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Description


MARINE PUMP



• Learning Objective: Know the basic design features and functions of various marine auxiliary machinery



Machinery: Pumps • Specific Objectives: • Recognize the various names and locations of auxiliary machinery found on board • Describe the basic operation of the machinery • Identify the main parts of the machinery • Sketch and label the main parts



•



Learning Objective: Describe the marine pump, types, design features and operation on board.



•



Specific Learning Objectives: • • • • • •



State the design features of centrifugal and positive displacement pumps. State the uses of various pumps onboard. Explain the pump types and principles of operation of marine pump. State and explain the operation of each components of types of pumps Describe pump fitting like gland seals, relief valve State the requirement of relief valves that may be fitted on marine pumps



Functions of a Pump To transport a fluid through a pipe Raise the liquid from one level to another To give fluid a high velocity To move the fluid against resistance To force a fluid through a hydraulic system for work To move it against resistance



Classification



Positive Displacement pumps Dynamic pressure pumps (rotor-dynamic pumps or nonpositive displacement pumps)



Positive Displacement pumps



• This is one in which a definite volume of liquid is delivered for each cycle of pump operation, regardless of the resistance offered. • These include reciprocating, gear, screw, etc., • They do not require a priming device, • In fact they may used as priming devices.



In general, they would be used for small to medium discharge rate, They can pump fluids of a wide range of viscosity Can develop high-pressure differentials, if required. If the outlet is completely closed, either the unit driving the pump will be stalled or pump or pipe itself will break or burst, thus safety or relief valve are fitted on it.



Non-Positive Displacement pumps



This is one in which the volume of the liquid delivered for each cycle is dependent upon the resistance offered to the flow  This pump produces a force on the liquid that is constant for each particular speed of the pump. Resistance in the discharge line produces a force in opposite direction. When these forces are equal, this liquid is in a state of equilibrium and does not flow.



Normally, centrifugal pumps are under this classification and they may require priming device depending upon supply head Generally, used for medium to highpressure discharge rates, and usually are confined to low viscosity fluids and generate only low to moderate pressure differentials.



If the outlet of this pump is completely closed, the discharge pressure will increase to a maximum for that particular operating speed,  The pump will churn the liquid, vibrate and produce heat.



TYPES of PUMP Centrifugal Screw Gear Reciprocating Axial etc



Centrifugal pump



Screw



Gear pump



Reciprocating pump



Axial



PUMPS ON BOARD



Centrifugal Screw Gear Reciprocating Axial Etc.,



Centrifugal pump



Centrifugal pump



Basic components  The housing for containing the water.  The impeller attached to a rotating shaft that moves the water.  The coupling that transmits the rotating action of a motor (or other prime movers) to the pump shaft.  The seal between the housing and the rotating shaft.  The bearings for ensuring that the shaft turns smoothly.  The inlet and the outlet ports for channeling the water flow through the pump.



Component division 







A centrifugal pump has two main components: A rotating component  comprised of an impeller and a shaft







A stationary component  comprised of a casing, casing cover,



and bearings.



 In single stage pumps a single impeller rotates in a casing of spiral or volute form and  in multistage pumps two or more impellers are fitted on the same shaft, producing twice or triple (stages) the head or pressure without having to increase the pump speed.



 Fluid enters the impeller axially through the eye then centrifugal action or force continues radially and discharges around the entire circumference.  The fluid in passing through the impeller receives energy from the vanes giving an increase of pressure and velocity.  The kinetic (velocity) energy of the discharging fluid is partly converted to pressure energy by suitable design of impeller vanes and casing.



IMPELLER  Impellers of pumps are classified based on the number of points that the liquid can enter the impeller and also on the amount of webbing between the impeller blades-> Impellers can be either single - suction or double-suction.  A single-suction impeller allows liquid to enter the center of the blades from only one direction. A double-suction impeller allows liquid to enter the center of the impeller blades from both sides simultaneously giving twice the discharge at a given head..



 Impellers designs can be  Open,  Semi-open,  Enclosed.  The open impeller consists only of blades attached to a hub.  The semi-open impeller is constructed with a circular plate (the web) attached to one side of the blades.  The enclosed impeller has circular plates attached to both sides of the blades are also referred to as shrouded impellers.



Open design



The vanes are attached to the hub. There is no shroud to support the vanes. These are good designs for pumping stringy materials such as paper stock. Pump efficiency is maintained by setting a close clearance between the impeller vanes and the volute or back plate. Since there is no shroud to strengthen the vanes, their use is often limited to small inexpensive pumps



Semiopen design



The vanes are attached to the hub with a shroud on one side of the impeller. The pump efficiency is maintained by setting a close clearance between the vanes and the volute or back-plate.



Closed design



In this design the vanes are attached to the hub with a shroud on either side of the impeller. These designs maintain pump efficiency by the use of close clearance wear rings.



Some of these semi-open impellers have pump out vanes on the back of the shroud that reduce the pressure on the back of the shroud and prevent foreign matter from lodging in back of the impeller, interfering with its operation.



Closed impellers are sensitive to clogging with solids so their use is limited to the pumping of reasonably clear liquids. Oil refineries use closed impellers because of the problem of maintaining a close tolerance between a semi-open impeller and the pump volute. Explosive products would ignite if the impeller came into contact with the volute, but in the closed impeller version soft wear rings would make the contact.



 The impeller sometimes contains balancing holes that connect the space around the hub to the suction side of the impeller.  The balancing holes have a total cross-sectional area that is considerably greater than the cross-sectional area of the annular space between the wearing ring and the hub.  The result is suction pressure on both sides of the impeller hub, which maintains a hydraulic balance of axial thrust.



Centrifugal Pump Classification By flow



The manner in which fluid flows through the pump is determined by the design of the pump casing and the impeller.



The three types of flow through a centrifugal pump are - Radial flow, - Axial flow, - Mixed flow.



Radial Flow Pumps In a radial flow pump, the liquid enters at the center of the impeller and is directed out along the impeller blades in a direction at right angles to the pump shaft. The impeller of a typical radial flow pump and the flow through a radial flow pump are shown in next slide



Axial Flow Pumps In an axial flow pump, the impeller pushes the liquid in a direction parallel to the pump shaft.  Axial flow pumps are sometimes called propeller pumps because they operate essentially the same as the propeller of a boat. The impeller of a typical axial flow pump and the flow through a radial flow pump are shown in Figure



Mixed Flow Pumps  Mixed flow pumps use characteristics of radial flow and axial flow pumps.  As liquid flows through the impeller of a mixed flow pump, the impeller blades push the liquid out away from the pump shaft and to the pump suction at an angle greater than 90o.  The impeller of a typical mixed flow pump and the flow through a mixed flow pump are shown in Figure



Multi-stage Centrifugal Pump



A pump stage is defined as that portion of a centrifugal pump consisting of one impeller and its associated components. Most centrifugal pumps are single-stage pumps, containing only one impeller.  A pump containing seven impellers within a single casing would be referred to as a seven-stage pump or generally considered as a multi-stage pump.



A centrifugal pump with a single impeller that can develop a differential pressure of more than 150 psid in the suction and the discharge is difficult and costly to design and construct. A more economical approach to developing high pressures with a single centrifugal pump is to include multiple stage impellers on a common shaft within the same pump casing at moderate speed.  Internal channels in the pump casing route the discharge of one impeller to the suction of another impeller



The water enters the pump from the top left and passes through each of the four impellers in series, going from left to right.



The water goes from the volute surrounding the discharge of one impeller to the suction of the next impeller.



Diffuser



 Diffusers consist of a floating ring of stationary guide vanes surrounding the impeller. It is used in some pump.  The purpose of the diffuser is to increase the efficiency of the centrifugal pump by allowing a more gradual expansion and less turbulent area for the liquid to reduce in velocity.  The diffuser vanes are designed in a manner that the liquid exiting the impeller will encounter an everincreasing flow area as it passes through the diffuser. This increase in flow area causes a reduction in flow velocity, converting kinetic energy into flow pressure.



Volute casing



 The casing usually has the suction and discharge branches arranged at the back so impeller and spindle can be removed from the front without breaking pipe joints.  The discharge branch is usually on the pump centre line  The number of impeller vanes is not fixed but usually there are six to ten.  The volute casing is like a divergent nozzle which is wrapped around the impeller and serves two main functions  (1) It enables velocity energy to be converted into pressure energy, the degree of conversion is governed mainly by the degree of divergence  (2) It accommodates the gradual increase in quantity of fluid that builds at discharge from the circumference of the impeller.



Centrifugal Pump Components



Centrifugal pumps vary in design and construction from simple pumps with relatively few parts to extremely complicated pumps with hundreds of individual parts. Some of the most common components found in centrifugal pumps are  Wearing rings,  Stuffing boxes,  Packing  Lantern rings.



Wearing Rings  Centrifugal pumps contain rotating impellers within stationary pump casings. To allow the impeller to rotate freely within the pump casing, a small clearance is designed to be maintained between the impeller and the pump casing.  To maximize the efficiency of a centrifugal pump, it is necessary to minimize the amount of liquid leaking through this clearance from the high pressure or discharge side of the pump back to the low pressure or suction side



Some wear or erosion will occur at the point where the impeller and the pump casing nearly come into contact. This wear is due to the erosion caused by liquid leaking through this tight clearance and other causes. As wear occurs, the clearances become larger and the rate of leakage increases. Eventually, the leakage could become unacceptably large and maintenance would be required on the pump



To minimize the cost of pump maintenance, many centrifugal pumps are designed with wearing rings which are replaceable rings that attached to the impeller and/or the pump casing to allow a small running clearance between the impeller and the pump casing without causing wear of the actual impeller or pump casing material. These wearing rings are designed to be replaced periodically during the life of a pump and prevent the more costly replacement of the impeller or the casing.



Stuffing Box In almost all centrifugal pumps, the rotating shaft that drives the impeller penetrates the pressure boundary of the pump casing. It is important that the pump is designed properly to control the amount of liquid that leaks along the shaft at the point that the shaft penetrates the pump casing. Factors considered when choosing a method include the pressure and temperature of the fluid being pumped, the size of the pump, and the chemical and physical characteristics of the fluid being pumped.



 One of the simplest types of shaft seal is the stuffing box which is cylindrical space in the pump casing surrounding the shaft.  Rings of packing material are placed in this space to form a seal to control the rate of leakage along the shaft.   The packing rings are held in place by a gland which is in turn, held in place by studs with adjusting nuts.   As the adjusting nuts are tightened, they move the gland in and compress the packing. This axial compression causes the packing to expand radially, forming a tight seal between the rotating shaft and the inside wall of the stuffing box.



 The high speed rotation of the shaft generates a significant amount of heat as it rubs against the packing rings.  If no lubrication and cooling are provided to the packing, the temperature of the packing increases to the point where damage occurs to the packing, the pump shaft, and possibly nearby pump bearings.  Stuffing boxes are normally designed to allow a small amount of controlled leakage along the shaft to provide lubrication and cooling to the packing.  The leakage rate can be adjusted by tightening and loosening the packing gland.



Lantern Ring It is not always possible to use a standard stuffing box to seal the shaft of a centrifugal pump. The pump suction may be under a vacuum so that outward leakage is impossible or the fluid may be too hot to provide adequate cooling of the packing. These conditions require a modification to the standard stuffing box. One method of adequately cooling the packing under these conditions is to include a lantern ring



 A lantern ring is a perforated hollow ring located near the center of the packing box that receives relatively cool, clean liquid from either the discharge of the pump or from an external source and distributes the liquid uniformly around the shaft to provide lubrication and cooling.  The fluid entering the lantern ring can cool the shaft and packing, lubricate the packing, or seal the joint between the shaft and packing against leakage of air into the pump in the event the pump suction pressure is less than that of the atmosphere.



Positive displacement pump



INTRODUCTION  A positive displacement pump is one in which a definite constant volume of liquid is delivered for each cycle regardless of the resistance to flow offered by the system of pump operation.  The positive displacement pump differs from centrifugal pumps, which deliver a continuous flow for any given pump speed and discharge resistance.  Positive displacement pumps can be grouped into three basic categories based on their design and operation;  Reciprocating pumps,  Rotary pumps,  Diaphragm pumps.



Reciprocating pump This principle can be most easily demonstrated by considering a reciprocating positive displacement pump consisting of:  a single reciprocating piston in a cylinder with a single suction port and a single discharge port. Check valves in the suction and discharge ports allow flow in only one direction.



During the suction stroke, the piston moves to the left, causing the check valve in the suction. During the discharge stroke, the piston moves to the right, seating the check valve in the suction line and opening the check valve in the discharge line. The volume of liquid moved by the pump in one cycle (one suction stroke and one discharge stroke) is equal to the change in the liquid volume of the cylinder as the piston moves from its farthest left position to its farthest right position.



Reciprocating Positive Displacement Pump Operation



Reciprocating positive displacement pumps are generally categorized in four ways: Direct-acting or indirect-acting Simplex or duplex Single-acting or double-acting Power pumps.



Direct-Acting and Indirect-cting Pumps  Some reciprocating pumps are powered by prime movers that also have reciprocating motion, such as a reciprocating pump powered by a reciprocating steam piston.  The piston rod of the steam piston may be directly connected to the liquid piston of the pump or it may be indirectly connected with a beam or linkage.  Direct-acting pumps have a plunger on the liquid (pump) end that is directly driven by the pump rod (also the piston rod or extension thereof) and carries the piston of the power end.  Indirect-acting pumps are driven by means of a beam or linkage connected to and actuated by the power piston rod of a separate reciprocating engine.



Simplex and Duplex Pumps  A simplex pump, sometimes referred to as a single pump, is a pump having a single liquid (pump) cylinder.  A duplex pump is the equivalent of two simplex pumps placed side by side on the same foundation.  The driving of the pistons of a duplex pump is arranged in such a manner that when one piston is on its upstroke the other piston is on its downstroke, and vice versa.   This arrangement doubles the capacity of the duplexpump compared to a simplex pump of comparable design.



Single Acting and Double-Acting Pumps  A single-acting pump is one that takes a suction, filling the pump cylinder on the stroke in only one direction, called the suction stroke, and then forces the liquid out of the cylinder on the return stroke, called the discharge stroke.  A double-acting pump is one that, as it fills one end of the liquid cylinder, is discharging liquid from the other end of the cylinder.  On the return stroke, the end of the cylinder just emptied is filled, and the end just filled is emptied.



Power Pumps Power pumps convert rotary motion to low speed reciprocating motion by reduction gearing, a crankshaft, connecting rods and crossheads. Plungers or pistons are driven by the crosshead drives. Rod and piston construction, similar to duplex double-acting steam pumps, is used by the liquid ends of the low pressure, higher capacity units.



The higher pressure units are normally singleacting plungers, and usually employ three (triplex) plungers. Three or more plungers substantially reduce flow pulsations relative to simplex and even duplex pumps. Power pumps typically have high efficiency and are capable of developing very high pressures.  They can be driven by either electric motors or turbines. They are relatively expensive pumps and can rarely be justified on the basis of efficiency over centrifugal pumps.



Screw Pump



Gear pump



Reciprocating pump



Axial Flow Pump



Summary Uses of pumps Application on board ships Types of pumps Commonly used types on board Operational principle of the common types of pumps
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