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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.

2 (Syme oy, L) (Gilsie jef Jeily ged o Jols clo o aile oo 1) 3l 51 (e Jols el o)ls S5 ol slacdle b Sealynga 5

.&%TS& S92 J 30 (S d R DSl (5950 ui‘.éb!al 5 Jols J o P STl 0924 P
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.
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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CHAPTER TWO

((Automechanics Engineering))

The source of power for spark-ignition engines:

The source of power is heat generated when a mixture of air and fuel is directed into the engine and ignited. Heat
causes expansion of air trapped in the closed cylinder of the engine. A piston in the cylinder is forced through the
cylinder in linear motion, which is translated into rotary motion through the connecting rod attached to the
crankshaft crankpin. The process is repeated resulting in reciprocating piston movement.
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The events of a work cycle:
There are five events that must occur for the engine to produce power. This series of events is called the "work

cycle" and must be repeated for the engine to run. The events are named intake, compression, ignition, power and
exhaust (below figure). The description and sequence are explained as follows:
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1. Intake : As the piston moves downward, the exhaust valve is closed and the intake valve opens, allowing the
new air-fuel mixture from the carburetor to be drawn into the cylinder (A) .When the piston reaches the bottom of
its travel, the intake valve closes, sealing the cylinder.
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2. Compression: While the crankshaft continues to rotate, the piston moves toward the top of the cylinder,
compressing the air-fuel mixture (B).
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3. Ignition: As the piston almost reaches the top of its travel, the spark plug fires, igniting the compressed air-fuel
mixture (C).
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4. Power: The piston continues to top dead center, then is pushed downward by the rapidly expanding gases created

as the air-fuel mixture burns in the cylinder (D).
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5. Exhaust: When the piston reaches the bottom of its stroke, the exhaust valve opens. As the piston moves upward

in the cylinder, combustion byproducts are forced out of the cylinder through the exhaust passage. After the piston
has reached the top of its stroke, the exhaust valve closes and a new cycle begins with the intake event (E).
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The major components of a typical four-stroke engine :( below figures)
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Piston Pin

Cylinder

Fly wheel

Connecting
rod

Camshaft Crank Pin Camshaft
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1. Air filter-prevents the entrance of dirt and other debris that will damage the engine if unfiltered.
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2. Carburetor-mixes fuel with air in the proper ratio to produce a combustible mixture.
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3. Intake manifold-directs fuel-air mixture from carburetor to engine.

4. Flywheel-inertia produced by the rotating flywheel maintains crankshaft rotation when not on power stroke; may
house magnets for ignition; fins move air for engine cooling; may be part of starter mechanism.
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5. Ignition system-generates electricity so a spark occurs at the spark plug gap just as the piston reaches a specified
position in the cylinder.
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6. Oil seal-prevents oil in the crankcase from escaping.
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7. Crankcase-houses internal engine components include the cylinder which is cast as a one-piece unit with
crankcase.

(S, S Jon gy L a2 S 05y S ol 4 5 |y il alar ) JL51s 35] g0 S el (S o daagy) 5,15 aliioro Y

A2 oo sl 395 40 Wwed so
8. Governor linkage-transfers movement of internal governor assembly (26) to carburetor control linkage.
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9. Sparkplug-ignites fuel - air mixture.
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10. Cylinder head-encloses one end of the cylinder; may be removed for access to cylinder, piston and valves.
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11. Head gasket-seals surfaces of cylinder head and cylinder.
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12. Muffler-lessens noise in exhaust system.
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13. Crankcase breather-contains a breather valve that maintains a vacuum in the crankcase.
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14. Piston rings-upper piston rings maintain a seal between the piston and cylinder wall, while lower piston ring

prevents oil in the crankcase from flowing past the piston into combustion area. The piston is normally fitted with
three piston rings, all of which are usually different in design.
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15. Piston-slides in cylinder in reciprocating motion.
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16. Piston pin-connects piston and connecting rod.
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17. Piston pin retaining clips-a clip at each end of piston pin prevents the pin from extending past the piston and
contacting the cylinder wall.
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18. Connecting rod-transfers motion from the piston to the crankshaft.
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19. Crankshaft-converts reciprocating motion of the piston to rotary motion. One end of the crankshaft is
designated the power take-off end (pto) so power can be transmitted to powered equipment.
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20. Intake valve-used to Open and close the intake passage.
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21. Exhaust valve-used to Open and close the exhaust passage.
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22. Valve spring-used on valves to hold the valve closed.
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23. Valve retainer-secures the valve and spring in position.
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24, Tappet- opens the valve according to lobe profile on camshaft. So may be called a lifter.
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25. Camshaft-lobes on the camshaft push against the tappets to open the valves.
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26. Governor-Monitors crankshaft speed and actuates linkage to the carburetor to maintain a set crankshaft speed
regardless of load.
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27. Gasket-prevents oil leakage between the oil pan and crankcase.
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28. Oil pan-contains oil and supports one end of the crankshaft.
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CHAPTER THREE
((Solids))

. Section 1: Statics

What Is Mechanics?
Mechanics may be defined as that science which describes and predicts the conditions of rest or motion of bodies
under the action of forces. It is divided into three parts: mechanics of rigid bodies, mechanics of deformable bodies,
and mechanics of fluids.
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The mechanics of rigid bodies is subdivided into statics and dynamics, the former dealing with bodies at rest, the latter

with bodies in motion. In this part of the study of mechanics, bodies are assumed to be perfectly rigid. Actual
structures and machines, however, are never absolutely rigid and deform under the loads to which they are subjected.
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But these deformations are usually small and do not appreciably affect the conditions of equilibrium or motion of
the structure under consideration. They are important, though, as far as the resistance of the structure to failure is
concerned and are studied in mechanics of materials, which is a part of the mechanics of deformable bodies.
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The third division of mechanics, the mechanics of fluid, is subdivided into the study of incompressible fluids and of
compressible fluids. An important division of the study of incompressible fluids is hydraulics, which deals with
problems involving liquid.
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Mechanics is a physical science, since it deals with the study of physical phenomena. However, some associate
mechanics with mathematics, while many consider it as an engineering subject. Both these views are justified in
part. Mechanics is the foundation of most engineering sciences and is an indispensable prerequisite to their study.
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However, it does not have the empiricism found in some engineering sciences, i.e., it does not rely on experience or
observation alone; by its rigor and the emphasis it places on deductive reasoning it resembles mathematics. But,
again, it is not an abstract or even a pure science; mechanics is an applied science. The purpose of mechanics is to
explain and predict physical phenomena and thus lay the foundations for engineering applications.
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Fundamental concepts and principles:

The basic concepts used in mechanics are space, time, mass, and force. These concepts cannot be truly defined;
they should be accepted on the basis of our intuition and experience and used as a mental frame of reference for our
study of mechanics.
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The concept of space is associated with the notion of the position of a point P. The position of P may be defined by
three lengths measured from a certain reference point, or origin, in three given directions. These lengths are known
as the coordinates of P.
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To define an event, it is not sufficient to indicate its position in space. The time of the event should also be given.
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The concept of mass is used to characterize and compare bodies on the basis of certain fundamental mechanical
experiments. Two bodies of the same mass, for example, will be attracted by the earth in the same manner; they
will also offer the same resistance to a change in translational motion.
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A force represents the action of one body on another. It may be exerted by actual contact or at a distance, as in the
case of gravitational forces and magnetic forces. A force is characterized by its point of application, its magnitude,
and its direction; a force is represented by a vector.
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In Newtonian mechanics, space, time, and mass are absolute concepts, independent of each other. (This is not true
in relativistic mechanics, where the time of an event depends upon its position, and where the mass of a body varies
with its velocity).
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On the other hand, the concept of force is not independent of the other three. Indeed, one of the fundamental
principles of Newtonian mechanics listed below indicates that the resultant force acting on a body is related to the
mass of the body and to the manner in which its velocity varies with time.
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By particle we mean a very small amount of matter which may be assumed to occupy a single point in space.
A rigid body is a combination of a large number of particles occupying fixed positions with respect to each other.
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The study of the mechanics of particles is obviously a prerequisite to that of rigid bodies. Besides, the results

obtained for a particle may be used directly in a large number of problems dealing with the conditions of rest or

motion of actual bodies.
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The study of elementary mechanics rests on six fundamental principles based on experimental evidence.
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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 (slow 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 metal and because the flow of the metal

into the die cavity is more akin to Bingham flow rather than to Newtonian flow. Below figure is a schematic of the
opportunities in 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 10 all the way to solid materials at 10%.
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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 alternative.
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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. Dochler is credited with developing die casting for the production of metal components in high volumes.
Initially, 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 pressure die 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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CHAPTER FIVE
((Bioengineering))

Part 1&2: Readings and Definitions
The Field:
Bioengineering or Biomedical Engineering is a discipline that advances knowledge in engineering, biology, and

medicine, and improves human health through activities that integrate the engineering sciences with the biomedical
sciences and clinical practices.
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Bioengineering/Biomedical Engineering combines engineering expertise with medical needs for the enhancement
of health care. It is a branch of engineering in which knowledge and skills are developed and applied to define and
solve problems in biology and medicine.
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Those working within the bioengineering field are of service to people, work with living systems, and apply
advanced technology to the complex problems of medical care. Biomedical engineers may be called upon to design
instruments and devices, to bring together knowledge from many sources to develop new procedures, or to carry
out research to acquire knowledge needed to solve new problems.
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Major advances in Bioengineering include the development of artificial joints, magnetic resonance imaging (MRI),
the heart pacemaker, arthroscopy, angioplasty, bioengineered skin, kidney dialysis, and the heart-lung machine.
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Specialty Areas:
By combining biology and medicine with engineering, biomedical engineers develop devices and procedures that
solve medical and health-related problems. Many do research, along with life scientists, chemists, and medical
scientists, to develop and evaluate systems and products for use in the fields of biology and health, such as artificial

organs, prostheses (artificial devices that replace missing body parts), instrumentation, medical information
systems, and health management and medical care systems.
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Some of the well - established specialty areas within the field of biomedical engineering are bioinstrumentation,
biomechanics, biomaterials, systems physiology, clinical engineering, and rehabilitation engineering.
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Bioinstrumentation:
Bioinstrumentation is the application of electronics and measurement principles and techniques to develop devices
used in diagnosis and treatment of disease. Computers are becoming increasingly important in bioinstrumentation,
from the microprocessor used to do a variety of small tasks in a single purpose instrument to the extensive
computing power needed to process the large amount of information in medical imaging systems.
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Biomechanics:
Biomechanics is mechanics applied to biological or medical problems. It includes the study of motion, of material
deformation, of flow within the body and in devices, and transport of chemical constituents across biological and synthetic
media and membranes. Efforts in biomechanics have developed the artificial heart and replacement heart valves, the artificial
kidney, the artificial hip, as well as built a better understanding of the function of organs and musculoskeletal systems.
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Biomaterials:
Biomaterials describes both living tissue and materials used for implantation. Understanding the properties of the
living material is vital in the design of implant materials. The selection of an appropriate material to place in the
human body may be one of the most difficult tasks faced by the biomedical engineer.
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Certain metal alloys, ceramics, polymers, and composites have been used as implantable materials. Biomaterials
must be nontoxic, noncarcinogenic, chemically inert, stable, and mechanically strong enough to withstand the
repeated forces of a lifetime.
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Systems Physiology:
Systems physiology is the term used to describe that aspect of biomedical engineering in which engineering strategies,
techniques and tools are used to gain a comprehensive and integrated understanding of the function of living organism.
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Modeling is used in the analysis of experimental data and in formulating mathematical descriptions of
physiological events. In research, models are used in designing new experiments to refine our knowledge. Living

systems have highly regulated feedback control systems which can be examined in this way. Examples are the
biochemistry of metabolism and the control of limb movements.
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Clinical Engineering:

Clinical engineering is the application of technology for health care in hospitals. The clinical engineer is a member
of the health care team along with physicians, nurses and other hospital staff. Clinical engineers are responsible for
developing and maintaining computer databases of medical instrumentation and equipment records and for the
purchase and use of sophisticated medical instruments.
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CHAPTER SIX
((Reading Comprehension))
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