
(Figure 4(b)) the liquid flows from 
the moving vanes of the impeller 
through a series of fixed vanes 
forming a diffusion ring. This 
gives a more gradual change in 
direction to the fluid and more 
efficient conversion of kinetic 
energy into pressure energy than is 
obtained with the volute type. 

2- Positive Displacement Pumps 
  In this type, the volume of liquid delivered is directly related to the displacement 

of the piston and therefore, increases directly with speed and is not appreciably 
influenced by the pressure. It used for high pressure and constant rates this type can be 
classified into: - 

2.1-Reciprocating Pumps, such as 
a- The Piston Pump 

This pump may be single-acting, with the liquid admitted only to the portion of 
the cylinder in front of the piston or double-acting, in which case the feed is 
admitted to both sides of the piston. The majority of pumps are of the single-
acting type typically giving a low flow rate of say 0.02 m3/s at a high pressure of 
up to 100 Mpa. 

b- The Plunger (or Ram) Pump 
This pump is the same in principle as the piston type but differs in that the 

gland is at one end of the cylinder making its replacement easier than with the 
standard piston type. The piston or ram pump may be used for injections of 
small quantities of inhibitors to polymerization units or of corrosion inhibitors to 
high-pressure systems, and also for boiler feed water applications. 

c- The Diaphragm Pump  
The diaphragm pump has been developed for handling corrosive liquids and 

those containing suspensions of abrasive solids. It is in two sections separated 
by a diaphragm of rubber, leather, or plastics material. In one section a plunger 
or piston operates in a cylinder in which a non-corrosive fluid is displaced. The 
particularly simple and inexpensive pump results, capable of operating up to 0.2 
Mpa. 

d- The Metering (or Dosing) Pump  
Metering pumps are driven by constant speed electric motors. They are used 

where a constant and accurately controlled rate of delivery of a liquid is 
required, and they will maintain this constant rate irrespective of changes in the 
pressure against which they operate. The pumps are usually of the plunger type 
for low throughput and high-pressure applications; for large volumes and lower 
pressures a diaphragm is used. In either case, the rate of delivery is controlled by 

Figure (4) Radial flow pumps  
(a) with volute (b) with diffuser vanes



adjusting the stroke of the piston element, and this can be done whilst the pump 
is in operation. A single-motor driver may operate several individual pumps and 
in this way give control of the actual flows and of the flow ratio of several 
streams at the same time. The output may be controlled from zero to maximum 
flow rate, either manually on the pump or remotely. These pumps may be used 
for the dosing of works effluents and water supplies, and the feeding of 
reactants, catalysts, or inhibitors to reactors at controlled rates, and although a 
simple method for controlling flow rate is provided, high precision standards of 
construction are required. 

2.2-Rotary Pumps, such as 
a- The Gear Pump 

Gear and lobe pumps operate on the principle of using mechanical means to 
transfer small elements or "packages" of fluid from the low pressure (inlet) side 
to the high pressure (delivery) side. There is a wide range of designs available 
for achieving this end. The general characteristics of the pumps are similar to 
those of reciprocating piston pumps, but the delivery is more even because the 
fluid stream is broken down into so much smaller elements. The pumps are 
capable of delivering to a high pressure, and the pumping rate is approximately 
proportional to the speed of the pump and is not greatly influenced by the 
pressure against which it is delivering. Again, it is necessary to provide a 
pressure relief system to ensure that the safe operating pressure is not exceeded. 

b- The Cam Pump  
A rotating cam is mounted eccentrically in a cylindrical casing and a very 

small clearance is maintained between the outer edge of the cam and the casing. 
As the cam rotates it expels liquid from the space ahead of it and sucks in liquid 
behind it. The delivery and suction sides of the pump are separated by a sliding 
valve, which rides on the cam. The characteristics again are similar to those of 
the gear pump. 

c- The Vane Pump  
The rotor of the vane pump is mounted off centre in a cylindrical casing. It 

carries rectangular vanes in a series of slots arranged at intervals round the 
curved surface of the rotor. The vanes are thrown outwards by centrifugal action 
and the fluid is carried in the spaces bounded by adjacent vanes, the rotor, and 
the casing. Most of the wear is on the vanes and these can readily be replaced. 

d- The Flexible Vane Pump  
The pumps described above will not handle liquids containing solid particles in 

suspension, and the flexible vane pumps has been developed to overcome this 
disadvantage. In this case, the rotor (Figure 8.10) is an integral elasomer 
moulding of a hub with flexible vanes which rotates in a cylindrical casing 
containing a crescent-shaped block, as in the case of the internal gear pump.  

e- The Flow Inducer or Peristaltic Pump  
This is a special form of pump in which a length of silicone rubber or other 

elastic tubing, typically of 3 to 25 mm diameter, is compressed in stages by 
means of a rotor as shown in Figure 8.11. The tubing is fitted to a curved track 
mounted concentrically with a rotor carrying three rollers. As the rollers rotate, 



they flatten the tube against the track at the points of contact. These "flats" move 
the fluid by positive displacement, and the flow can be precisely controlled by 
the speed of the motor. These pumps have been particularly useful for biological 
fluids where all forms of contact must be avoided. They are being increasingly 
used and are suitable for pumping emulsions, creams, and similar fluids in 
laboratories and small plants where the freedom from glands, avoidance of 
aeration, and corrosion resistance are valuable, if not essential. Recent 
developments^ have produced thick-wall, reinforced moulded tubes which give 
a pumping performance of up to 0.02 m3/s at 1 MN/m2. The control is such that 
these pumps may conveniently be used as metering pumps for dosage processes. 

f- The Mono pump  
Another example of a positive acting rotary pump is the single screw-extruder 

pump typified by the Mono pump, in which a specially shaped helical metal 
rotor revolves eccentrically within a double-helix, resilient rubber stator of twice 
the pitch length of the metal rotor. A continuous forming cavity is created as the 
rotor turns — the cavity progressing towards the discharge, advancing in front of 
a continuously forming seal line and thus carrying the pumped material with it. 
The Mono pump gives a uniform flow and is quiet in operation. It will pump 
against high pressures; the higher the required pressure, the longer are the stator 
and the rotor and the greater the number of turns. The pump can handle 
corrosive and gritty liquids and is extensively used for feeding slurries to filter 
presses. It must never be run dry. The Mono Merlin Wide Throut pump is used 
for highly viscous liquids. 

g- The Screw pumps  
A most important class of pump for dealing with highly viscous material is 

represented by the screw extruder used in the polymer industry. The screw pump 
is of more general application and will be considered first. The fluid is sheared 
in the channel between the screw and the wall of the barrel. The mechanism that 
generates the pressure can be visualized in terms of a model consisting of an 
open channel covered by a moving plane surface. If a detailed analysis of the 
flow in a screw pump is to be carried out, then it is also necessary to consider 
the small but finite leakage flow that can occur between the flight and the wall. 
With the large pressure generation in a polymer extruder, commonly 100 bar 
(107 N/m2), the flow through this gap, which is typically about 2 per cent of the 
barrel internal diameter, can be significant. The pressure drop over a single pitch 
length may be of the order of 10 bar (106 N/m2), and this will force fluid 
through the gap. Once in this region the viscous fluid is subject to a high rate of 
shear (the rotation speed of the screw is often about 2 Hz), and an appreciable 
part of the total viscous heat generation occurs in this region of an extruder. 
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