane Pump
Lobe Pump (commonly used for viscous or sensitive fluids)

B. Reciprocating Positive Displacement Pumps:
Use a back-and-forth linear motion to move fluid, including:
« Diaphragm Pump

e Piston Pump
e Plunger Pump
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Working Principles Overview:

e Dynamic Pumps:
Accelerate the fluid using a rotating impeller to increase kinetic energy, which is then

converted into pressure energy.

o Positive Displacement Pumps:
Displace a fixed volume of fluid through rotary or reciprocating motion.

< Rotary Motion: Continuous rotation displaces the fluid.
< Reciprocating Motion: Fluid is moved using a repetitive back-and-forth stroke.

Pump Concepts

Key Pumping Concepts:

e Pumps are designed to handle liquids only, specifically incompressible fluids.
This means they are not suitable for gases or vapors, as these can cause serious issues in

operation.
o Basic Operation:
o Inlet (Suction): Where the fluid enters.

o Outlet (Discharge): Where the fluid exits.
o The fluid volume is nearly constant, but pressure can vary depending on system

conditions.

Why Vapor or Gas is a Problem:

e A pump should always be fully filled with liquid before operation.

« If vapor or gas enters the pump instead of liquid, it can cause:
o Cavitation — formation and collapse of vapor bubbles causing damage.
o Vapor Lock — interruption of flow due to trapped vapor.

Solution: Bleed Valve (Air Release Valve):

e Ableed valve is used to release any entrapped air or gas inside the pump chamber,
especially during priming or startup.
This ensures a continuous, smooth flow of liquid.

Internal Pump Leakage Concept:

« Even in well-designed systems, a small percentage of fluid may leak internally within the

pump.
« To maintain efficiency:
o Discharge flow must be slightly reduced to minimize recirculation or internal

leakage.
o Example: If normal discharge is 5 L/s, reducing it to 4 L/s can help minimize return

flow and leakage.
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Vapor Lock in Pumps

What is Vapor Lock in Pumps?

Vapor lock is a failure mode that occurs when a pump loses its prime, i.e., it can no longer maintain
continuous liquid flow due to the presence of vapor or gas bubbles inside the pump chamber.

Definition:
A condition where gas + vapor + small amount of liquid fill the suction line or pump cavity,
preventing the pump from developing the necessary pressure to move fluid.

Common Causes of Vapor Lock:

1. Pump not vented before startup
— Trapped air remains inside the pump.
2. Leaks or holes in the suction line
— Allow air to enter with the liquid.
3. Negative suction head (pump is above the source level)
— Increases risk of vapor formation due to low pressure.
4. High ambient or fluid temperature
— Especially in summer, higher temperature reduces fluid's boiling point — partial
vaporization.
5. Low suction pressure
— Encourages vaporization of the liquid before entering the pump.

Solutions to Prevent or Eliminate Vapor Lock:

1. Use a Bleed Valve:
o To vent air or vapor from the pump before startup.
2. Ensure proper pipe isolation and sealing:
o Auvoid suction line leaks by using correct fittings, welding, and insulation.
3. Design suction pipe to remain fully submerged in liquid:
o Ensure suction inlet is always below the fluid level (e.g., tower pipe submerged inside
tank).
4. Avoid foam formation:
o Use anti-foam techniques or slow filling to reduce gas entrapment.

Summary:
e Vapor lock is a serious issue in pumping systems, especially with improper priming, high

temperatures, or suction issues. Proper venting, system sealing, and thoughtful design of
suction lines are essential to avoid it.
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What

Pump Head & NPSH

is Pump Head?

In fluid mechanics, "*head"" refers to the height of a fluid column that produces a specific

pressure.

Pumps are commonly analyzed using head (in meters or feet) instead of pressure (in Pascal

or psi), because it simplifies the understanding of energy levels in the system.

Pressure—Head Conversion Equations:

1.

Where:

Where:

Head in meters:

P = Pressure in Pascal (Pa)
p = Fluid density in kg/m3
g = Acceleration due to gravity (= 9.81 m/s?)

Head in feet:

2.31 = conversion factor for water at ~60°F
Specific Gravity = fluid density / water density

Types of Head in Pumping Systems:

1.

2.

Static Suction Head (hy):

Vertical distance from fluid surface to pump centerline.
Friction Head (h_f):

Energy loss due to pipe friction in suction line.

Vapor Pressure Head (h_vp):

The head equivalent to the vapor pressure of the liquid at operating temperature.

Pressure Head (h_p):
Additional pressure at the suction point, if present.
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Net Positive Suction Head (NPSH)

Available NPSH (NPSHa):

Where:

The absolute pressure head available at the pump suction above the liquid's vapor pressure.

It is calculated as:

h_s = Static suction head
h_p = Suction pressure head
h_f = Friction head losses

h_vp = Vapor pressure head

Required NPSH (NPSHTr):

The minimum NPSH needed at the suction port to prevent cavitation.
This value is provided by the pump manufacturer.

Condition for Cavitation-Free Operation:

When this condition is met, cavitation and vapor lock can be avoided, ensuring the pump

operates efficiently and reliably.
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Cavitation in Pumps

What is Cavitation?

Cavitation is a destructive phenomenon that occurs when the local pressure at the pump inlet
drops below the vapor pressure of the fluid.

As a result, vapor bubbles form, and when they collapse violently within the pump, they cause
shock waves that lead to:

Vibration

Erosion of metal surfaces
Excessive noise

Loss of performance

Technical Explanation:
Cavitation occurs when: NPSHa < NPSHr

Meaning: the available suction head is less than the required suction head, which leads to
vaporization inside the pump.

Q, Main Causes of Cavitation:

1. Low Pressure at Suction:
o Can result from high suction lift, long pipe length, or restrictions.
o Causes vaporization due to pressure drop.

2. High Fluid Temperature at Suction:
o Increases vapor pressure, making vaporization more likely.
3. Low Flow Rate in Suction Line:

o Means the pipe is not fully filled with liquid — more likely to generate vapor pockets.
4. High Friction Losses in Suction Line:
o Reduces pressure at pump inlet, contributing to cavitation risk.

How to Prevent Cavitation:

1. Pump Priming:
o Ensure the pump and suction line are completely filled with liquid before startup.
o Temporarily close the discharge valve during startup to help priming.
Keep Liquid Temperature Low:
o Reduces vapor pressure — lowers risk of bubble formation.
Use Proper Pump Materials:
o Select erosion-resistant materials (e.g., stainless steel) for impellers and casings.
Install Suction Line Below Liquid Level:
o Ensures a positive static head to help NPSHa.
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5. Avoid Leaks or Air Entry:

o Suction line should be airtight, no holes or faulty gaskets.

o Tank should be sealed properly.
6. Control Operating Conditions:

o Maintain suitable temperature (T), flow rate (Q), and suction pressure (P).
7. Avoid Minimum Flow Conditions:

o Operate pump within its recommended flow range.

o Very low flow increases internal turbulence and localized vapor zones.

In Summary:

Cavitation is a major cause of pump failure, but it is entirely preventable with good system design
and careful operation.
Always ensure:

e NPSHa > NPSHr

e Low temperature

e Full priming

« Proper suction line setup

e No air ingress

« Appropriate flow conditions
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Centrifugal Pump

Working Principle:

A centrifugal pump is a type of dynamic pump that converts kinetic energy from a rotating
impeller into pressure energy to move fluids.

o The fluid enters the center (eye) of the rotating impeller.
« It gains velocity due to the centrifugal force, then enters the volute, where:

Velocity decreases, pressure increases (Bernoulli principle)

Main Components of a Centrifugal Pump:
PARTS OF CENTRIFUGAL PUMPS

1. Pump Casing:
o The outer shell. —— G
o Designed to enhance and direct the flow Nozzle
Of IIqUId Impeller Packing
2. Pump Shaft: _
o Connects the impeller to the driver (e.g., cosine Wear R'"g\ A
electric motor). p— RN Shaft
3. Volute (internal casing): impeller Eye — I ™ sttt steeve
o Spiral-shaped passage that gradually I:> —
increases in area, converting velocity into
pressure. Casing
4. Pump Inlet (Eye of the Impeller):
o Suction side connected to the fluid Parts of Centrifugal Pump
source.

5. Discharge Line:
o Outlet through which the pressurized fluid exits.
6. Pump Drain:
o Used for emptying the pump during maintenance or troubleshooting.
7. Impeller:
o A rotating component with blades (vanes) that imparts velocity to the fluid.
o Direction of rotation affects the flow type:
= Forward-curved blades
= Backward-curved blades (most commonly used)

Types of Impellers:

Type Description
Open Impeller No side walls, minimal support
Semi-Open Impeller Partial side walls, better support
Closed Impeller Fully enclosed, most efficient

PAGE 8




Drive and Sealing Systems:

8. Driver:

o Usually an electric motor or a steam turbine.
9. Mechanical Seal / Wear Ring:

o Prevents leakage between rotating and stationary parts.
10. Packing (Stuffing Box):

o Provides sealing and alignment between shaft and casing.

Classification of Centrifugal Pumps:
Based on Shaft Orientation:

e Horizontal Pump — Most common
o Vertical Pump — Used for compact spaces or when fluid is near boiling point

Based on Number of Impellers:

e Single-Stage Pump:
o One impeller
o Simpler, suitable for low-to-medium heads
e Multi-Stage Pump:
o Two or more impellers connected in series
o Used for high head applications

Based on Suction Type:
e Single Suction:
o Fluid enters from one side of the impeller

e Double Suction:
o Fluid enters from both sides — reduces axial thrust

Summary:
o Centrifugal pumps are widely used due to their simple design, high efficiency, and low

maintenance. Understanding their components and classifications helps in proper selection
and operation.
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Pump Performance Curve
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The most important variables plotted are:
X-axis (Independent Variable):
-Flow rate (Q) — measured in:

e« GPM (Gallons per Minute)
e L/minor méh

Y-axis (Dependent Variable):
-Total Head (H) — expressed in:

e Meters (m) or Feet (ft)

2. Total Head (Differential Head):

e This is the difference in energy per unit weight between the pump’s outlet and inlet.

3. Impeller Diameter (D):

« Affects both head and flow rate
e Larger diameters = higher energy input to the fluid

PAGE 10

Horse Power




4. Pump Efficiency (n):

Where:

o Output power is based on flow and head
e Input power is from the motor or driver

5. Horsepower (HP):
Two values are important:

e Pump HP: the actual power required by the pump
e Motor HP: should always be higher to account for losses

6. NPSHr (Net Positive Suction Head Required):

e Indicates the minimum suction head needed to avoid cavitation
e Often shown on the pump curve to help check system compatibility

Always ensure:

7. Safety Margins & Units:

o Always consider safety factors when selecting a pump
« Example units used on curves:

o 7' — 7 inches (impeller diameter or pipe)
o TTft— 7 feet (head)

Summary:
Pump curves help in:
e Selecting the right pump for a given system

o Operating pumps within efficient and safe ranges
e Preventing cavitation and motor overloading
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Axial Flow Pump

Definition & Principle:

An Axial Flow Pump is a dynamic pump where fluid is moved along the same axis as the pump
shaft, using the axial thrust generated by a rotating propeller.

e Unlike centrifugal pumps, axial flow pumps do not redirect the flow.
e They impart energy by increasing the momentum of the liquid, not the pressure head.

How It Works:

1. The impeller (propeller) rotates, creating lift forces on the fluid similar to a fan.
2. This lifts the fluid and pushes it in a straight, axial direction.
3. The casing is usually cylindrical to guide the straight-line motion.

Main Components:

Drive Shaft: Transmits torque from the motor to the propeller.
Propeller (Axial Impeller): Blades that generate axial motion of the liquid.
Mechanical Seal: Prevents fluid leakage where the shaft exits the casing.
Bearings:

o Thrust Bearing — Prevents axial movement.

o Radial Bearing — Prevents lateral movement.
Motor Coupling: Connects motor to shaft.
Discharge Cone/Diffuser: Converts some of the kinetic energy into pressure.
Column Pipe (for vertical design): Guides liquid through the vertical casing.

el e =

No o

Axial Flow Pump

Impeller

Shaft

Outlet
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Key Features:

Parameter Description
Flow Rate (Q) Very high (thousands of m3/h possible)
Total Head (H) Low (1-15 meters typically)
Efficiency Moderate (~65-85%)
Speed Often high RPM (can be variable)
Impeller Type 2—6 blades, adjustable or fixed pitch

»* Applications:

Flood control & drainage

Cooling water circulation (power plants, condensers)
Irrigation systems

Storm water pumping stations

Desalination feed systems

Design Considerations:

Axial flow pumps are sensitive to flow changes: performance drops significantly outside
design flow.

Often installed vertically to save space and enhance suction.
May include adjustable-pitch blades to optimize performance under variable load.

In Summary:

Axial flow pumps are perfect when the goal is moving a large volume of fluid at low
pressure.

They are best suited for applications where space is limited, and steady, high-capacity flow
is required.
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Rotary Pumps

Definition:

A Rotary Pump is a type of Positive Displacement Pump that moves fluid by means of rotating
elements.
It delivers a constant volume of fluid per rotation regardless of pressure variations.

Commonly used to handle:

e Viscous fluids (oil, syrup, molasses)
e Lubricants, resins, fuels, chemicals

Working Principle:

e The pump traps a fixed amount of fluid in the cavities between the rotating parts and the
casing.

e As the rotor turns, it carries the fluid from the inlet to the outlet, creating suction and
discharge pressure.

Types of Rotary Pumps:
Type Description
Gear . . .
Pump Two meshing gears trap and move fluid. Compact & precise.
Screw One or more screws rotate to move fluid along the axis. Smooth flow, used for viscous
Pump fluids.
Vane Vanes slide in and out of a rotor to maintain contact with casing. Self-priming, used in
Pump hydraulic systems.

Lobe  Two lobed rotors rotate in opposite directions. Gentle action, suitable for food and pharma
Pump industries.

Key Features:

e Self-priming

o Reversible flow (in some designs)

o Constant flow rate regardless of pressure

« Not suitable for abrasive fluids unless specially designed
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Typical Applications:

Oil transfer systems

Fuel pumps

Food processing (e.g., chocolate, yogurt)
Hydraulic systems

Chemical dosing

Design Notes:

e Rotary pumps are typically low-speed to avoid shear damage
e Require tight clearances, so they are sensitive to solid particles
o Often used where smooth, pulse-free flow is needed

In Summary:

o Rotary pumps are ideal for viscous, clean fluids and systems requiring precise, continuous
flow. Their compact design and versatility make them one of the most commonly used types
of positive displacement pumps.
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Screw Pumps

Definition:
e A Screw Pump is a type of rotary positive displacement pump that uses one or more
screws to move fluid along the pump axis.

It provides smooth, pulse-free flow, ideal for viscous liquids under low-to-high flow rate
conditions.

Working Principle:

e Asthe screws rotate, they create sealed cavities between the threads and the pump casing.
e The fluid is trapped and pushed axially from the inlet to the outlet in a continuous motion.
« According to the principle of conservation of mass:

As flow area decreases, velocity increases = Kinetic energy increases

Main Components:

Component Function
Rotor (Power Screw) Rotates and generates flow
Stator Fixed element (in some types)
Voids & Cavities Trap fluid and move it along the axis
Shaft Seat Holds and aligns the rotor
Universal Joint Transmits torque from the drive shaft to the rotor
Seal Prevents leakage of fluid
Thrust & Radial Bearings Absorb forces and protect the shaft
Coupling Connects pump to motor
Rotor Stator Couplingrod  Shaft seal Bearing pedestal

Outlet  Sealing cavity Interference fit Coupling
N between stator and rotor




Types of Screw Pumps:

1 Single Screw Pump (Progressive Cavity Pump):

Used for slurries and highly viscous fluids
Low flow rate but good pressure

2 Twin Screw Pump:

Has two intermeshing screws

One power rotor, one idler rotor

Advantages:
o Strong suction capability
o Can handle liquids with entrained gas or low lubricity
o Suitable for food, oil, chemical industries

3 Triple Screw Pump:

One power rotor and two idler rotors
Ideal for high flow rate and high-pressure applications
Very efficient and quiet operation

Applications:

Lube oil transfer

Hydraulic systems

Heavy fuel oil pumping

Marine engine fuel delivery

Food & beverage (chocolate, syrups)

Advantages of Screw Pumps:

Continuous, non-pulsating flow

Excellent performance with viscous or lubricating fluids
Low noise and vibration

Can handle a wide range of flow rates and pressures

Design Considerations:

Tight clearances make them sensitive to solids
Need precise alignment and sealing
Require good lubrication

In Summary:

Screw pumps offer excellent performance in applications involving high viscosity, variable

flow, and continuous operation.

They are a top choice in marine, petrochemical, and industrial lubrication systems.
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Gear Pumps

Definition:

o A Gear Pump is a type of rotary positive displacement pump that uses meshing gears to
pump fluid by displacement.
It delivers a constant, smooth flow and is especially suitable for clean, viscous liquids.

Types of Gear Pumps: Master Gear

Drive Shaft.._

1. External Gear Pump:

« Uses two external spur gears that rotate against each other. Sucton e — "
e One gear is the driving gear (Power Gear), and the other is

the driven (Idler Gear). Gear Testh—
o Fluid is trapped in the spaces between the teeth and casing

and carried around the outside.

Slave Gear

2. Internal Gear Pump:

o Consists of a larger internal gear that meshes with a smaller external idler gear placed

off-center.
o Fluid is drawn into the crescent-shaped space, trapped, and carried between gear teeth
toward the outlet.

Key Components:

Component Function
Power Gear Driven by the motor, provides torque
Idler Gear Rotates with the power gear to displace fluid

Crescent Spacer (in internal gear Separates inlet and outlet and helps trap fluid

pumps)
Housing/Casing Encloses the gears and maintains tight clearances
Seals Prevent internal leakage between high-pressure and low-

pressure sides
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Working Principle:

e As the gears rotate, fluid is trapped between the gear teeth and the casing, then carried
around to the discharge side.
e The meshing of the gears at the center prevents fluid from returning to the suction side.

Advantages of Gear Pumps:

o Compact and simple design
o Handles high-viscosity fluids
o Constant, pulse-free flow

e Reliable and easy to maintain

Limitations:

o Not suitable for abrasive or dirty fluids (tight clearances)
o Flow rate reduces significantly with increased backpressure
e Cannot run dry — requires lubrication from the fluid itself

Applications:

Lubrication systems

Hydraulic oil delivery

Chemical processing

Fuel injection systems

Polymer, resin, and food-grade oil transfer

In Summary:
o Gear pumps are ideal for precise, low-to-medium pressure applications involving clean

and viscous fluids.
They are widely used due to their reliability, compact size, and steady flow characteristics.
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Vane Pumps

Definition:

A Vane Pump is a type of rotary positive displacement
pump that uses sliding vanes mounted inside a rotor to move
liquid through the pump casing.

It is commonly used for low-pressure applications and clean
fluids.

Types of Vane Pumps:

Type Description
Sliding Vane Pump Vanes slide in and out of the rotor to maintain contact with the casing.
Flexible Vane Pump Uses flexible vanes that bend to follow the shape of the casing.

Working Principle:

=

Rotor is placed eccentrically inside a circular casing.

Vaned slots in the rotor hold the sliding or flexible vanes.

3. As the rotor spins, vanes slide outward due to centrifugal force or spring pressure to
maintain contact with the casing.

4. Fluid enters through the inlet (suction) and is trapped between vanes.

It moves with the rotor and is pushed to the discharge port as the cavity decreases.

N

o1

Key Components:

Component Function
Rotor Rotates and carries vanes
Vane Slots Hold the sliding vanes
Vanes Create chambers to trap and move fluid
Casing Stationary outer body; slightly oval or circular
Suction Port Entry point of liquid
Discharge Port Exit point where pressure increases
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Important Notes:

Clearance between vanes and casing must be minimal to avoid internal leakage.
Friction occurs due to vane rubbing on casing — this causes:

o Heat generation

o Wear and tear

o Efficiency loss

Solution: Reduce the pump speed to minimize wear and energy loss.

Advantages:

Self-priming

Good suction characteristics
Quiet and smooth operation
Can handle thin liquids well

Limitations:

Not suitable for abrasive or dirty fluids
High vane wear at high speeds or with poor lubrication
Limited to low-pressure service

Common Applications:

Fuel and gasoline dispensing

Hydraulic systems

Beverage and food pumps (for thin liquids)
Refrigeration compressors

Oil and coolant circulation

In Summary:

Vane pumps are best used in systems requiring moderate flow, low pressure, and clean,
low-viscosity fluids.

They offer good efficiency at low speeds and are compact and quiet, but require careful
maintenance and speed control to reduce friction-related damage.
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Definition:

A Lobe Pump is a type of rotary positive displacement
pump that uses two or more rotating lobes to move
fluid.

It is designed for low-pressure but high-flow
applications, particularly where hygiene and gentle
handling are required.

Lobe Pumps

Working Principle:

Two lobes rotate in opposite directions.
As they rotate, fluid is trapped in the spaces between the lobes and the casing.

The fluid is then carried around the outside of the lobes from the inlet (suction) to the outlet

(discharge).
Importantly, the lobes never touch due to the use of synchronized timing gears.

Main Components:

Component Function
Driving Shaft Powers the main lobe
Two Lobes Trap and move fluid; shaped as rounded gears or paddles
Timing Gears Synchronize rotation and prevent contact between lobes
Casing Houses the rotating elements and directs fluid flow
Mechanical Seals Prevent leakage at the shaft

Key Characteristics:

No metal-to-metal contact = low wear & longer life

Large pumping chambers = ideal for viscous or solid-containing fluids
Bi-directional operation possible

Self-priming and capable of dry-running (briefly)
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Typical Applications:

Dairy (milk, yogurt, cheese)
Cosmetics (creams, gels)
Pharmaceutical liquids
Fruit pulps and syrups
Biotech/chemical processes

Design Considerations:

e Requires timing gears and bearings outside the pumped fluid, which adds complexity
e Should not run for long periods dry
o Clearance between lobes and casing must be tightly controlled

Advantages:
e Gentle handling of shear-sensitive fluids
e Hygienic design — CIP (Clean-in-Place) and SIP (Sterilize-in-Place) compatible
o Capable of handling soft solids
e Minimal pulsation at steady speed

Limitations:

o More expensive than gear or vane pumps
o Efficiency may drop at low viscosity
o Not ideal for high-pressure applications

In Summary:

o Lobe pumps are ideal for delicate, viscous, or sanitary fluids, delivering high flow rates
with minimal product damage.

« Their non-contact design, combined with excellent cleanability, makes them the pump of
choice in food, pharma, and cosmetics industries.
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Reciprocating Pumps

Definition: R e
Valve
e A Reciprocating Pump is a type of positive Cam
displacement pump that uses a back-and-forth ik
(reciprocating) motion of a piston, plunger, or Check
diaphragm to displace liquid. seat Deed Valve
o Best suited for high-pressure, low-flow rate

applications. SINGLE ACTING RECIPROCATING

Working Principle:

During the suction stroke, the piston/plunger/diaphragm moves to create a vacuum, drawing
liquid into the cylinder.

« During the discharge stroke, the element moves in the opposite direction, pushing the fluid
out under high pressure.

The pump includes:

e A check valve at the suction side (inlet)
o Acheck valve at the discharge side (outlet)

Main Features:

Feature Description
Flow Rate Low but precise
Pressure Very high
Operation Intermittent flow (pulsating)
Self-priming ¥ Yes
Fluid Compatibility Clean fluids (can handle abrasive with liners)

Types of Reciprocating Pumps:

1 Piston Pump:
e Uses acylinder and piston

« Suitable for moderate pressure applications
o Often double-acting (discharge on both strokes)
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2 Plunger Pump:

e Uses a plunger instead of a piston (longer stroke, tighter seal)
o Can generate very high pressure (used in oil & gas, high-pressure cleaning)

3 Diaphragm Pump:
o Uses a flexible diaphragm instead of piston or plunger

o Fluid never contacts moving parts — good for chemical or corrosive liquids
e Can be air-operated or mechanically driven

Advantages:
« High efficiency at any pressure
e Self-priming
o Excellent for metering and dosing
e Can handle compressible fluids
Limitations:

e Pulsating flow (needs dampers if smooth flow required)
e Many moving parts — more maintenance
o Not ideal for high-viscosity fluids (in piston/plunger types)

Typical Applications:

High-pressure washing systems
Hydraulic systems

Chemical injection

Boiler feed water

Oil & gas industry

Reverse osmosis systems (diaphragm)

In Summary:
o Reciprocating pumps are ideal where precise, high-pressure delivery of liquids is needed.

Their self-priming nature and ability to generate high pressure make them invaluable in
industrial, chemical, and oilfield systems.
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Diaphragm Pumps

Definition:

A Diaphragm Pump is a type of DEIVERY MANFOLD
reciprocating positive displacement
pump that uses a flexible diaphragm
(membrane) to displace fluid.

The diaphragm moves back and forth,
creating suction and discharge without
exposing the fluid to moving mechanical
parts.

HALL VALVES

FLUID CHAMEBER PNEUMATIC DISTRIBUTOR

CENTRAL CASING

SUCTION MANIFOLD

Working Principle:

=

The diaphragm is mechanically or pneumatically actuated via a rod and eccentric wheel.

2. During the suction stroke, the diaphragm moves outward, decreasing pressure and drawing
fluid in.

3. During the discharge stroke, the diaphragm moves inward, increasing pressure and forcing
fluid out through the outlet.

4. One-way valves (check valves) at both suction and discharge ports regulate flow direction.

Key Components:

Component Function
Flexible Diaphragm Acts as the pumping element; separates fluid from actuator
Connecting Rod Connects diaphragm to mechanical driver
Eccentric Wheel Converts rotary motion to reciprocating motion
Inlet/Outlet VValves Ensure one-directional flow
Seals (Optional) Provide extra protection for aggressive fluids

Key Characteristics:

« No direct contact between liquid and mechanical parts
o Excellent chemical compatibility

e Can handle solids in suspension

e Can run dry without damage (limited duration)
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Advantages:

e Self-priming

o Leak-proof design (suitable for hazardous fluids)

e Smooth flow with adjustable discharge rate

e Can be air-operated (no electrical motor needed in some types)
o [Easy to maintain

Limitations:

o Lower flow rate than centrifugal pumps
o Diaphragm wear over time requires replacement
o Pulsating flow (requires dampers for smoothing)

Common Applications:

e Chemical dosing and injection

o Pharmaceuticals and cosmetics

o Wastewater treatment (sludge handling)
o Paint, ink, and food processing

o Laboratories and cleanrooms

In Summary:

o Diaphragm pumps offer an ideal solution for corrosive, toxic, or sensitive fluids.
Their sealed design, chemical resistance, and precision make them invaluable in medical,
chemical, and industrial processes.
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Piston Pump

Definition:

Connecting rod

e A Piston Pump is a reciprocating positive
displacement pump that uses a piston moving
within a cylinder to displace liquid.

It is well-suited for high-pressure, low-flow
applications.

Crossheard

.
Cizcharge
valve

Suction vake Crankshal

Suction
Working Principle:
e The piston moves in two main strokes:
1 Suction Stroke:
e Piston moves away from cylinder head (toward point (2)).
e Volume increases, pressure drops.
« Suction valve opens, allowing liquid to enter the cylinder.
2 Discharge Stroke:
e Piston moves toward cylinder head (toward point (1)).
e Volume decreases, pressure increases.
o Discharge valve opens, pushing liquid out of the cylinder.
1 Key Components:
Component Description
Piston Moves inside the cylinder to displace liquid
Connecting Rod Transfers motion from crankshaft to piston
Cylinder Enclosure for piston motion and fluid volume
Suction Valve Allows fluid to enter during suction stroke
Discharge Valve Allows fluid to exit during discharge stroke
Check Valves Ensure one-way flow and prevent backflow

PAGE 28




Advantages:

o High pressure generation

e Accurate flow control

o Capable of handling slurries or viscous fluids (with special design)
o Can be single-acting or double-acting (flow in both directions)

Limitations:

o Pulsating flow (requires dampers for smooth output)
e Many moving parts — more wear
e Requires priming and sealing maintenance

Applications:

« Industrial hydraulic presses

e Oil and gas systems

o Water jet cutting and pressure washing
e High-pressure chemical injection

o Power plants (boiler feed water)

In Summary:

o Piston pumps are ideal for high-pressure systems where precision and volume control are

critical.
Their mechanical simplicity and strong displacement make them reliable in industrial and

power engineering applications.
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Plunger Pump

Definition:

A Plunger Pump is a high-pressure, reciprocating
positive displacement pump that uses a plunger (instead
of a piston) to move fluid through a sealed cylinder.

It is ideal for very high-pressure applications and is
widely used in oil & gas, power plants, and industrial
cleaning systems.

Working Principle:

e A crankshaft drives a connecting rod, which moves the plunger back and forth inside a
barrel.

« During the suction stroke, the plunger retracts, drawing fluid into the chamber.

« During the discharge stroke, the plunger moves forward, displacing the liquid through a
discharge valve.

Main Components:

Component Function
Plunger The displacer that enters the fluid chamber
Crankshaft Converts rotary motion into reciprocating motion
Connecting Rod Connects crankshaft to plunger
Valves (Check) Control fluid direction (suction and discharge)
Packing Seal Prevents fluid leakage around the plunger shaft

Q Difference Between Piston and Plunger Pumps:

Feature Piston Pump Plunger Pump
Displacer Piston (seals move with piston) Plunger (seals are stationary)
Sealing Method Sealing on piston head Sealing around plunger shaft (fixed seal)
Pressure Capability Moderate pressure Very high pressure (>1000 bar possible)
Maintenance More frequent due to seal wear Less frequent; seals are static
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Advantages:

e Can handle very high pressures

o Seals experience less wear due to stationary location
« Accurate, constant flow

o Durable for long-term industrial use

Limitations:

o Pulsating flow (like other reciprocating pumps)
e Not suitable for dirty or viscous fluids without modification
o Requires careful alignment and lubrication

Applications:

e Oil & gas well servicing

e Reverse osmosis systems

o High-pressure water jetting
e Power plant boiler feed

e Industrial chemical injection

In Summary:

e Plunger pumps are essential for extreme pressure systems where durability, reliability, and

precise dosing are critical.

e Their simple but powerful design makes them a workhorse in energy, oilfield, and chemical

applications.
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