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CHAPTER ONE
((Fluid and Heat transfers))

[ Section 1: Thermodynamics

Partl: Reading

Thermodynamics and Energy:

Thermodynamics can be defined as the science of energy. Although everybody has a feeling of what energy is, it is
difficult to give a precise definition for it. Energy can be viewed as the ability to cause changes. The name
thermodynamics stems from the Greek words therme (heat) and dynamics (power), which is most descriptive of the
early efforts to convert heat into power.
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Today the same name is broadly interpreted to include all aspects of energy and energy transformations, including
power generation, refrigeration, and relationships among the properties of matter.
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One of the most fundamental laws of nature is the conservation of energy principle. It simply states that during an
interaction, energy can change from one form to another but the total amount of energy remains constant. That is,

energy cannot be created or destroyed. A rock falling off a cliff, for example, picks up speed as a result of its
potential energy being converted to kinetic energy.
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Forms of Energy:

Energy can exist in numerous forms such as thermal, mechanical, kinetic, potential, electric, magnetic, chemical, and

nuclear, and their sum constitutes the total energy (E) of a system.

The microscopic forms of energy are those related to the molecular structure of a system and the degree of the

molecular activity, and they are independent of outside reference frames.
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The sum of all the microscopic forms of energy is called the internal energy of a system and is denoted by U. The
portion of the internal energy of a system associated with the kinetic energies of the molecules is called the sensible
energy and the other portion associated with the phase of a system is called the latent energy.
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Properties of a system:

Any characteristic of a system is called a property. Properties are considered to be either intensive or extensive.
Intensive properties are those that are independent of the mass of a system, such as temperature, pressure, and
density. Extensive properties are those whose values depend on the size-or extent-of the system. Mass, volume and
total energy are some examples of extensive properties.
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An easy way to determine whether a property is intensive or extensive is to divide the system into two equal parts
with an imaginary partition. Each part will have the same value of intensive properties as the original system, but
half the value of the extensive properties.
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Thermodynamics deals with equilibrium states. The word equilibrium implies a state of balance. In an equilibrium

state there are no unbalanced potentials (or driving forces) within the system. A system in equilibrium experiences no
changes when it is isolated from its surroundings.
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There are many types of equilibrium, and a system is not in thermodynamic equilibrium unless the conditions of all

the relevant types of equilibrium are satisfied. For example, a system is in thermal equilibrium if the temperature is

the same throughout the entire system. That is, the system involves no temperature differential, which is the driving
force for heat flow.
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Mechanical equilibrium is related to pressure, and a system is in mechanical equilibrium if there is no change in

pressure at any point of the system with time. However, the pressure may vary within the system with elevation as
a result of gravitational effects.
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Open system and Closed system:
A system is defined as a quantity of matter or a region in space chosen for study. The mass or region outside the
system is called the surroundings. The real or imaginary surface that separates the system from its surroundings is
called the boundary. The boundary of a system can be fixed or movable. Note that the boundary is the contact
surface shared by both the system and the surroundings. Mathematically speaking, the boundary has zero thickness,
and thus it can neither contain any mass nor occupy any volume in space.
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Systems may be considered to be closed or open, depending on whether a fixed mass or a fixed volume in space is
chosen for study.
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A closed system (also known as a control mass) consists of a fixed amount of mass, and no mass can cross its
boundary. That is, no mass can enter or leave a closed system, but energy in the form of heat or work, can cross the
boundary; and the volume of a closed system does not have to be fixed. If, as a special case, even energy is not
allowed to cross the boundary, that system is called an isolated system.
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An open system, or a control volume, as it is often called, is a properly selected region in space. It usually encloses
a device that involves mass flow such as a compressor, turbine, or nozzle. Flow through these devices is best
studied by selecting the region within the device as the control volume. Both mass and energy can cross the
boundary of a control.
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Processes and Cycles:
Any change that a system undergoes from one equilibrium state to another is called a process, and the series of
states through which a system passes during a process is called the path of the process. To describe a process
completely, one should specify the initial and final states of the process, as well as the path it follows, and the
interactions with the surroundings.
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When a process proceeds in such a manner that the system remains infinitesimally close to an equilibrium state at
all times, it is called a quasi-static, or quasi-equilibrium, process. A quasi-equilibrium process can be viewed as a
sufficiently slow process that allows the system to adjust itself internally so that properties in one part of the system
do not change any faster than those at other parts.
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The prefix "iso-" is often used to designate a process for which a particular property remains constant. For example,
an isothermal process is a process during which the temperature remains constant.
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A reversible or irreversible process:
A reversible process is defined as a process that can be reversed without leaving any trace on the surroundings.
That is, both the system and the surroundings are returned to their initial states at the end of the reverse process.
This is possible only if the net heat and net work exchange between the system and the surroundings is zero for the
combined (original and reverse) process. Processes that are not reversible are called irreversible processes.
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Irreversibilities: The factors that cause a process to be irreversible are called irreversibilities. They include
friction, unrestrained expansion, mixing of two fluids, and heat transfer across a finite temperature difference,
electric resistance, inelastic deformation of solids, and chemical reactions.
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What is entropy?
Entropy can be viewed as a measure of molecular disorder, or molecular randomness. As a system becomes more
disordered, the positions of the molecules become less predictable and the entropy increases. Thus, it is not
surprising that the entropy of a substance is lowest in the solid phase and highest in the gas phase.
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The increase of entropy principle:
The entropy of an isolated system during a process always increases or, in the limiting case of a reversible
process, remains constant. In other words, it never decreases. This is known as the increase of entropy principle.
Note that in the absence of any heat transfer, entropy change is due to irreversibilities only, and their effect is
always to increase entropy.
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The increase of entropy principle does not imply that the entropy of a system cannot decrease. The entropy change
of a system can be negative during a process, but entropy generation cannot. The quantity of energy over every
process always remains constant (the first law), but its quality decreases (the second law). This decreased quality
always accompanies with increasing of enthropy.
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Being an organized form of energy, work is free of disorder or randomness and thus free of entropy. There is no
entropy transfer associated with energy transfer as work. But heat is, in essence, a form of disorganized energy, and
some disorganization (entropy) flows with heat. As a result, the entropy and the level of molecular disorder or
randomness of the hot body decrease with the entropy and the level of molecular disorder of the cold body
increases.
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The second law requires that the increase in entropy of the cold body be greater than the decrease in entropy of the
hot body, and thus the net entropy of the combined system (the cold body and the hot body) increases.
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Theoretical and actual combustion processes:
A combustion process is complete if all the carbon , hydrogen and sulfur (if any) burn to CO,, H,O and toSO,,
respectively. That is, all the combustible components of a fuel are burned to completion during a complete
combustion process. Conversely, the combustion process is incomplete if the combustion products contain any
unburned fuel or components such as C, H,, CO, or OH.
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Insufficient oxygen is an obvious reason for incomplete combustion, but it is not the only one. Incomplete
combustion occurs even when more oxygen is present in the combustion chamber than is needed for complete

combustion. This may be attributed to insufficient mixing in the combustion chamber during the limited time that
the fuel and the oxygen are in contact.
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Another cause of incomplete combustion is dissociation, which becomes important at high temperatures. Oxygen

has a much greater tendency to combine with hydrogen than it does with carbon. Therefore, the hydrogen in the
fuel normally burns to completion, forming H,O, even when there is less oxygen than needed for complete

combustion. Some of the carbon, however, ends up as CO or just as plain C particles (soot) in the products.

Lol g 51 5 05t (595000 b (5emeS] digey o ik 5l 05 0 Conenl Sl 0l slales ;0 o5 cusl @Bl 3l e 1 (S 5 o sSge 4325

(353m0s) 923 g0 STy 5T b ol ol 4y S 5,00 el ol 321 55 890 ke 51 5205 50 (508 (5 (2 ol ol 1,
e o ol os gl 3 ;0 C &l 3L CO &ygo 4y ()5 5l (Somd Jg 200 0 HO



Part 2: Definitions

Pure substance: A substance that has a fixed chemical composition throughout is called a pure substance. Water,
nitrogen, helium, and carbon dioxide, for example, are all pure substances.
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The compressed liquid = subcooled liquid: A liquid that is not about to vaporize.
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The saturated liquid: A liquid that is about to vaporize is called a saturated liquid.
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The saturated liquid—vapor mixture: A state of fluid that the liquid and vapor phases coexist in equilibrium at it.
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The saturated vapor: A vapor that is about to condense is called a saturated vapor.
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The superheated vapor: A vapor that is not about to condense (i.e., not a saturated vapor) is called a superheated vapor.
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The absolute pressure and gage pressure: The actual pressure at a given position is called the absolute pressure,
and it is measured relative to absolute vacuum (i.e., absolute zero pressure). Most pressure-measuring devices,

however, are calibrated to read zero in the atmosphere and so they indicate the difference between the absolute
pressure and the local atmospheric pressure. This difference is called the gage pressure.
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Pressures below atmospheric pressure are called vacuum pressures and are measured by vacuum gages that indicate
the difference between the atmospheric pressure and the absolute pressure.

T Pressure A
Differentia
Positive pressure

Gage
Pressure
ressu Pressure B

‘ i Ambient pressure (zero gage pressure) |
Absolute ‘

Pressure  Negative Gage

Pressure (vacuum)

1

Zero absolute pressure
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The zeroth law of thermodynamics: It states that if two bodies are in thermal equilibrium with a third body, they
are also in thermal equilibrium with each other.
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The first law of thermodynamics: It asserts that energy be conserved during a process and energy can be neither
created nor destroyed during a process; it can only change forms.
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The second law of thermodynamics: It asserts that processes occur in a certain direction and that energy has

quality as well as quantity. A process cannot take place unless it satisfies both the first and second laws of
thermodynamics.
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The third law of thermodynamics: The entropy of a pure crystalline substance at absolute zero temperature is zero.
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Steady state flow: A process during which a fluid flows through a control volume steadily. That is, the fluid

properties can change from point to point within the control volume, but at any point, they remain constant during
the entire process. (Remember, steady means no change with time.)
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Uniform-flow process: The fluid flow at any inlet or exit is uniform and steady, and thus the fluid properties do
not change with position over the cross section of an inlet or exit.
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Exergy or availability: That is the maximum useful work that could be obtained from the system at a given state
in a specified environment.
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The ideal gas: An ideal gas is defined as a gas whose molecules are spaced far apart so that the behavior of a
molecule is not influenced by the presence of other molecules-a situation encountered at low densities.
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The mass fraction.(mf): The ratio of the mass of a component to the mass of the mixture is called the mass
fraction.
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The mole fraction (y):.The ratio of mole number of the mixture is called the mole fraction.
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Absolute humidity =specific humidity = humidity ratio(® ): the mass of water vapor present in a unit mass of
dry air.
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Relative humidity (®): The amount of moisture the air holds (m,,) relative to the maximum amount of moisture

the air can hold at the same temperature (mg) .
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The dew-point temperature (T, ): It is defined as the temperature at which condensation begins when the air is

cooled at constant pressure. In other words, Ty, is the saturation temperature of water corresponding to the vapor

pressure.
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The adiabatic saturation temperature: Consider the system consists of a long insulated channel that contains a

pool of water. A steady stream of unsaturated air that has a specific humidity and a temperature definite is passed

through this channel. As the air flows over the water, some water evaporates and mixes with the airstream.
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The moisture content of air increases during this process, and its temperature decreases, since part of the latent heat

of vaporization of the water that evaporates comes from the air. If the channel is long enough, the airstream exits as
saturated air at temperature which is called the adiabatic saturation temperature.
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The wet-bulb temperature (T, ): By using a thermometer whose bulb is covered with a cotton wick saturated

with water and to blow air over the wick, the temperature measured in this manner is called the wet-bulb

temperature.
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Stoichiometric air = Theoretical air: The minimum amount of air needed for the complete combustion of a fuel is
called the stoichiometric or theoretical air.
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The enthalpy of reaction (hg): It is defined as the difference between the enthalpy of the products at a specified
state and the enthalpy of the reactants at the same state for a complete reaction.
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The enthalpy of formation (Bf ): It is the enthalpy of a substance at a specified state due to its chemical

stable elements (such asO,, N5, H,, and C) a value of zero at the composition. The enthalpy of formation of all

form of The stable form of an element is simply the chemically stable reference state of 25°C and 1 atm. standard
that element at 25°C and 1 atm.
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released when a fuel is burned completely in a The heating value of the fuel: It is defined as the amount of heat
value of a steady-flow process and the products are returned to the state of the reactants. In the words, the heating

fuel is equal to the absolute value of the enthalpy of combustion of the fuel.
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The heating value depends on the phase of the H,O in the products. The heating value is called the higher heating

value (HHV) when the H,O in the products is in the liquid form, and it is called the lower heating value (LHV)
when the H,O in the products is in the vapor form.
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The adiabatic flame temperature: In the absence of any work interactions and any changes in kinetic or potential

energies, the chemical energy released during a combustion process either is lost as heat to the surroundings or is
used internally to raise the temperature of the combustion products.
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The smaller heat loss, the larger temperature rise. In the limiting case of no heat loss to the surroundings (Q = o) the

temperature of the products reaches a maximum, which is called the adiabatic flame or adiabatic combustion
temperature of the reaction.
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transfers
‘ Section 2: Fluid Mechanics
E—

Part 1: Reading
Vapor Pressure:

Liquids evaporate because of molecules escaping from the liquid surface. The vapor molecules exert a partial
pressure in the space, known as vapor pressure. If the space above the liquid is confined, after a sufficient time the
number of vapor molecules striking the liquid surface and condensing are just equal to the number escaping in any
interval of time, and equilibrium exists.
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Since this phenomenon depends upon molecular activity, which is a function of temperature, the vapor pressure of
a given fluid depends upon temperature and increases with it. When the pressure above a liquid equals the vapor
pressure of the liquid, boiling occurs.
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Buoyant Force:
The resultant force exerted on a body by a static fluid in which it is submerged or floating is called the buoyant
force. The buoyant force always acts vertically upward. There can be no horizontal component of the resultant
because the vertical projection of the submerged body or submerged portion of the floating body is always zero.
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The buoyant force on a submerged body is the difference between the vertical component of pressure force on its
underside and upperside. The resultant does not, in general, pass through the centroid of the whole volume.
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Stability of Floating and Submerged Bodies:
A body floating in a static liquid has vertical stability. A small upward displacement decreases the volume of liquid
displaced, resulting in an unbalanced downward force which tends to return the body to its original position. Similarly, a
small downward displacement results in a greater buoyant force, which causes an unbalanced upward force.
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A body has linear stability when a small linear displacement in any direction sets up restoring forces tending to
return the body to its original position. It has rotational stability when a restoring couple is set up by any small
angular displacement.
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The poly-dimensional flow:
One-dimensional flow neglects variations or changes in velocity, pressure, etc., transverse to the main flow
direction. Conditions at a cross section are expressed in terms of average values of velocity, density, and other
properties. Flow through a pipe, in completely developed region, for example, may usually be characterized as
one-dimensional. Many practical problems may be handled by this method of analysis, which is much simpler than
two- and three-dimensional methods of analysis.
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In two-dimensional flow all particles are assumed to flow in parallel planes along identical paths in each of these
planes; hence, there are no changes in flow normal to these planes. Three-dimensional flow is the most general
flow in which the velocity components u, v, w in mutually perpendicular directions are functions of space
coordinates x, y, z.
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The Streamline:
A streamline is a continuous line drawn through the fluid so that it has the direction of the velocity vector at every

point. There can be no flow across a streamline. In steady flow, since there is no change in direction of the velocity
vector at any point, the streamline has a fixed inclination at every point and is, therefore, fixed in space.
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A particle always moves tangent to the streamline; hence, in steady flow the path of a particle is a streamline. In
unsteady flow, since the direction of the velocity vector at any point may change with time, a streamline may shift
in space from instant to instant. A particle then follows one streamline one instant, another one the next instant, and
so on, so that the path of the particle may have no resemblance to any given instantaneous streamline
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The Bernoulli's equation:
Below equation is of fundamental importance in the study of fluid flow. It was first derived by Bernoulli and is
known throughout the world by his name. As fluid flows along any closed system, Bernoulli's equation allows us to
track the inter-relationships between the variables. Velocity u, elevation z, and pressure P may all vary, but their
combination as expressed in Bernoulli's equation remains true. It must be remembered, however, that it has been
derived here on the assumptions of ideal (frictionless) conditions, constant density and steady-state flow.
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Static, total and velocity pressures:
Consider the level duct shown on below figure. Three gauge pressures are measured. To facilitate visualization, the
pressures are indicated as liquid heads on U tube manometers. However, the analysis will be conducted in terms of
true pressure rather than head of fluid.
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CHAPTER FOUR
((Manufacturing Engineering))
( Section 1: Casting

One will note that gravity die castings are carried out at both low casting pressures and low gate velocities, whereas
medium pressure die castings are carried out at gate velocities between 1-5 m/sec, and high pressure die castings
are carried out between 40-70 m/sec.
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Squeeze casting, on the other hand, is a hybrid: the cavity is filled very slowly (dow fill), and after the cavity is
filled, the metal is solidified under high pressure, on the order of 100 bars and above.
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Specialized processes refer to the most recent metal mold casting technologies, semisolid processing. Here the

paradigm is totally changed: instead of “pouring” liquid metal into the die cavity, and when the ram is injected, the
thixotropic medium flows and fills the mold.
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Semisolid processing has many advantages because there is no handling of liquid meta and because the flow of the metal

into the die cavity is more akin to Bingham flow rather than to Newtonian flow. Beow figure is a schematic of the
opportunitiesin the semisolid processing market made by comparing this new unexploited market to castings and forgings.
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The numbers shown in this figure refer to annual U.S. sales for castings and forgings. Note that the viscosity of the
starting materials increases from liquid at 10-3 to semisolids at 102l the way to solid materials at 108,
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Introduction to high integrity die casting processes
Origins of high pressure die casting:
Casting processes are among the oldest methods for manufacturing metal goods. In most early casting processes
(many of which are still used today), the mold or form used must be destroyed in order to remove the product after
solidification. The need for a permanent mold, which could be used to produce components in endless quantities,
was the obvious aternative.
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In the middle Ages, craftsmen perfected the use of iron molds in the manufacture of pewter ware. Moreover, the
first information revolution occurred when Johannes Gutenberg developed a method to manufacture movable type
in mass quantities using a permanent metal mold. Over the centuries, the permanent metal mold processes
continued to evolve.
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In the late 19th century processes were developed in which metal was injected into metal dies under pressure to
manufacture print type. These developments culminated in the creation of the linotype machine by Ottmar
Mergenthaler. However, the use of these casting methods could be applied to manufacture more than type for the
printing press.
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H. H. Doehler is credited with developing die casting for the production of metal components in high volumes.
Initialy, only zinc alloys were used in die casting. Demands for other metals drove the development of new die
materials and process variants. By 1915, aluminum alloys were being die cast in large quantities.
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Much progress has been made in the development of die casting technologies over the last century. Developments
continue to be made driving the capabilities of the process to new levels and increasing the integrity of die cast
components.
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Conventional high pressuredie casting:
Conventional die casting (CDC) is a net-shape manufacturing process using a permanent metal die that produces
components ranging in weight from a few ounces to nearly 25 kg quickly and economically.
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Traditionaly, die casting is not used to produce large products, past studies, however, have shown that very large
products, such as a car door frame can be produced using die casting technologies. Conventional die cast components
can be produced in awide range of dloy systems, including aluminum, zinc, magnesium, lead, and brass.
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Two basic conventional die casting processes exist: the hot-chamber process and the cold-chamber process. These
descriptions stem from the design of the metal injection systems utilized.
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A schematic of a hot-chamber die casting machine is shown in below figure. A significant portion of the metal

injection system isimmersed in the molten metal at all times. This helps keep cycle times to a minimum, as molten
metal needsto travel only avery short distance for each cycle.
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Hot-chamber machines are rapid in operation with cycle times varying from less than 1 sec for small components
weighing less than a few grams to 30 sec for castings of severa kilograms. Dies are normally filled between 5 and
40 msec. Hot-chamber die casting is traditionally used for low melting point metals, such as lead or zinc aloys.
Higher melting point metals, including aluminum alloys, cause rapid degradation of the metal injection system.
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Cold-chamber die casting machines are typically used to conventionally die cast components brass and aluminum
aloys. An illustration of a cold-chamber die casting machine is presented in below figure. Unlike the hot-chamber
machine, the metal injection systemis only in contact with the molten metal for a short period of time.
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Liquid metal is ladled (or metered by some other method) into the shot sleeve for each cycle. To provide further
protection, the die cavity and plunger tip normally are sprayed with an oil or lubricant. This increases die material
life and reduces the adhesion of the solidified component.
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All die casting processes follow a smilar production cycle. Bdow figure is an illugtration of the cycle usng the
cold-chamber die casting process as a modd. Initialy, liquid meta is metered into an injection system (), which is then
immediately pushed (b) through arunner system (c) into adie cavity (d) under high pressure. High pressures are maintained
onthealoy during solidification. After complete solidification, the die opens (€) and the component is gjected (f).
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Conventional die casting is an efficient and economical process. When used to its maximum potential, a die cast
component may replace an assembly composed of a variety of parts produced by various manufacturing processes.
Consolidation into adie casting can significantly reduce cost and labor.
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Problemswith conventional die casting:
Conventional die casting is utilized to produce many products in the current global market. Unfortunately,
conventional die casting has a magjor limitation that is preventing its use on a broader scale. A potential defect,
commonly found in conventionally die cast components, is porosity.
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Porosity often limits the use of the conventional die casting process in favor of products fabricated by other means.
Pressure vessels must be leak tight. Conventional die castings often are unable to meet this requirement. Moreover,
the detection of porosity is difficult.
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Porosity is attributed to two main sources. solidification shrinkage and gas entrapment. Most alloys have a higher
density in their solid state as compared to their density in the liquid state. As a result, shrinkage porosity forms
during solidification. Due to the turbulent manner in which liquid metal enters and fills the die cavity, gas often
becomes entrapped in the metal, resulting in porosity.
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Porosity also affects the mechanical properties of conventionally die cast components. In structural applications,

porosity can act as a stress concentrator creating an initiation site for cracks.
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In addition to porosity, the microstructures inherent with the conventional die casting cannot meet the mechanical

requirements needed for many applications. Subsequent heat treating, which can ater the microstructure, is rarely
possible due to defects that emerge during thermal processing, such as blistering.
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Regardless of the limitations found in conventional die cast components, demands exist for high integrity products.
In many cases, product engineers and designers turn to investment casting, forging, injection molding, and
assembled fabrications to meet necessary requirements. Typically, these processes are more costly than
conventional die casting in both processing time and raw material costs.
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Strategiesto improve die casting capabilities:
Severa efforts have proven successful in stretching the capabilities of conventional die casting while preserving
short cycle times and providing dimensional stability and other beneficial characteristics. In these efforts, three
strategies have extended the capabilities of the die casting process:
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1. eliminating or reducing the amount of entrapped gases,
2. eliminating or reducing the amount of solidification shrinkage, and
3. altering the microstructure of the metal.
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The first two strategies noted affect each of the major quantities that contribute to porosity as defined in prior. The

third strategy addresses the mechanical properties by modifying the fundamental structure of the die cast
component.
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High integrity die casting processes:

Three high integrity die casting processes have been successfully developed and deployed for commercial use in

high volume productions. These processes are vacuum die casting, and semi-solid metalworking (SSM).
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Vacuum die casting utilizes a controlled vacuum to extract gases from the die cavities and runner system during
metal injection. Porosity due to entrapped gasesis virtually eliminated.
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Squeeze casting is characterized by the use of a large gate area and planar filling of the metal front within the die
cavity. The mechanism, however, is much different. Planar filling allows gases to escape from the die, as vents
remain open throughout metal injection. Furthermore, the large gate area allows metal intensification pressure to be
maintained throughout solidification.
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Semi-solid metalworking is the most complex of the high integrity die casting processes. During semi-solid
metalworking a partialy liquid—partialy solid metal mixture is injected into the die cavity. The fill front is planar,
minimizing gas entrapment, as in sgueeze casting. Moreover, solidification shrinkage is greatly reduced, as a
significant portion of the metal injected into the die cavity is aready solid.
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In addition to reducing porosity, a unique microstructure is generated during semi-solid metalworking. The
mechanical properties inherent to this microstructure are superior to those created in conventionally die cast
components.
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Products produced using high integrity die casting processes have little or no porosity. Moreover, the mechanical
properties are much improved in comparison to conventional die cast components. This is due to reduced levels of

porosity, the viability of subsequent heat treating, and formation of microstructures not possible with the
conventional die casting process.
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{\ Section 2: Welding

Welding is arelatively new way of joining two or more pieces of metal in such away as to make the finished piece
as strong as the original metal. The oldest type of welding, oxyacetylene welding was developed about 100 years
ago. There have been many developmentsin metal joining processes since then.
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For our purposes, metal joining can be broken down into three rather broad categories gas welding, electric
welding, and gas-electric welding. Since the home welder is not interested in production work, there is little need,
other than for informational purposes, to learn about other types of welding such as laser or plasma welding. These
processes are used solely in industry.
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History of gaswelding:
Gas welding, the oldest and easiest of al types of welding to learn, is very ssimple in principle. Basically, oxygen
and acetylene are burned together to produce a flame that is hotter than the melting point of most metals. The
temperature of an oxyacetylene flame is generally accepted at being around 6,000°F.
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In view of the fact that oxyacetylene is so widely used, it is amost unbelievable that this process did not come into
existence until the beginning of this century. Oxyacetylene welding was first made possible through the
experiments and discoveries of a French chemist, Henri Le Chatelier, in 1895. He was the first to discover that
burning oxygen and acetylene produced a flame with a temperature far higher than that of any other flame in
existence.
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It wasn’t long before the capabilities of oxyacetylene became known to the industrial world and were put to use.
After a workable way to store and transport oxygen and acetylene was developed, the road was clear for
widespread use of this new method of joining metals.
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The oxyacetylene welding-cutting process is the most versatile means of working with metals. No other equipment
or process in use by the metal industries is capable of performing such a wide variety of work on most types and
thicknesses of metals. The oxyacetylene method of welding is also the easiest to master and probably the most
versatile for the do-it-yourself welder.
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Actualy the oxyacetylene process can be used for joining, heating, and cutting metals. Joining, or fusion, welding
is an important application of the oxyacetylene process. Here the two edges of a metal are heated up to their
melting points and fused together.
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Heating with the oxyacetylene process is often used for forming metals into various shapes and heat treating metals
in operations such as annealing, flame hardening, tempering, case hardening, and residual stress relieving.
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The last important use of oxyacetylene is to cut metals. To do so, a stream of pure oxygen is directed against an
area of heated metal. This action causes the metal to oxidize, or burn, arid thus be cut.
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It is obvious from the name " oxyacetylene’ that this type of welding uses a combination of oxygen and acetylene.
To understand these basic components, it may be helpful to discuss these two substances and explain their
significance to the welding process.
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Oxygen:
Oxygen is present in the air we breathe but in small amounts. About one-fifth of our atmosphere is pure oxygen. By
contrast, oxygen used in the welding process is about as pure as possible, over 99 percent pure. The method of
producing pure oxygen for welding and medical purposesis called the liquid-air process.
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Liquid-Air Process:
The following is an over smplification, but it is an adequate description of the liquid-air process. Atmospheric air, as
mentioned earlier, consists of about 20 percent pure oxygen, 78 percent nitrogen, and 2 percent other gases (by volume).
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Oxygen and nitrogen have different boiling temperatures. Thus, using the liquid-air process, the two can be
separated by heating atmospheric air to a certain temperature and holding it at this temperature until the nitrogen,
which has a boiling point of 295°F, bails off.
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After the nitrogen has been removed from atmospheric air, oxygen and a small amount of other gases remain.
These include carbon dioxide, argon, hydrogen, neon, and helium. Oxygen has the highest boiling point of all these
gases; thus to separate it completely, the remaining mixture is further heated until only pure oxygen remains. The
pure oxygen is then stored as either a gas or liquid, depending on its eventua use. The liquid-air process is
probably the most widely used method of producing pure oxygen.
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Cylinders:
Oxygen is commonly sold in cylinders in three sizes: 244 cubic feet, 122 cubic feet, and 80 cubic feet. There are very
strict requirements for oxygen cylinders. They must be able to withstand over 1 ton of pressure per square inch.
3“)“&*
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The universally accepted color for oxygen cylinders, lines, and control knobs is green. However, there is no
regulation that requires oxygen cylinders to be green in color; thus, many companies paint their oxygen cylinders a
special identifying color. It will be to your advantage to become familiar with the color used by your dealer. Often
two oxygen supply houses in the same city will have two different colors for their oxygen tanks.
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Safety Practices:

Oxygen cylinders are not dangerous when used and stored according to generally accepted safety precautions.

Nevertheless, some general comments are in order. Use only cylinders carrying ICC markings. Y ou can be certain
that cylinders of this type comply with the stringent regulations or of the ICC.
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Store cylinders only in a safe location, and fasten them in place. This will ensure that the cylinder cannot be
knocked over. Keep tanks in an area away from stoves, radiators, furnaces, or other overly warm places. Oxygen
cylinders should also be kept away from all combustible materials or liquids. If cylinders are stored in the open,
they should be protected from the elements of water, heat, cold, and the sun’s direct rays.
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Never use oxygen cylinders for any purpose other than holding oxygen. Y ou should never use oxygen cylinders as
rollersto help move large or heavy objects, for example. Nor should you use oxygen cylinders as supports.
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Oxygen cylinders should be stored and used in an upright position. In most cases, a hand truck specifically
designed to hold two cylinders (both oxygen and acetylene) is the best means for storing to prevent them from ever
falling over and allowing them to be transported safely.
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Never use the valve on top of the cylinder to lift the cylinder from a horizontal to a vertical position. The best way
to lift a cylinder is to first make sure that the valve protection cap is secured tightly. Then raise the cylinder by
grasping the cap and lifting.
Jol &5 el Gl jadden G 93,5 0l (6l o) (e 9SS oMl (g3g0s Caedge 4y (B CaaBge S 5l e 05 iy sl ik VL e I T 0
S oo 5l g S atly SIS (285 gy 1) ik s 39 g0 iblne 55 4y s Lablone SRS 45 005 ol lialol
Never alow oxygen cylinders to come in contact with live electrical wires or other electrical equipment. Keep
cylinders away from welding and cutting work. Make certain that the hoses containing oxygen and acetylene do not
lie under the work.
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Heart attack might happen because the amount of blood the muscles need is very low. This is commonly
caused by a blood, clot blocking an artery in the heart. Heart attacks can be mild or very severe. If you see
somebody who has a pain in his chest, call for medical help immediately, because he may have a heart
attack, especially if he smokesalot.

™ Example 1: What isthe Main idea of the text?
1) the heart 2) smoking 3) healthy habit 4) heart attack
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W Example 2: In which part of the passage we find the relationship between heart attack and smoking?
1) in line 1 2) in line 2 3) in the last line 4) it is not mentioned
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For the first years of her life, Helen keller was any other pretty baby in everything. Then a sudden illness
destroyed her sight and hearing for the next seven years. She lived in the world of darkness, without sound

of voice. The person who entered Helen’s life at this age and changed her world, was Anne Sulivan. Miss
Sullivan had accepted a job which seemed impossible, but she helped Helen alot.

T Example 3: How old was Helen when the disease attacked her ?
1) two years old 2) one year old 3) seven years old 4) six years old
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T Example4: Shelived in theworld of darknessin line 3 means:

1) she liked darkness 2) she hated darkness
3) she was blind 4) she lived in a darkroom
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T Example 5: Theworld “accepted” in line 4 could be best replaced by:
1) rejected 2) admitted 3) prevented 4) provided
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1) stated / explicit 2) implied / implicit 3) restated 4) referent 5) main idea
6) inference 7) negative form 8) vocabulary 9) title 10) organization

John likes to go to the mountains on Saturdays. He likes to spend one day a week outside the city. He thinks
that theair in the city isdirty and full of smoke but that in the mountainsyou get clear, fresh air. “Climbing is
also a very good exercise’. He says “ This program isvery valuable.” On Saturdays he wakes up very early in
the morning when it is till dark. He usually takes a knapsack full of the things he needs. He often takes canned
food, and some fruit. In winter he also takes some warm clothes with him. John doesn’t like to go to the
mountains alone. He spends most of the day in the mountains. He has lunch there, and after taking arest, he
returns home in the afternoon. When he comes home, he is very tired. He prefers to take a shower, have a
small dinner, and go to bed early. In the morning of the next day, heishappy and ready to start work.
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1) The passage (text) statesthat ... 2) It isexplicitly mentioned that, ...

3) Thetext saysthat ... 4) It isstated in the text (passage) that ...
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™\ Example 6: Thetext statesthat John ......... .

1) goes swimming on Saturday 2) climbs the mountains on Saturdays
3) climbs the mountains on Fridays 4) goes out every day
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1) It is implied in the text that 2) According to the passage ...
3) The writer implies that ... 4) Which one is (not) implied in the text ...
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W Example 7: Which oneisimplied in the text?

1) John wakes up early morning. 2) John spends most of the day in the mountain.
3) He says climbing is very tiring. 4) He goes to the mountains with his friends.
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T Example 8: Why climbing is valuable for John?

1) It is full of smoke. 2) it is good for his health.
3) The mountain is very clear. 4) They city is very crowded.
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™ Example9: "There" inline6refersto ............ .

1) most of the day 2) mountains 3) lunch in the montain 4) taking a rest
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1) What isthe main idea of the passage? 2) What'sthe writer's purpose?

3) Thetext mainly suggeststhat... . 4) What isthe main topic of the passage?

T Example 10: What is the main |dea of the passage?
1) John is a mountain climber. 2) Eating lunch in the mountain is good.
3) Climbing helps you get healthy. 4) Climbing is possible only on Saturdays.
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1. You can infer from the text............ .
2.The author / writer infers that ...................

W Example 11: You can infer from thetext that ............

1) John may cut the trees to make fire 2) John never goes out in winter days
3) John likes nature and environment 4) John hates people who smoke cigarette
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T Example 12: Which oneis NOT understood from the passage?

1) John lives in a city. 2) John goes to work on the week days.
3) John might be more than 18. 4) John lives in the country.
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In the winter also takes some warm clothes with him. olym oo e o )
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T Example 13: Theword "canned" in line 7 isequal to:
1) solid 2) very little 3) cooked 4) very much
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W Example 14: Which oneisthe best title for this passage?

1) How to climb the mountions. 2) Love of the mountions.
3) Take a trip to the country 4) John is a healthy man.
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W Example 15: goesto the mountain in all seasons? Which part of the text shows that John

1) Lines 2 2) Lines 1 3) Lines 3 4) Lines 4
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Modern man, in spite of his superior scientific knowledge, often seems as super stitious as his ancestors.
Astrology half — billion dollar business. Intelligent persons still believe that lines on their palm or the
arrangement of tealeavesin a cup predict the future. Airplanes do not have a row of seats numbered 13, and
buildings omit athirteenth floor.
Black cats, broken mirrors, and spilt salt create fear and anxiety in many people. And ouija boar ds continue
to be a popular pastime.
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I. Modern man seems as super stitious as his ancestors.
A. Astrology isa half —billion- dollar business.
B. Intelligent persons still believe that lines on their palm or the arrangement of tea leavesin a cup predict
the future.
C. Airplanes do not have arow of seats numbered, 13 and buildings omit a thirteenth floor.
D. Black cats, broken mirrors, and split salt create fear and anxiety in many people.
E. Ouija boards continue to be a popular pastime.
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From Italian we get such words as balcony, cavalry, miniature, opera, and umbrella. Spanish has given us
mosquito, ranch, cigar, and vanilla. Dutch has provided brandy, golf, measles, and wagon. From Arabic we
have borrowed alcohol, chemistry, magazine, zenith, and zero.
And Persian has loaned us chess, checkers, lemon, paradise, and spinach. It is clear that English is a
language that borrows freely from many sour ces.
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An octopus appears to be just a huge head with eight long fearful arms. Its head is soft and rubberlike. Its
eyes stick out on stalks so that it can seein all directions.

It mouth is on the underside of its body and has powerful jaws shaped like a beak. The long arms, or

tentacles, have double rows of suckers. These can fasten onto objects with such suction that they cannot be
pulled off.
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In certain accidents, if breathing stops, it is possible to save life by artificial respiration. This means that
someone else causes air to enter and leave a person’s lungs. The method of artificial respiration now
recommended by the U.S. Army, the Red Cross, and the Boy Scouts of America is a method of mouth to
mouth breathing. First place the victim face up. Tilt his head back so that his chin is pointing upward. Next,
if thereisany foreign matter in hismouth, wipe it out quickly with your fingers. Then, with your right-hand
thumb, pull hisjaw down to clear his tongue from the air passage in the back of his mouth. With your left
hand pinch his nostrils to prevent the air you blow into his mouth from escaping through his nose. Now,
place your mouth tightly over the victim’s and blow into his mouth until you see chest rise. Remove your
mouth, turn your bead to the side and listen to the outrush of air that indicates air exchange. Repeat
blowing. For an adult, blow vigorously at a rate of about twelve breaths a minute. For a young child, take
relatively shallow breaths, at rate of about twenty a minute.
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Discovery and invention are sometimes confused Essentially, however, they are quite distinct. Discovery is
the finding of something that has always been there, thought its existence or its meaning remained hidden.
Invention is the design of something new to be made from known materials. America, for example, was
discovered; the United states was invented. America has always been there, though its existence was
unknown, at least to Europeans, until navigating explorersfound it.
But the United States was a combination of known materials: land, law and people.
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There aretwo kinds of dephants.. the Arfican and the Indian. The African Elephant islarger and darker , it also
haslarger earsand a more doping forehead. Both can betamed, but theIndian dephant ismoreeasily trained to do
work. When an African eephant deeps, it usually standsup, but itsIndian cousin usually deepslying down.
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The distinction between Newton’s and Einsteins' s ideas about gravitation has sometimes been illustrated by
picturing a little boy playing marbles in a city lot. The ground is very uneven, ridged with bumps and
hollows.
An observer in an office ten stories above the street would not the able to see these irregularitiesin the ground.
Noticing that the marbles appear to avoid some sections of the ground and move toward other sections, he might
assumethat a " force" was operating which repelled the marbles from certain spots and attracted them to others.
But another observer on the ground would ingtantly perceive that the path of the marbles was smply governed
by the curvature of thefield.In this analogy Newton isthe upstairs observerswho imaginesa " force" isat work,
and Einstein isthe observer on the ground, who has no reason to make such an assumption.
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A pupil isonewhoisunder the close supervision of ateacher, either because of hisyouth or because of specialization
in some branch of sudy.In England pupil is used to describe one in school, which means up through pubic schools
such as Eton or Horrow or through the secondary schools. In America pupil is now usually restricted to onewho is
in an dementary school. Those called pupils reagardless of age because of their specialization in some branch of
sudy are designed by the subject they are studying, asart pupils, music pupilsetc.
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Science has been defined asa body of knowledge.But that means about as much as saying that you find all
the works of Shakespear in the dicionary because all the words are there. One of the things which blocked
scientific progress for nearly two thousand years was the idea that the Greeks had the last word for it, that
the knowledge existed.And such knowledge, untested by experiment, could be adapted or interpreted to suit
the belifes of the times, or to confirm to doctrine. A "body of knowledge" unchallenged and unreplenished
goes sick and may become itself superstition---like astrology, which started off as that experience of
observsation and reason which we call astronomy,the charting of the starsin their courses.No; science is not
just knowledge; it isknowledge working for itsliving, correcting itself, and adding to itself.
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( Progress check

.
Concurrent engineering, also called simultaneous engineering, is a design approach in which design and product
manufacturing are merged in an intimate way. All the process of optimization in the world cannot make up in cost
savings for careless design decision in materials selection, selection of fasteners, and ease of assembly. In recent
years, much of the success of overseas competitors has been attributed to a rapid product development cycle through
the use of concurrent engineering.
A non-routine aggregate planning relating the system and the environment includes establishing the firm's philosophy,
recognizing and evaluating the system's environment, clarifying management strategies, planning new plant
installation, allocating overall resources, etc. The information flow process in the manufacturing system proceeds with
the following steps: aggregate production management, process planning, production scheduling, and production
implementation. The flow of materials, which is an indispensable activity in manufacturing, is accompanied by the
flow of costs and the raw materials are converted into products with increased value. However, this activity might be
disturbed for many reasons including machine breakdown, absenteeism, tool failure, and malfunction of the machines.
Manufacturing may produce discrete products or continuous products. Nails, gears, steel balls, beverage cans, engine
blocks, plastic sheets, hoses, and pipes are examples of manufactured products. In a highly competitive environment,
production methods must be sufficiently "flexible" to respond to changing market demands, production rates, and
production quantities.
Function and appearance are crucial concerns of product design. After completing the background research on the
idea, the preliminary designs are produced. The product designer may have developed aset of sketches prior to this
point. Sketches, blueprints, and drawings constitute the principal means of communication in manufacturing. Among
the things the consumer considers when buying a product are its convenience, durability, and maintenance.
Manufacturing engineers through cooperation with industrial engineers plan floor activities such as plant layout,
machine arrangement, material-handling equipment, time-and-motion study, production methodologies, production
planning and scheduling, and maintenance. Some of these activities are carried out under the name plant engineering,
and some are interchangeably performed by both manufacturing and industrial engineers. Manufacturing engineers, in
cooperation with industrial engineers, also are responsible for evaluating new technologies, their applications, and the
way they can be implemented.

T 1-A flexible production method is used in order to respond to changing ......... . MY syl )
1) nails and gears 2) Production rates 3) discrete products 4) continuous products

TR 2-Accor ding to the passage, the most crucial concern of product design is.......... . A 6yl o)
1) function of design 2) background research
3) communication in manufacturing 4) blueprints, sketches, and drawings

TR.3-The process which proceeds with production implementation step iscalled the ......... . A 5yl o)
1) flow of costs 2) flow of materials
3) communication in manufacturing 4) flow of information

TW&4- Tool failure may disturb ......... : (AY 6 ol o)
1) the raw materials 2) machine breakdown
3) the flow of materials 4) malfunction of machines

TR 5-Concurrent engineering isajoint activity between ......... . AY ol o)
1) design and manufacturing 2) discrete and continuous products
3) material selection and ease of assembly 4) research and design

TR 6-Success in competition may be obtained by using ......... . AY ol o)
1) a design approach 2) overseas competitors
3) product development 4) simultaneous engineering

W 7-Accor ding to the passage, the application of new technologies should be evaluated by ......... CAY gyl )
1) a plant engineer 2) a manufacturing engineer

3) manufacturing and plant engineers 4) manufacturing and industrial engineers
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Casting processes are first categorized by the manner in which the materials are forced into the mold cavity. The two
basic forces are gravity and pressure systems.

The second classification of casting processes is by the mold material. The mold can be made of sand and is destroyed
when the object is removed. This is called sand casting and is normally used only for metals. However, there are
many variations of the sand processes. Each variation has a certain advantage and disadvantage relating to accuracy,
cost, and the types of metals that can be cast. Other types of materials such as plaster and ceramics are also used for
the destructible molds similar to those used for sand casting. Molds can also be made of permanent materials so that
the mold may be reused.

Plaster molds used for making small statues and figurines in ceramics and porcelain are examples of reusable molds
using the force of gravity. Complex pressure-fed permanent molds made of metal are commonly used for making such
items as automobile carburetors, plastic toys, or lead pipe. The molding material is forced into a reshaped permanent
mold under pressure.

Casting processes are also categorized by the material being cast. A foundry, for example, is a shop or factory where
metal castings are made, an identical molding process used to cast plastics would occur in a casting shop and not a
foundry. Shops specializing in casting iron objects would be called iron foundries, where a shop utilizing similar
processes for making specific items from plastics might be called a plastics specialty shop. Almost any material that
can be liquefy, may be shaped by the casting process. Also included are materials which, although not liquid, are
given some degree of fluidity, such as granular plastic materials that can be later bonded or solidified by heat or
chemical action. Materials commonly shaped by casting processes include plastics, glass, ceramics and porcelain,
metals, and ever paper products.

Molds can also be characterized by whether they are reused or whether they are destroyed during removal of the cast
object. Both types of processes are extensively used in industry. When the mold is regarded as permanent it is often
referred to as a die, when the mold is a unit that is destroyed in the removal of the object, it is referred to as model.
Permanent molds are generally made from durable materials such as iron or steel. Permanent molds for plastics may
be made of softer, more easily worked metals such as aluminum or brass.

Molding processes are also used in manufacturing material shapes for the construction industry. Concrete, for
example, is a material that must be formed by a mold. Concrete molds may be constructed on the site for such things
as basements, foundations, supports, sidewalks, and other similar items. However, permanent molds are used in
casting various standardized concrete objects such as precast concrete construction beams, precast concrete brick and
paving blocks, steps, large-diameter drain pipes, and other similar items used in the construction industry.

To illustrate the extensive use of casting processes, iron and steel cast products alone make up the sixth largest
industrial grouping. This does not include the casting of nonferrous metals nor does it include casting of other
materials such as glass, ceramics, plastics, or concrete. The casting of iron and steel products by various sand-casting
processes form the largest portion of all castings produces this is closely, followed by casting nonferrous metals by
die-casting and sand-casting processes and the casting of molding plastics.

W 8-Thewriter believesthat ......... : (AY 6 ool yoo)

1) casting plastics would take place in a foundry

2) only those materials that can be liquefied may be shaped by casting processes

3) the shops which are specialized in casting iron objects would be called iron foundries
4) granular plastic materials cannot be later bonded by heat or chemical action

R.9-1n paragraph five, line2, " Both types of processes' refersto......... . AF 5 ol o)

1) two permanent molds used in industry

2) durable materials such as iron and steel used as permanent molds

3) whether molds are reused or destroyed during removal of the cast object
4) more easily worked metals such as aluminum and brass

T 10- Toconstruct large - diameter concreter drain pipes......... molds ar e used. AF syl )
1) sand casting 2) destructible 3) die casting 4) permanent

T 11- The sixth largest industry grouping includes cast productssuch as ......... : AF 5yl o)
1) nonferrous metals 2) ceramics and plastics  3) concrete and cement 4) iron and steel

W 12-The materials shaped by casting process.......... . AF 5 ool po)
1) are those that can be liquefied 2) ought to be granular

3) should be bonded with other substances 4) must always be subjected to high temperatures
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1) Corrosion is deterioration of useful properties in a material due to reactions with its environment. Weakening of
steel due to oxidation of the iron atoms is a well- known example of electrochemical corrosion. This type of damage
usually affects metallic materials, and typically produces oxide(s) and/or salt(s) of the original metal. Corrosion also
includes dissolution of ceramic materials and can refer to discoloration and weakening of polymers by the sun's
ultraviolet light.

2) Most structural alloys corrode merely from exposure to moisture in the air, but the process can be strongly affected
by exposure to acids, bases, salts and organic chemicals. It can be concentrated locally to form a pit or crack, or it can
extend across a wide area to produce general deterioration. Efforts to reduce corrosion sometimes merely redirect the
damage into less visible, less predictable forms.

3) Most ceramic materials are almost entirely immune to corrosion. The strong ionic and/or covalent bonds that hold
them together leave very little free chemical energy in the structure; they can be thought of as already corroded. When
corrosion does occur, it is almost always a simple dissolution of the material or chemical reaction, rather than an
electrochemical process. A common example of corrosion protection in ceramics is the lime added to soda-lime glass
to reduce its solubility in water; though it is not nearly as soluble as pure sodium silicate, normal glass does form sub-
microscopic flaws when exposed to moisture. Due to its brittleness, such flaws cause a dramatic reduction in the
strength of a glass object during its first few hours at room temperature.

4) The degradation of polymeric materials is due to a wide array of complex and often poorly understood
physiochemical processes. These are strikingly different from the other processes discussed here, and so the term
"corrosion" is only applied to them in a loose sense of the word. Because of their large molecular weight, very little
entropy can be gained by mixing a given mass of polymer with another substance, making them generally quite
difficult to dissolve. While dissolution is a problem in some polymer applications, it is relatively simple to design
against. A more common and related problem is swelling, where small molecules infiltrate the structure, reducing
strength and stiffness and causing a volume change. Conversely, many polymers (notably flexible vinyl) are
intentionally swelled with plasticizers, which can be leached out of the structure, causing brittleness or other
undesirable changes. The most common form of degradation, however, is a decrease in polymer chain length.
Mechanisms which break polymer chains are familiar to biologists because of their effect on DNA: ionizing radiation
(most commonly ultraviolet light), free radicals, and oxidizers such as oxygen, ozone, and chlorine. Additives can
slow this process very effectively, and can be as simple as a UV-absorbing pigment (i.e., titanium dioxide or carbon
black). Plastic shopping bags often do not include these additives so that they break down more easily as litter.

13- From paragraph 1, we can conclude that corrosion ......... . (AD (6 ool yoo)
1) is useful 2) happens because of oxidation
3) always happens in metallic matters 4) includes reactions with the surroundings

™\ 14 - Paragraph 2 discussesthe ......... of corrosion. (AD (5 ool yoo)
1) types 2) extension 3) causes and places 4) structure and nature

& 15- Which istrue about paragraph 3? AD (5 pol po)
1) Glass is more prone to corrosion than ceramic 2) Some ceramics are already corroded!
3) Corrosion in ceiamic is dissolution 4) Ceramic is immune to corrosion

R 16-From paragraph 4 we can understand that ......... . (AD (5 pol po)

1) Polymers swell for better stiffness.

2) Polymers are easier to dissolve than ceramics.

3) Polymers chain length is a sign of resistance to corrosion.

4) Ceramics and polymeric materials react similarly to corrosion.

T 17-What does the underlined phrase " thisprocess’ in paragraph 5 refer to? A 5yl o)
1) Ionizing 2) Leaching 3) Degradation 4) Oxidizing

Fuel cells are electrochemical devices that combine hydrogen and oxygen in an electrolyte fluid (a solution of ions that
conducts an electric current), creating an electrical charge across a membrane. The reaction produces a steady flow of
electricity. The principle behind fuel cells was first discovered in 1829, nearly 50 years before the first internal-combustion
engine. Unlike most power plants, which use mechanically spinning generators, fuel cells have no moving parts.

The fuel-cell concept first attracted interest in the late 19th century, when a fuel cell, three times as efficient as
American inventor. Thomas Edison's best electric generator, was demonstrated. But the technology was expensive,
and interest in the concept withered. Advances in materials and electronics were necessary to make fuel cells useful
and practical. In the 1960s fuel cells captured the interest of the U.S. space program, which developed small,
efficient fuel cells for use in spacecraft. These orbiting fuel cells were expensive, but by the 1980s-in the wake of
the 1970s oil shortages-they had again attracted the interest of government researchers and investors.
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Fuel cells are roughly twice as efficient as conventional engines in converting fuels to mechanical or electrical
power. They require little maintenance, are nearly silent, and emit only water vapor. Along with the solar cell,
some experts believe the fuel could allow human civilization in the 21st century to step beyond the age of fire
(combustion), which has provided the bulk of the world's energy for more than ten meillennia.

Unlike most power plants, where larger facilities were long associated with lower costs per unit of energy, fuel
cells are nearly as economical on a small scale as on a large one. Researchers are particularly interested in the
proton-exchange membrane (PEM) fuelcell, a design that is now being studied as a potential motor vehicle engine,
small-scale electricity generator, and even as a power source for laptop computers. Ballard, a Canadian company
that has invested heavily in PEM fuel cells, believes the cells can eventually produce electricity at less than $100
per kilowatt, undercutting modern coal-fired power plants by a factor of five or more.

The first generation of fuel cells will likely obtain hydrogen from natural gas, which can be separated into
hydrogen and carbon dioxide when it is heated. But the longterm goal is to use hydrogen directly. Hydrogen is the
most aboundant element in the universe and is found on earth as a component of water. Hydrogen can be produced
from water through electrolysis, which involves splitting water molecules into oxygen and hydrogen by running an
electric current between submerged electrodes.

Electricity generated from renewable resources can produce hydrogen through electrolysis, but the process is
expensive using currently available technologies. Chemists recently developed a solar-powered "water splitter" that
nearly doubles the efficiency of converting solar energy to hydrogen. But the procedure is costly, using two
different semiconductors. Finding less-expensive semiconductors is one key to making the device economical.
Some experts believe that the discovery of an inexpensive efficient way to electrolyze water would make hydrogen-
powered fuel cells the world's dominant energy carrier within a few years.

Unitl that occurs, natural gas could form a kind of bridge to a hydrogen-based energy system. Natural gas is more
abundant than oil, and it has been less heavily exploited, raising the prospect that it will be an important energy source
early in the next century. Because the system for transporting natural gas can also be used to carry hydrogen, a
separate system for hydrogen could be built up gradually. One approach would be to mix hydrogen with natural gas
and carry the fuels in the same pipelines, shifting later to new pipelines that are designed to carry pure hydrogen.

2.18- What does the underlined phrasein paragraph 1 mean? A 5yl o)
1) The mechanical parts in fuel cells do not move. 2) The parts in a fuel cell are static.
3) Fuel cells produce static electricity. 4) Fuel cells produce chemical electricity.

TR 19- What are theimportant motivesin developing the fuel cell technology? A 5yl o)
1) Efficiency and oil shortage 2) Price and interest
3) Space program and government 4) Researchers and inventors

TR.20- Which concept isa little contradictory between paragraphs 2 and 3? (AF 5 ool yos)
1) Emission 2) Expenses 3) Fuel cell 4) Generator

W 21- What does theword 'millennia’ in paragraph 3 mean" (AF 5 ool yo)
1) Centuries of years 2) Decades of years 3) Millions of years 4) Thousands of years

. 22- Wecan infer from paragraph 4 that: A 5yl o)

1) Energy output increases with the size of the fuel cell

2) Fuel cells have an inverse relationship with energy output
3) Power plants have a direct relationship with energy output
4) The larger the fuel cell, the smaller the amount of energy

R.23- What matters most for thefirst generation fuel cells? (AF 5 ool yo)
1) Water 2) Natural gas 3) Hydrogen 4) Electrolysis

T 24- What doesthe word 'process in paragraph 6 refer to? A 6yl o)
1) Renewing resources 2) Hydrogen production  3) Electricity generation  4) Electrolysis

R 25- Which statement istrue about paragraph 7? (AF 5 ool yos)

1) There is an urgent need for radical changes in the transportation system

2) There is no urgent need for radical changes in the transportation system

3) The present pipeline networks can be readily used for hydrogen delivery

4) The present approach is to use the existing pipeline networks to transfer hydrogen.
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Engineers use their knowledge of science, mathematics, and appropriate experience to find suitable solutions to a
problem.Engineering is considered a branch of applied mathematics and science. Creating an appropriate
mathematical model of a problem allows them to analyze it , and to test potential solutions. Usually multiple
reasonable solutions exist, so engineers must evaluate the different design choices on their merits and choose the
solution that best meets their requirements. Genrich Altshuller, after gathering statistics on a large number of patents,
suggested that compromises are at the heart of "low-level" engineering designs, while at a higher level the best design
is one which eliminates the core contradiction causing the problem.

Engineers typically attempt to predict how well their designs will perform to their specifications prior to full-scale
production. They use, among other things: prototypes, scale models, simulations, destructive tests, nondestructive
tests, and stress tests. Testing ensures that products will perform as expected. Engineers as professionals take seriously
their responsibility to produce designs that will perform as expected and will not cause unintended harm to the public
at large. Engineers typically include a factor of safety in their designs to reduce the risk of unexpected failure.
However, the greater the safety factor, the less efficient the design may be.

T 26-What can be the best title for this passage? AN 6yl o)
1) Applications of engineering 2) History of engineering
3) Engineering and problem solving 4) Engineering means applied mathematics

. 27- According to Genrich Altshuller, at lower levels of engineering, ......... : AN 5yl o)

1) more attention should be paid to the cause of a problem

2) there are no differences between existing solutions

3) possible solutions should be changed so that they can be used together
4) attempts should be made to eliminate the basic contradiction

T 28-What should engineers do when ther e are more than one solution to a problem? AN 5yl o)

1) They should eliminate those which might cause additional problems.
2) They should choose reasonable solutions.

3) They should consider the solution which is best for their situation.
4) They should analyze them so that they all match their requirements.

™ 29-In order to predict how their designs meet performance, engineers use all of the following

EXCEPT ......... : AN ol o)
1) economics of operation 2) models of the new product
3) scale models 4) stress tests

&.30-Which of the following can beinferred from the passage? AN ol o)

1) Requirements for marketability and productibility are considered more important than those for cost and safety.
2) It is usually enough for the engineer to build a technically successful product.

3) Engineers derive specifications for the limits within which an object or system may be operated after
full-scale production.

4) The crucial task of the engineer is to identify and understand the constraints on a design in order to produce
a successful result.

The new kind of AC motor, the induction motor, had its origins in certain theoretical considerations. In the
spring of 1888, Galileo Ferraris, a professor at a technical school in " Turin, Italy, published an account of
experiments he had made in the summer of 1885. From consideration of the interaction of two light waves out
of phase, Ferraris had been led to the conception of a constant rotating, magnetic field that was the resultant of two
alternating magnetic, fields 90° out of phase. He showed his students how a single current could be split into two
out-of-phase currents that produced two out-of-phase magnetic fields, and he showed that the single resultant
rotating magnetic field could produce rotary motion of a motor's rotor. Even though Ferraris' induction motor had a
starting torque, he concluded it was only a laboratory device that could not result in a practical motor.
Independently of Ferraris, Nikola Tesla in 1887 applied for a patent on an induction motor operated by a
rotating magnetic field. He also described how single-phase current could be used to run an induction motor.
During the winter of 1887-1888, Testa exhibited his single-phase induction motor, which depended on phase
splitting, as did Ferraris' motor.
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R.31- According to the passage, in 1888 Galileo Ferraris......... . (AR (5 ol 1)

1) carried out his famous experiments

2) designed an electric motor

3) published a report of his experiments

4) was appointed a professor at a technical school in Italy

TR.32- The passage preceding this one probably dealswith ......... . (AR 5 sl yoo)
1) kinds of AC motor 2) AC theory
3) advances in AC machinery 4) uses of the induction motor
R.33- Which of the following statements is true accor ding to the passage? (AR (5 ool o)
1) Ferraris and Tesla got their induction motor patented.
2) No AC motor was in existence before 1888
3) Ferraris set to work with Tesla to create a single-phase induction motor
4) Ferraris' students produced a motor's rotor.
¥ 34- How did Tesla'sinduction motor differ from Ferraris motor? (AR (5 ool o)
1) It depended on phase splitting. 2) It had no starting torque.
3) It was run by two magnetic fields. 4) It was operated by single-phase current.
W35-It can beinferred from the passage that Ferraris ......... . (AR 5 sl o)
1) did not use a power supply to run his motor 2) was not pleased with his induction motor

3) used a laboratory device to complete his experiments ~ 4) created a commercially successful induction motor

The first commercially practical electric motor was introduced in the 1880's-more than a half century after
certain fundamental-discoveries in electricity and magnetism in the early 1820's. Among them were the discovery
of how to make an electromagnet and that of how to produce motion from such a magnet. In England in 1821
Michael Faraday demonstrated for the first time that continuous rotary motion could be obtained from a magnet
and a movable wire. Peter Barlow modified Faraday's experiment in 1822 to show how the rotary motion of a
wheel could be obtained. In the United. States, Joselph Henry joined together basic components battery, an
electromagnet, and a commutate to build a continuously operating electric motor in 1831. Thomas Davenport a
blacksmith from Brandon, Vt, became fascinated by one of Henry's electromagnets. After several years of effort,
Davenport issued the first American patent on an electric motor in, 1831. Davenport built many motors, and they
had exceptional electrical and magnetic features for the time. Nevertheless, he spent his entire life in a fruitless
effort to use electricity as a new source of motive power for commerce and industry.

Such pioneering attempts to harness electricity were in vain. One important obstacle was that the funds necessary
to finance the long period of development were not available. An even more decisive factor was that the electric
power was produced by batteries that required expensive metals and acids, and thus electric power could not
compete commercially with the steam power produced by much cheaper coal and water.

. 36- This passage is mainly about ......... . (AR (5 ool o)
1) sources of electric power 2) the first electric motor
3) discoveries in electricity 4) using magnetism to produce motion
R.37- According to the passage, Peter Barlow ......... . (AR (5l 1)
1) reacted against Farday's experiment 2) made the first rotating wheel
3) made some changes to Faraday's experiment 4) showed the continous rotary motion of a wheel
T.38- According to the pssage, Thomas Davenport ......... . (AR 5 sl po)

1) patented many electic motors

2) was inspired by Henry's electromagnet

3) carried out experiments similar to Faraday's experiment
4) was the first American to use electric power in industry

TR.39- What isauthor's attitude towar d attempts to use electricity to produce motion? (AR (5 sl po)
1) supportive 2) scientific 3) neutral 4) negative
TR.40- It can beinferred from the passage that ......... . (AR (5 ol 1)

1) attempts made to create electromagnetics were unsuccessful

2) steam power failed to be a good substitute for electric power

3) early sources of electric power were not commercially practical

4) shortly after its discovery, electricity was used as a source of motive power
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