Text 1

Hydraulics

Introduction. The science of hydraulics, in its limited sense and as originally understood, had for its object the consideration of the laws regulating the flow of water in channels, but it has come to have a wider significance (1), and it now embraces the study of principles involved in the pumping of water and other fluids and application to the working of different kinds of machines.


The practice of conveying water along artificially constructed channels for irrigation and domestic purposes dates back into great antiquity. The Egyptians constructed transit channels for warlike purposes, as early as 3000 B.C., and works for the better utilization of the waters of the Nile were carried out even earlier date.


The gardens of Solomon were made beautiful by fountains and other water works. The aqueducts of Rome, The aqueducts of Rome, some of which were constructed more than 2000 years ago, were among “the wonders of the world”, and today the city of Athens is partially supplied with water by means of the aqueduct constructed probably some centuries before Christian era.


The science of Hydraulics, however, may be said to have only come into existence at the and of the seventeenth century when the attention of philosophers was drawn to the problems involved in the design of the fountains, which came into considerable use (2) of Italian landscape gardens, and which according to Bacon, were of “great beauty of refreshment”. The founders were principally Torricelli and Mariotte from the experimental, and Bernoulli from theoretical, side. The experiments of Torricelli and of Mariotte to determine the discharge of water through orifices in the side of tanks and through short pipes, probably mark the first attempts to determine the laws regulating the flow of water. And Torricelli’s famous theorem may be said to be the foundation of modern Hydraulics. But it was not until a century later (3) that any serious attempt was made to give expression to the laws regulating the flow in long pipes and channels, and practically the whole of the knowledge we bow posses has been acquired during the last century.

Simple machines for the utilization of the power of natural streams have been made for many centuries.


Ctesibius, a philosopher of Alexandria, invented the reciprocating pump 300 years B.C., but it has been reserved to the workers of the nineteenth century to develop all parts of hydraulic machinery, and to discover the principles involved in their correct design. 


Notes to the text:

1. … it has come to have a wider significance - … она приобрела широкое значение
2. … which came into considerable use - … которые стали широко использоваться
3. But it was not until a century later – И только спустя столетие
Words and words combinations to be remembered:

carry out – выполнять
convey – 1. передавать; 2. проводить

discharge – 1. расход, отпуск, сток; 2. расходовать

flow – 1. поток, расход; 2. течь, протекать

fluid – 1. жидкость; 2. жидкий

involve – включат, задействовать

involved – 1. включенный, рассматриваемый; 2. данный, имеющий место

orifice – отверстие, выход, проход

pipe – труба, трубка

power – сила, мощность, энергия

reciprocating pump – поршневой насос
stream – поток
supply (with) – снабжать, давать, подавать

Exercises:

I. Read the words and give their Russian equivalents without using a dictionary:

canal



channel

experimental

hydraulics

limit

machinery

modern

natural

philosopher

practice

principal

problem

regulate

theoretical

theorem

transit

II. Translate the sentences into Russian paying attention to the Russia equivalents of the words “to involve” and “involved”.

1. Hydromechanics involves Hydrostatics and Hydrodynamics.

2. Hydraulics deals with the study of principles involved in the pumping of water and other fluids and their application to the working of different kinds of machines.

3. At the end of the seventeenth century philosopher’s attention was drawn to the problems involved in the design of the fountains.

4. Energy is involved in every motion.

5. We have to consider all the factors involved in the construction of hydraulic machines.

6. Most engineering problems involve so many variables that it is possible to solve them by mathematical analysis alone.

7. The designing of the pump involved presents some difficulties.

III. Answer the questions:

1. What does the science of Hydraulics study?
2. When did people begin to use artificially constructed channels for irrigation and domestic purposes?
3. Are such channels used for irrigation now?
4. For what purposes did the Egyptians constructed the transit canals?
5. When did Hydraulics come into use as a branch of science?
6. In what country and when was the first reciprocating pump invented?
7. Who made the first attempts to determine the laws regulating the flow of water?
8. In what country were all kinds of Hydraulic machinery developed?
9. whose theorem may be considered to be the foundation of modern Hydraulics?
IV. Chose the correct variant showing that you have read the text attentively:

1. The science of Hydraulics may be said to have come into existence ….

a. only this century

b. at the and of the seventeenth century

c. last century

2. The first reciprocating pump was invented ….

a. by Torricelly

b. by Mariotte

c. by Ctesibius

3. The foundation of modern Hydraulics is ….

a. Torricelli’s famous theorem

b. Barnoulli’s famous theorem

4. We know … to be among the wonders of the world.

a. the Egyptian transit canals

b. the aqueducts of Rome

c. the Egyptians fountains

Text 2

Fundamentals of Fluid Flow


Introduction. The principles relating to the behavior of water or other fluids at reast are based on certain definite laws, which hold rigidly in practice. In solving problems involving this principles it is possible to proceed by purely rational methods, the results obtained being free from doubt or ambiguity (1). Calculations are based upon a few natural principles, which are universally true and simple enough to permit easy application. In problems ordinary encountered in hydrostatics, after the unit weight of the fluid has been determined, no other experimental data are required.


A fluid in motion, however, presents an entirely different condition. Though the motion undoubtedly takes place in accordance to fixed laws, the nature of this laws and influence of the surrounding conditions upon them are very complex and have thus far defied exact expression in mathematical form (2). However, a great number of engineering problems involving fluid have been solved by combining mathematical theory with experimental data. 


A conception of the underlying principles governing fluids in motion is made possible by assumption of certain conditions. These assumed conditions, however, very more or less from those which actually exists, and fundamental formulas based upon them must be modified by introducing experimental coefficients.


A formula with its empirical coefficients included, requiring only that numerical values be affixed to the coefficients to make it adaptable to the solution of problems is referred to as a base formula. Certain formulas used in hydraulics differ so widely from the fundamental form that they have little in any claim to a rational basis (3), but have been sustained by so many measurements that they form the basis of engineering design and are accepted in court practice for the settlement of disputed questions.


Although many of the laws governing the flow of fluids have been well known for centuries, as in other brunches of science, it has been only within comparatively recent times that applications of these laws have been widely extended. Most of the early knowledge of hydraulics applied only to water, as the name indicates. With modern use of oil, gasoline, chemicals, steam and gases it has been necessary the laws of hydraulics both mathematically and experimentally to include these fluids. A great step in advance was made when it was discovered, largely through the research of Osborne Reynolds, that, from coefficients derived from experiments on any particular fluid , it is possible to compute, at least approximately, the coefficients applicable to the flow of any other fluid. A determination of the fundamental properties of density, viscosity, and surface tension of the fluids is necessary for this computation. 


It cannot be emphasized too often, however, there is still much to be learned regarding the behavior of all fluids in motion, even of water. Practical problems in hydraulics constantly arise which are apparently simple to explain or solve by theory or by laboratory technique but which prove extremely baffling because of lack of thorough determination of the fundamental characteristics of the fluids involved. As a result, many experimental data obtained with water and other fluids are conflicting, a condition due partly to the fact records of temperature of the fluid were not kept.


Notes to the text:

1. … the results abstained being free from doubt or ambiguity – … (причем) полученные результаты однозначны и не подлежат сомнению
2. … have thus far defied exact expression in mathematical form - … до сих пор не поддавались точному математическому описанию
3. … they have little of any claim to a rational basis … - … их трудно, если вообще возможно, объяснить на основании теории …
Words and word-combination to be remembered:

at rest – в состоянии покоя

condition – условие
complex – сложный
density – плотность
determine – определять
encounter – встретиться, наталкиваться

extend – распространять

in accordance with – в соответствии с …

include – включать
present – представлять, давать

proceed – 1. продолжать; 2. действовать, поступать

measurement - измерение

refer to – ссылаться на ….
regarding … - что касается …, с точки зрения …

relate – 1. относиться; 2. связывать

surface tension – поверхностное натяжение

unit – единица

vary – меняться

viscosity – вязкость

Exercises

I. Read the words and give their Russian equivalents without using a dictionary:
rational

fundamental

universally

conception

mathematical

characteristics

hydrostatics

empirical

chemical

technique

coefficient

basis

record

II. Insert words from the text

1. We can … this problem by combining theory with experimental data.

2. This theory was … accepted.

3. This assumed conditions … from those, which actually exist.

4. This theory explains … of water at rest.

5. It is possible to … approximately the coefficients applicable to the flow of any liquid.

6. The laws of hydraulics … not only water but many other fluids.

7. This engineering problem is too … to be solved by laboratory techniques.

8. The results … by as are satisfactory.

9. The motion of fluids … in accordance with fixed laws.

10. A great ... of engineering problems are solved by … mathematical theory with experimental data.

III. Give Russian equivalents for the following word-combinations:

at rest, a great number of, in motion, due to, in accordance with, because of, to take place, more or less, at least, in advance, as a result.

IV. Arrange the following words in synonymical pairs:

permit, fluid, obtain, allow, ordinarily, very, liquid, usually, indicate, learn, show, get, nearly, due to, come, know, extremely, change, approximately, very, because of.

V. Find antonyms for the words in group “A” among the words and words combinations in group “B”.

a). simple, at rest, different, exclude

b). the same, complex, include, in motion

VI. Find a word in list “B” to fit each word in list “A”.

Model: a rational method

a). complex, exact, numerical, modern, thorough, fundamental, dispute

b). value, expression, problem, property, question, use, determination

VII. Translate the following statements without using a dictionary:

1. A liquid is a fluid, like water or oil, which have a free surface, such as the surface of water in a glass.

2. The flow is assumed to be axysymmetric.

3. The higher a fluid’s temperature, the lover its viscosity.

4. The application of this method doesn’t require any more time that it would be ordinarily be necessary in design projects.

5. Much work would be required to develop hydraulic machines to operate at higher pressures.

6. Our professor tried to explain the conditions under which the basic theory is directly applicable to an engineering problem.

7. To minimize friction of the hydraulics system certain physical and chemical conditions must be considered.

8. Hydraulic systems are widely used in aircraft.

9. We have developed methods for calculating the effect of pressure on the seize and weight of components of aircraft hydraulic systems.

10. If this experiment is repeated with some other liquid instead of water, the same result will always be obtained.

11. Bernoulli’s theory explained the behavior of gases.

VIII. Give nouns corresponding to the following verbs:

determine, calculate, introduce, express, combine, know, discover, doubt, govern, assume

IX. Translate the following groups of words:

compute – computer - computation

apply – applicable – application

solve – solution – unsolved

assume – assumption – assumed

compare – comparison – comparatively

doubt – doubted – undoubtedly

use – usage – useful – useless

calculate – calculation – calculator

Text 3

Path Lines and Stream Tubes
A fluid in motion can be considered to consist of great number of individual particles all of which move in the general direction of flow but usually not in parallel lines or even with continuous mouton. The irregular rise of large volumes of smoke in air and the boiling and adding of rivers are familiar phenomena which illustrate the point. Yet, at times a thin column of smoke in still air will rise in almost a straight vertical line without being dispersed through the liquid.


These phenomena are cited to indicate complex nature of fluid flow. It is possible, however, to arrive at a solution of many engineering problems by making certain simplifications. To aid in understanding these simplifications a brief statement of the nature of fluid flow with certain definitions is given here.


Any particle of a stream of fluid has at any given instant a certain velocity, V, possesses both magnitude and direction. At the next instant forces acting on the particle may cause it to have a velocity, which is different in amount and direction. The path followed by particle, called a path line, is ordinarily a curve in three dimensions.


If path lines were drawn for all particles in a stream their complete effect would represent the motion of entire stream. Most problems in applied hydraulics can be solved by considering the entire cross-section of the stream. It is sometimes advisable, however, to consider only a small part of the cross-section. For this purpose a small bundle of path lines called a stream tube can be used. Such a tube can be used by an imaginary surface formed be surrounding layers of the liquid.

Words and word-combination to be remembered:

applied hydraulics – прикладная гидравлика
at time – иногда

cause – заставить

composite – сложный, составной

consider – рассматривать

consist of – состоять из

cross-section – сечение

disperse – рассеивать, разгонять

curve – кривая

dimension – измерение; размеры, величина, объемы

direction – направление

entire – весь, целый

imaginary – воображаемый

layer – слой

liquid – жидкость

magnitude – величина
particle – частица
path – путь

still – тихий, спокойный

velocity – скорость

volume – масса, объем

Exercises

I. Give their Russian equivalents to the following words without using a dictionary:
individual

irregular

column

complex

typical

projection

phenomenon

parallel

vertical

II. Answer the following questions:

1. What phenomena illustrate the motion of individual particles comprising a flow?

2. Do particles of fluid move in parallel lines or just in general direction of flow?

3. Why are simplifications used for solving many engineering problems in hydraulics?

4. What do we call a vector quantity?

5. Are you familiar with vector quantities in physics?

6. What is a path line?

7. How many dimensions has path followed by a particle?

III. Insert words from the text:

1. The path followed by a particle is a … .

2. Velocity is a vector … .

3. A vector … possesses both … and direction.

4. A fluid motion consists of a great … of particles.

5. Individual particles move in the general … of flow.

6. The particles of fluid do not move in ... lines

7. A path line is ordinarily a curve in three … .

IV. Arrange the following words in synonymical pairs:

aid, moment, quantity, speed, definition, help, velocity, instant, amount, possess, determination, have.

V. Give singular of:

phenomena, data, spectra, criteria, equilibria, analyses, radii, nuclei, loci.

VI. Translate the following sentences without using a dictionary:
1. Everyone is familiar with the three classes of substances: solids, liquids and gases.

2. The reader may be familiar with vectors as met in physics.

3. The body continued to move with uniform velocity along straight lines.

4. Hot fluid causes unwanted increases in system speed and maximizes vibration.

5. The amount of energy in this device was assumed to be constant.

6. In order to determine the density of the body, it is necessary to de determine its mass and its volume.

7. The numerical density of a body depends ob the units in which the mass and the volume are measured.

8. Engineering now requires a mathematical base at least an order of magnitude higher than twenty years ago.

9. F weighed quantity of the liquid to be tested was placed in test-tube.

10. The path followed by particle of a steam is said to be a path line.

VII. Translate the words with negative prefixes:

irregular, unfamiliar, unsolved, indefinite, non-parallel, discontinuous.

VIII. Translate the following words of the same root:

direct – direction – director; simple – simplification – simply; definition – define – definite; dimension – two-dimensional – three-dimensional.

IX. Choose the correct variant:

1. The fluid in motion consists of ….

a. particles moving in parallel lines.

b. particles moving in non-parallel lines in the general direction of flow.

2. The velocity of any particle of fluid … 

a. is affected by external forces acting upon it.

b. is constant in magnitude and direction.

3. Velocity is … 

a. a scalar quantity.

b. a vector quantity.

4. The path followed by the particle of flow is …

a. a straight line.

b. a curve.

c. a discontinuous line.

X. Translate into English:
1. Поток жидкости состоит из большого количества отдельных частиц.

2. Эти явления показывают сложный характер потока жидкости. 

3. Векторы имеют величину и направление.

4. Эта кривая представляет собой линию движения частиц.

5. Мы должны измерить поперечное сечение потока

6. Все эти кривые трехмерны.

7. Мы знакомы с некоторыми трудными проблемами в прикладной гидравлике.

8. Некоторые технические проблемы можно решить с помощью математических упрощений.

Text 4

Laminar and Turbulent Flow

Flow is said to be laminar when the paths of the individual particles do not cross or intersect. With this type of flow in conduits having parallel sides the path lines are parallel. Moreover, the stream tubes are of constant cross-section and have directions parallel to the sides of the conduit and each other. The velocities in the various path lines are not the same, however, but increase with the distance from the walls of the conduit.


In conduits having non-parallel sides, the path lines converge or diverge. The cross-sectional area of each stream tube varies proportionally with that of the conduit, but its relative position in the cross-section does not change. Converging path lines usually result in increased velocity in each path line, whereas diverging path lines result in decreased velocity.


Any fluid will flow laminar motion under certain limiting conditions. Conditions, which tend to produce laminar flow, are low velocity, small size of conduit, and high viscosity of fluid. Laminar flow is frequently encountered in the flow of oil in pipes and the flow of fluids through small tubes. The percolation of underground water or oil through sandbeds is an example of laminar flow.


Beyond these limiting conditions of laminar flow the flow becomes sinuous or turbulent. Flow is said to be turbulent when its path lines are irregular curves which continually cross other and form a complicated network which in the aggregate represents the forward motion of the entire stream. The particles of a stream flowing with turbulent motion occupy successively various transfuse positions without any regularity, and their paths are neither parallel nor fixed. A particle that at one instant is near the center of the conduit may an instant later be near the outer walls, and vice versa.


The laws governing laminar flow have been derived by mathematical theory, and the results agree closely with experimental data. However, the flow of water and other fluid in engineering problems is partly always turbulent; and laws of turbulent flow have thus far baffled all attempts at complete mathematical derivation. Further studies are conditionally being made of the causes and effects of the complex nature of turbulent flow. Pending a more complete analysis than is now available (1), applications of the hydraulics of turbulent flow must still be based on a combinations of mathematical analysis with empirical coefficients.

Notes to the text

1. Pending a more complete analysis than is now available … - Хотя требуется более полный анализ, чем анализ, который сейчас доступен, все же … 

Words and words-combinations to be remembered:

baffle – опрокидывать (теорию)

conduit – труба, трубопровод

converge – сходиться, сливаться

diverge – отклоняться, расходиться

intersect – пересекать (-ся)

laminar flow – ламинарный поток

mathematical derivation – математический вывод

percolation – просачивание

result from – вытекать из, являться результатом, следовать

to result in – давать, приводить к

sinuous – извилистый

turbulent flow – турбулентный поток

vice versa – наоборот

Exercises

I. Read the words and give their Russian equivalents without using a dictionary:
aggregate

combination

empirical

individual

laminar

mathematical

parallel

percolation

position

proportional

turbulent

viscosity

II. Ask questions to which the following could be answers:
1. The velocities in the various path lines are not the same.

2. The percolation of underground water is an example of laminar flow

3. The laws governing laminar flow have been derived by mathematical theory.

4. Any fluid will flow with laminar motion under certain limiting conditions.

5. Application of the hydraulics of turbulent flow must be based on a combination of mathematical analysis with empirical coefficient.

III. Give English equivalents of the following words:
труба, трубопровод

сходиться

расходиться

просачиваться

траектория

пересекать, скрещиваться

скорость

приводить к 

жидкость

масло

частица

данный
сложный

применение

IV. Translate the sentences into Russian:
1. Specialists in hydraulics should know the laws governing both laminar and turbulent flow.

2. The Egyptians conducted channels both for warlike purposes and for irrigation.

3. Both Torricelli and Matiotte carried out many experiments to determine the laws regulating the flow of water.

4. With modern use of oil, gasoline, chemicals, steam and gases it has been necessary to extend the laws of hydraulics both mathematically and experimentally to include these fluids.

5. The research of Osborne Reynolds resulted in the discovery of coefficients applicable to the flow of any fluid. 

6. Converging path lines usually result in increased velocity in each path line.

7. We know that diverging lines result in decreasing velocity. The science of hydraulics resulted from the attempt of scientists to give expression to the laws regulating the flow in long pipes and channels.

V. Choose the correct variant showing that you have read the text attentively:
1. If the sides of conduits are nit parallel the path lines …

a. converge

b. diverge

c. change

d. increase

2. Conditions which tend to produce laminar flow are …

a. large size or conduit

b. small size or conduit

c. slow velocity of fluid

d. great velocity of fluid

3. When the paths of the individual particles do not cross or intersect the flow is said to be …

a. laminar

b. turbulent

c. sinuous

4. Converging path lines usually result in …

a. the same velocity

b. increased velocity

c. decreased velocity

Text 5

Discharge

The rate of low or the volume of fluid passing a cross-section of a stream Q will be used to discharge, the usual units being cubic feet per second (cfs).


It is customary in certain lines of engineering to use (1) other units, for instance, cubic feet per minute (cfm) for measuring the flow of air, gallons per minutes (gpm) in connection with pumping machinery, and gallons per day (gpd) in connection with water supply.


If a uniform velocity at all points in the cross-section of a stream were possible there would be passing any section, every second, a volume equivalent to that of a prism having a base equal to the cross-sectional area of the stream and a length equal to the velocity. Because, however, of the varying effects of friction and viscosity, the individual particles in a stream have different velocities. For this reason it is common in hydraulics to deal with mean velocities. If 
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 is the mean velocity in feat per second past any cross-section, and 
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 is the cross-section area in square feet, 
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Steady flow. If the discharge 
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 passing a given cross-section of a stream is constant with time, the flow is steady at that cross-section. If 
[image: image6.wmf]Q

 at the cross-section varies with time the flow is unsteady. Examples of unsteady flow are discharge through orifices under falling head and sudden stopping of flow in pipe lines with the resulting phenomenon called water hammer.

Uniform flow. If, with steady flow at any length, or “reach”, of a stream, the average velocity at every cross-section is the same, the flow is said to be uniform in that reach. For fluids considered incompressible this condition requires a stream of uniform cross-section. In streams where changes of cross-section and velocity occur, the flow is said to be non-uniform flow gases, strictly uniform flow seldom occurs, owing to the expansion resulting from the reduction in pressure that usually takes place along the path of the flow. Thus, steady flow involves permanency of conditions at any particular cross-section, whereas uniform flow implies simultaneously uniformity of conditions at successive cross-sections.

Frictional Loss. A fluid in motion encounters a frictional lass, which in an expenditure of energy to overcome resistance to flow. The expended energy is transformed into heat. After being so transformed it cannot, through the ordinary processes of nature, be reconverted into any of the useful forms of energy contained a flowing fluid and is therefore often referred to as lost energy or lost heat.

The exact manner in which this is loss occurs needs further study. The loss must not be thought of as caused by friction (2) between the stream and the walls of the conduit, but rather as occurring within the stream itself. It mat occur as the result of friction between the various fluid particles as they rub against one another, or it may be due to loss in kinetic energy resulting from the impact of molecules or masses moving with different velocities. When flow is laminar the layer of fluid adjacent to the conduit walls has no motion. There can be no friction between the fluid and conduit. Furthermore, with laminar flow, the magnitude of the friction loss is independent of the degree of doughtiness of the conduit.

Even in turbulent flow, when any fluid wets the all of the conduit through which it flows, there is a film of the fluid adjacent to the walls that laminar motion. If this is true there can be no friction between the fluid and the wall because the outermost layer of the fluid adhere to the wall and has no motion with reference to it. With turbulent flow the roughness of the conduit walls does, however, have a direct affect upon the amount of frictional loss since turbulence increase with the degree of roughness. 

Notes to the text:
1. It is customary in certain lines of engineering to use … - В некоторых областях техники привычно использовать …

2. The loss must be through of as cause by friction … - Нельзя считать, что потеря вызвана тернием …

Words and word-combinations to be remembered:
adhere – прилегать, сцепляться

adjacent – соседний

average – средний

constant – постоянный, неизменный

discharge – расход, выброс
designate – обозначать
expenditure – расход
friction – трение

head – напор, высота напора

loss – потеря

mean – средний

occur – иметь место, происходить

permanency – постоянство

rather – скорее

reach – радиус действия

resistance – сопротивления

roughness- шероховатость, неровность

simultaneous- одновременный

uniformity – равномерность, постоянство

water hammer – гидравлический удар

Exercises

I. Fnswer the following questions:
1. What is the discharge?

2. What symbol is used to designate the discharge?

3. What are the usual units of discharge?

4. Are velocities of all the individual particles of a stream alike?

5. Why do the individual particles of a stream have different velocities?

6. What equation gives the mean velocity of a particle?

7. What flow is called steady?

8. What flow is called unsteady?

9. Why does steady uniform flow seldom occur with gases?

10. What is the difference between steady flow and uniform?

II. Give Russian equivalents for the following combinations:

owing to, in connection with, for instance, pay day, for this reason, take place, result from, in certain lines of engineering

III. Arrange the following words in synonymical pairs:

average, occur, for instance, permanent, reduction, common, constant, take place, doe to, for example, customary, decrease, owing to.

IV. Translate the following adjectives:
Unsteady, incompressible, non-uniform, impossible, uncommon, unacceptable, unequal.

V. Translate the following sentences into Russian:
1. The energy, which a body possesses due to its motion, is called kinetic energy. 

2. Because of very low density, it is difficult to measure directly the temperature of the upper atmosphere.

3. Steam is the principle factor in producing energy owing to the power created by its expansion.

4. The flow of gas is a more complex problem than the flow of liquid owing to the greater compressibility of the former.

5. We are familiar with the principle of operating these machines thanks to our laboratory assistant.
VI. Translate into Russian:
1. The mean density of the earth is about 5.5, that is to say, it weights 5 and a half times as much as an equal volume of water. 

2. It is generally possible by suitable means to increase the stream of the liquid.

3. The deeper we get to understanding the laws of nature, the more powerful means we acquire for remaking it.

4. The melting point means the temperature at which a solid changes into a liquid without a change temperature.

VII. Translate into Russian without using a dictionary:
1. Liquids are elastic, but they are so nearly incompressible, that this property is not of much practical use.

2. When dealing with gases it is common practice to consider them under a pressure of 1 atmosphere.

3. When a body moves at uniform speed about a fixed axis, the forces which act on this body are balanced.

4. The pressure-drop measurements for the water tests are shown as friction factors.

5. It is common knowledge that fluid mechanics is combination of an analytical and empirical science.

6. The scale in common use today are the Fahrenheit, Kelvin and Centigrade. 

7. The average speed of molecules increases as the temperature increases.

8. Units of area and volume can be obtained by squaring and cubing any unit of length.

9. The gases expand when passing through the turbine.

VIII. Form 4 statements in combining suitable parts of the sentences given in columns one and two
1. Steady flow is the flow


2. Laminar flow is the flow

3. Turbulent flow is the flow

4. Uniform flow is the flow  

1. where its path lines are irregular curves which continually cross each other.
2. where at any point in a stream all conditions remain constant with respect to time but they may be different in different points.
3. where at given instant the velocity is the same in both magnitude and direction at every point in space.
4. where the paths of the individual particles do not cross or intersect.
IX. Choose the correct variant:
1. The discharge is measured in …

a. cubic maters

b. cubic feet per second

c. degrees

d. square feet per second

2. The individual particles in a stream have …

a. the same velocities

b. mean velocities

c. different velocities

3. Hydraulics deals with …

a. mean velocities

b. individual velocities

4. Different velocities in a particle of a stream are due to

a. the substance they consist of

b. friction and viscosity

c. the diameter of the pipe

Text 6

Hydraulics Machinery- Pumps and Turbines

The engineer is often called upon to design equipment to convert fluid potential or pressure energy into mechanical energy, making use of the potential energy of water provided by the rain that falls on the high places of the earth, or the pressure energy which is produced be the burning of a suitable fuel in air. The converse job is also frequently experienced convert mechanical energy into fluid energy. The equipment for the former job is termed a turbine or motor, and for the latter a pump. The machines to do either are basically the same, and indeed one machine can do both jobs though usually at a low efficiency.

A reciprocating piston and cylinder machine can be used as a pump or as a motor. There are many designs for this sort of energy converter, using either gas or liquid as a working fluid, but in general they present few problems of fluid mechanics although there are often different problems of mechanical engineering design in them. This piston pumps (or motors) become unwieldy if they are designed to pass large quantities of fluid. That must also have delicate speed control coupled to any valves on the pipeline from their outlets, for they cannot continue working with impurity against a shut valve.

The other family of hydraulic machines is the so-called rotodynamic machine group. These comprise centrifugal and propellers and fans for air and other gases. All this family presents problems of fluid mechanics. The common feature of all these machines is that they have rotating element, and that the working fluid have at some stage a tangential velocity component around the axis of the shaft. This is called the whirl component of motion 
[image: image7.wmf]W

. In the case of pumps or compressors, the rerotating part of the machines imparts whirl to the fluid. Later the whirl is removed by a stationary part of the machine, the resultant deceleration increasing the pressure of the fluid. In the case of turbines, a stationary part of the machine converts the pressure energy of the oncoming fluid partly into whirl and in doing so has exerted on itself a torque, thus supplying mechanical energy to the shaft.

Pelton wheels. The simplest sort of turbines is a Pelton wheel. This consists of a number of nozzles at the end of a pipe from which jets of fluid play on to a series of projections on the periphery of a wheel. Fluid at pressure in the supply pipe is converted to a high velocity in the nozzles which are arranged to make their jets arrive tangentially at the wheel.

The high velocity jet of water moving with velocity 
[image: image8.wmf]1

V

 impinges on the vanes or buckets which themselves move in the same direction with velocity 
[image: image9.wmf]U

. The buckets direct the fluid so that the direction of its relative motion is turned through about 
[image: image10.wmf]0

180

, the small angel 
[image: image11.wmf]a

 less than this being necessary if the redirected fluid is to fall clear of the following bucket. Then, if it is assumed that the water impinges on the bucket at the same radius, 
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, as that from which it leaves, the change in angular momentum is 
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and the work done par pound per second of fluid becomes
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if drag forces between the fluid and bucket are neglected so that 
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. Differentiating equation with respect to 
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, the bucket velocity, and equating the result to zero gives
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Which shows that for a given jet velocity, and hence fluid kinetics energy at inlet, the work done and the efficiency of the Pelton wheel will be a maximum when the bucket speed is one-half of the jet speed.


Limitations of the Pelton wheel. Pelton wheels to work under low heads are large slowly rotating affairs if they are to develop large powers. Such wheel will be unwieldy, costly and difficult to govern to a constant speed of the loan should change. Further, the common requirement of a turbine is to generate electric power, and this demands speeds at least of the order of 50 revs/min if the generator is to be of an economical size. For all these reasons Pelton wheels are not normally used for heads much less than about 500 ft if the power to be developed is fairly large. It should however be noticed that there are no reasons of principle in this decision, only those of size, economy, ease of construction, ad of simplicity in governing.


Words and word-combination to be remembered:

angular – угловой
bucket – лопасть, поршень
centrifugal – центробежный

couple – соединять, спаривать, сцеплять

deceleration – замедление

equate – уравнивать, записывать в виде уравнения

fan – вентилятор

impinge – ударяться

jet – струя, сопло; бить струей

load – нагрузка, груз

neglect – пренебрегать

nozzle – сопло

outlet – выпускное (выходное) отверстие, выход

stationary – неподвижный, стационарный

supply pipe – подающая труба

tangential – направленный по касательной

vane – лопатка, лопасть

unwieldy – громоздкий

whirl – вихрь, вихревое движение, завихрение

Exercises

I. Answer the following questions:
1. What device converts fluid potential or pressure energy into mechanical energy?

2. In what equipment is mechanical energy converted into fluid energy?

3. What device can be used both as pump and as motor?

4. What working fluids are used in cylinder machines?

5. How are hydraulic machines subdivided?

6. What devices are included into retrodynamic machine group?

7. What is the common element of the machines compressing the retrodynamic machine group?

8. What does a Pelton wheel consist of?

9. For what heads are Pelton wheel used?

10. What are the limitations of the Pelton wheel?

II. Give Russian equivalents of the following word combinations:
to call upon, to make use of, the former … the latter, with respect to, under low heads, for all these reasons, at the same radius.

III. Arrang the following words in synonymical pairs:
hence, frequently, costly, fairly, to rotate, to convert, often, to arrange, expensive, therefore, to revolve, to on come, to put into order, head, to change into, to approach, shape, pressure, form, rather.

IV. Find antonyms in group 2 to the words in group 1:
1. acceleration, costly, inlet, increase, low, shut;

2. decrease, cheap, high, open, deceleration, outlet.

V. Give nouns corresponding to the following adjectives:
costly, angular, economical, efficient, resultant, relative, easy, tangential, stationary. 

VI. Form for statements combining suitable parts of the sentences given in columns 1 and 2:
1. Hydraulic machine is


2. Nozzle is

3. Vane is

4. Head is  

5. pressure exerted by a confined body of water per unit of area.
6. a flat or curved surface exposed to a flow or air, gas or liquid so as to be impelled to move or to rotate about an axis.
7. a device for the exchange of energy between a mechanical system and fluid medium.
8. a short tube that often forms the vent of a pipe and is used to direct the flow of fluid or to increase the velocity of flow.
VII. Translate the following passages into Russian without using a dictionary:
1. Turbine and rotodynamic pump may be classified in various ways. One of these depends on the nature of the path of the fluid through the passages in the rotor. When the path is mainly in a plane perpendicular to the axis of rotation we have a radial flow machine, such as centrifugal pumps and Thomson turbines, but when the flow is mainly parallel to the axis of rotation we have an axial flow machine. Finally we have mixed flow machines.

2. The efficiency of a hydraulic machine is not constant over the range of its conditions of operation. It is aim f the designer to secure the highest possible efficiency on the condition which is of greatest importance in service. There will be some fall in efficiency in other conditions but, with good design, the fall will be very small, with a considerable range of operating conditions.

VIII. Choose the correct variant:
1. The equipment for the converting fluid potential into mechanical energy is termed …

a. pump

b. a motor

c. a turbine

2. Piston pumps can pass … of fluid.

a. large quantities

b. small quantities

3. The rotodynamic machine group includes …

a. centrifugal pumps

b. piston  pumps

4. The common requirement of the turbine is to generate … 

a. mechanical energy

b. chemical energy

c. electrical power

5. Fluid at pressure in the supply pipe of the Pelton turbine is … in the nozzles.

a. decelerated

b. accelerated

6. Pelton wheels are used for …

a. low heads

b. high heads

Text 7

Impulse Turbines

Definition. As impulse turbine, whether for water, steam, or gas, is one in which the total drop in pressure of the fluid takes place in one or more stationary nozzle and there is no change in pressure of the fluid as it flows through the rotating wheel. As there is to be no pressure variation in flow over the buckets of vanes, it follows that the fluid especially if it is a liquid, must not fill the passageway between one bucket or vane and the next. As the pressure within the turbine is thus uniform, it is not only possible, but customary, for only a portion of the circumstance of the wheel to be acted upon the fluid at any one instant.


All the energy of the fluid entering the rotor is the form of kinetic energy of the jets. In flow over the buckets or vanes of the runner this kinetic energy is absorbed by transformation into mechanical work delivered to the shaft, a part is dissipated in fluid friction, and there is some residual kinetic energy of the fluid leaving the rotor.


There is no justification for the use of the term “impulse”, by it has become established by long usage (1), although some other designation such as “pressureless” would be more appropriate (2). The preceding statements as the theory represented in this text apply to all types of turbines, but steam and gas turbines involve thermodynamic principles in addiction, and their complete theory is not given here. Because of practical features the mechanical construction of hydraulic turbines differs widely from that of steam or gas turbines, and physically they bear little resemblance (3) to each other.


The Hydraulic Impulse Turbine. There have been several types of hydraulic impulse turbines produced in the past, but the only one that has survived is the Pelton wheel, so called in honor of Lester A. Pelton (1829 – 1908), who contributed much to its development in the early old-mining days in California. Pelton was granted a patent in 1880 on an improved type of bucket, its principal feature being a “splitter” in the middle, as previously the buckets were merely cups. Later W. A. Doble brought out the “ellipsoidal” bucket, which I the basis of the modern forms.


 Settings. Impulse turbines are usually set with the shaft horizontal, and there is only one jet on a wheel. If an electric generator is given by one wheel, the generator is mounted bet-two bearings with the wheel outside. It is then called a single-overhung unit. Often a single generator is driven by two wheels and this is a “double-overhung” unit.


Occasionally two or more jets may be employed on the wheel in order to increase the power of a horizontal-shaft wheel, but preferably this should be with a vertical- shaft turbine. 


Reaction Turbines. Definition. A reaction turbine, whether hydraulic or steam or gas, is one in which there is only a partial drop in pressure in a stationary nozzle, the reminder of the pressure drop taking place in the rotating wheel. As a consequence the proportion must be such that fluid fills all the runner passages completely. This makes it necessary also that the fluid be admitted to the rotor around its entire circumference. Inasmuch as the entire circumference is in action, this factor alone permits of a smaller diameter of rotor for the same power that is found with an impulse wheel. 


Evolution of the Reaction Turbine. The first reaction turbine of which we know was the steam turbine of Hero in Egypt about 120 B.C.


Perhaps it was never ever built, but the drawings for it a still in existence and show a spherical vessel in which steam was generated and discharged through the small nozzles in a tangential direction. The reaction of these jets would cause the device to rotate. In the hydraulic fluid the rotating lawn sprinkler is an elementary reaction turbine. The addiction of more arms to permit of a greater low, so as to produce a net power output, developed a power machine known as Barker’s mill.


A continuing increase in a number of arms terminated in a complete wheel with passages separated by vanes, but the device was not very efficient until 1826 a Frenchman by the name of Fourneyron added stationary guide vanes in central position. These guide vanes gave the water a definite tangential component, and thereby imparting angular momentum to the fluid entering the rotor.


This outward-flow turbine was efficient, but the mechanical construction was not good because a relatively large portion around the axis was devoted to fixed guide vanes, while the rotating element was on the outside. The inward-flow turbine permits of a better mechanical construction since the rotor and shaft form a compact unit in the center, while the stationary guide vanes are on the outside. Several crude inward-flow turbines were constructed around 1838, but the first to be well designed was built in 1849 by the eminent hydraulic engineer James B. Francis (1815 – 1892). He made an accurate test of this turbine and published the data. All inward-flow reaction hydraulic turbines are known as “Francis turbines” both in this country and in Europe even though they have developed into very different forms from the original.


It is purely radial-flow turbine with both entrance and discharge edges of the runner vanes parallel to the axis of rotation, so that the radii at the entrance and exit are the same for all streamline. It is thus more amenable to theoretic analysis then are modern turbines. The inner diameter was very large compare with the outer diameter of the runner, To make it more compact by reducing the inner diameter, it became necessary to discharge the water with a velocity having an axial as well as a radial component. Thus the flow within the runner is no longer purely radial.


The increasing demand for both higher rotating speed and power, in other words, higher specific speed, required a reduction in the diameter of the runner for the same peripheral velocity, and to mountain the same power or even to increase it, the entrance area had to be maintained, or even enlarged, by increasing the dimension of the runner parallel to the shaft. This resulted in the mixed-flow runner, which is still called a “Francis runner”.


The range of specific speeds of Francis runner can be from 10 to 110, but usually practice is from 20 to 80 or 90. In order to obtain both speed and power under very low heads the axial-flow, or propeller, special type of runner is employed. With this design specific speeds can be from 1000 to 250, but the general practice is from 100 to 200. It is seen that the flow is axial in that each streamline is at a constant distance from the axis as it flows through the runner. Also, it is apparent that the radius varies from one streamline to the next. The axial-flow, or propeller, type of runner may have fixed blades, or the blades may be turned in order to very the area between them in portion to the loan.


This operation, while the wheel is running, may be done either by hand or the governor. This type of axis-flow turbine with adjustable blades is called a “Kaplan turbine”. It has a much higher efficiency on part load than the fixed-blade propeller.


Notes to the text:

1. … by long usage – от длительного применения

2. … would be more appropriate – был бы более подходящим
3. … they bear little resemblance – они имеют слабое сходство
Words and word combinations to be remembered:\

arm – лопасть
bearing – подшипник, опора, шейка вала

cup – чашка

drop – падение, спад

governor – регулятор

guide vane – направляющая лопасть

inward-flow turbine – турбина с внутренним впуском

impulse turbine – свободноструйная (активная) турбина

net power output – чистая энергия
mount – собирать
radial-flow turbine – радиальная турбина
reaction turbine – реактивная турбина
outward-flow turbine – турбина с наружным впуском

overhung – консольный

shaft – вал

set – устанавливать, налаживать

setting – установка, регулирование

specific speed – коэффициент скорости

splitter – рассекатель

sprinkler – разбрызгиватель

unit – установка, агрегат
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