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14.1
DISPLACEMENT PUMPS

by T. L. Henshaw

REFERENCES: Buse, ``Positive-Displacement Pumps,'' Marks' Handbook, 9th
is required to push the pumpage into the cavities created by the pumping

ed., McGraw-Hill. Henshaw, ``Reciprocating Pumps,'' Van Nostrand Reinhold. 

``Hydraulic Institute Standards,'' 14 ed., Hydraulic Institute. Chesney, Water 
Injection Pump Development, paper 68-Pet-11, ASME. Lees, Designing for 
High Pressures, paper 93-DE-9, ASME. ``Positive Displacement Pumps 
Reciprocating,'' API Standard 674, American Petroleum Institute. 

NOTE: Much of the text and some of the illustrations are from the author's book: 
Henshaw, ``Reciprocating Pumps,'' Van Nostrand Reinhold, 1987. 

GENERAL 

A displacement pump (also called positive-displacement, or just p-d) is a 
pump which imparts energy to the pumpage (the material pumped) by 
trapping a ®xed volume at suction (inlet) conditions, compressing it to 
discharge pressure, then pushing it into the discharge (outlet) line. A 
displacement pump does not rely on velocity to achieve pumping ac
tion, as does a centrifugal pump or ejector. 

Displacement pumps fall into two major classes: reciprocating and 
rotary, as illustrated in Fig. 14.1.1. 
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Fig. 14.1.1 
Classi®cation diagram of displacement pumps. 

Uses and Applications 

Displacement pumps serve primarily in applications of low capacity and 
high pressure, those mostly beyond the capabilities of centrifugal 
pumps. Some of these services could be performed by centrifugals, but 
not without an increase in power requirements and /or maintenance. 
Because displacement pumps achieve high pressures with low pumpage 
velocities, they are well-suited for abrasive-slurry and high-viscosity 
services. A reciprocating pump must have special ®ttings to be suitable 
for most slurries. 

Net Positive Suction Head 

Net positive suction head (NPSH), also called net positive inlet pressure 
(NPIP) and net inlet pressure (NIP), is the difference between suction 
pressure and vapor pressure, at the pump suction nozzle, when the pump 
is running. In a reciprocating pump, NPSH is required to push the 
suction valve from its seat and to overcome the friction losses and 
acceleration head within the pump liquid end. In a rotary pump, NPSH 


elements. 

If suf®cient NPSH is not provided by the system, the pumpage will 
begin to ¯ash (boil) as it ¯ows into the pump. The vapor will cause a 
deterioration of pump performance. As the vapor ¯ows into regions of 
higher pressure in the pump, it condenses back to a liquid. This collapse 
of the vapor bubbles occurs with signi®cant impact, impinging upon 
metal surfaces with enough energy to break out small pieces of the 
metal. This is called cavitation damage. The shock created by the bubble 
collapse may be severe enough to crack a ¯uid cylinder or break a 
crankshaft. 

All pumps require the system to provide some NPSH. The NPSH 
provided by the system is called NPSHA (the A is for available). The 
NPSH required by the pump is called NPSHR. For displacement pumps, 
NPSHR is normally expressed in pressure units (lb /in2 or kPa). 

Since water usually contains dissolved air, the vapor pressure of the 
solution is higher than for deaerated water, but this is often overlooked 
when NPSH calculations are performed. The Hydraulic Institute recom
mends an NPSH margin of 3 lb /in2 (20 kPa) for power pumps in sys
tems where the pumpage has been exposed to a gas other than the 
liquid's own vapor. A liquid (such as propane) at its bubble point in the 
suction vessel requires no such margin. 

RECIPROCATING PUMPS 

A reciprocating pump is a displacement pump which reciprocates the pumping element (piston, plunger, or diaphragm). The capacity of a reciprocating pump is proportional to its speed, and is relatively independent of discharge pressure. 

A power pump is one that reciprocates the pumping element with a 
crankshaft or camshaft (see Figs. 14.1.2 and 14.1.3). It requires a driver 
which has a rotating shaft, such as a motor, engine, or turbine. A 
constant-speed power pump will deliver essentially the same capac
ity at any pressure within the capability of the driver and the strength 
of the pump. 

A direct-acting pump is a reciprocating pump driven by a ¯uid which has a differential pressure (see Fig. 14.1.4). The motive ¯uid pushes on 
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Fig. 14.1.2 
Horizontal power pump. 

