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Preface

This book is to document the development of high-pressure pumps and
systems technology that is being used in almost every industrial en-
deavor. High-pressure pumps and ultra-high pressure equipment is
being used for hydrostatic testing, erosion testing, surface preparations,
cutting material, machining metals and cleaning surfaces. The new
technology is used in the aerospace industry, petrochemical-related
fields, steel mills, automotive plants and food processing. It has been
found effective to reduce the cost and improve results over other
methods of accomplishing a given task. The experiences and research
discussed herein will help engineers, scientists, and end users to under-
stand the technical side of pumps, nozzles, accessories and power pump
systems that have been developed for special applications. With this
background, more uses can be found for the technology so that the
pump industry can continue to grow in the future.

Michael T. Gracey
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Ghapter 1

History of
High-Pressure
Pumps

1.0 Introduction to High-Pressure Pumps

A reciprocating pump can be defined as a mechanical device that
consists of one or more single- or double-acting positive-displacement
elements (pistons or plungers) that imparts a pulsating dynamic flow to
a liquid. This definition also explains that the pistons or plungers are
driven in a more or less harmonic motion by a rotating crank with a
connecting rod arrangement. This motion generates flow by pulling the
fluid through inlet check valves and pushes the fluid through outlet
check valves that are located near the inlet and outlet of the pump.



2 High-Pressure Pumps

An alternative definition describes pumps as devices for exerting
pressure on fluids for transportation or {through them to transmit pres-
sure to a more or less remote point where it is transformed into work.}
For positive-displacement, high-pressure, and piston or plunger pumps,
it could be said that they create flow (not pressure) until the flow is
restricted, which, in turn, causes the pressure to increase in the fluid.

1.1 Early History of Pumps

Since the beginning of civilization, there has been a need to move water
from one place to another. Cupped hands have given way to clay vessels,
wooden buckets, and aqueducts to provide water to remote locations.

The earliest mechanical device of authentic record for lifting water was
called the shadoff. The Egyptians used this device as early as 1500 BC for
watering their herds and irrigating farmland, which is depicted in Fig. 1.1.

The shadoff consists of a counterweighted, pivoted pole with a rope
and bucket that the operator uses to his advantage to draw water from a
water source, such as the Nile River. This type of device was used on
The Amazing Race (CBS, August 14, 2004), when the contestants had
to draw water from the Nile and fill a one liter jar, then ride a donkey
across the fields to a village where they filled a two liter clay pot. It took
the contestants at least two trips to accomplish the task. The Chinese
may have made the next improvement to this system by attaching
buckets at intervals to a loop of rope over a windlass that could be
turned by hand or treadmill. This device, the Chinese continuous bucket
rope, is depicted in Fig. 1.2 and enabled the villagers to move water
from a river into the rice fields for irrigation.

Around the beginning of the Christian Era, the Romans extended the
rotary principle by creating the Roman bucket wheel. Buckets were
attached to a large wheel that would spin and dip each bucket into
the water. The wheel then lifted the buckets and dumped the water
into aqueducts, as illustrated in Fig. 1.3.

1.2 The Force Pump

A Greek engineer named Ctesibius is believed to be the inventor of
the force pump. This pump had two vertical cylinders mounted side by
side with single-acting pistons. A walking beam actuated these pistons so
the pumps provided a practically continuous stream. Today, Weather-
ford International manufactures the Ram Pump to handle multiphase oil
products, and it is powered by hydraulic cylinders, as shown in Fig. 1.4.
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Figure 1.2. Continuous bucket rope used by the Chinese to irrigate rice fields
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