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INTRODUCTION

Hydroelectric Power -- what is it?

It's a form of energy ... a renewable resource. Hydropower provides about 96 percent of the
renewable energy in the United States. Other renewable resources include geothermal, wave
power, tidal power, wind power, and solar power. Hydroelectric powerplants do not use up
resources to create electricity nor do they pollute the air, land, or water, as other powerplants
may. Hydroelectric power has played an important part in the development of this Nation's
electric power industry. Both small and large hydroelectric power developments were
instrumental in the early expansion ol the electric power industry.

Hydroelectric power comes from flowing water ... winter and spring runoff from mountain
streams and clear lakes. Water, when it is falling by the force of gravity, can be used to turn
turbines and generators that produce electricity.

Hydroelectric power is important to our Nation. Growing populations and modern technologies
require vast amounts of electricity for creating, building, and expanding. In the 1920,
hydroelectric plants supplied as much as 40 percent of the electric energy produced. Although
the amount of energy produced by this means has steadily increased, the amount produced by
other types of powerplants has increased at a faster rate and hydroelectric power presently
supplies about 10 percent of the electrical generating capacity of the United States.
Hydropower is an essential contributor in the national power grid because of its ability to
respond quickly to rapidly varying loads or system disturbances, which base load plants with
steam systems powered by combustion or nuclear processes cannot accommodate.

Reclamation's 58 powerplants throughout the Western United States produce an average of 42
billion KWh (kilowatt-hours) per year, enough to meet the residential needs of more than 14
million people. This is the electrical energy equivalent of about 72 million barrels of oil.
Hydroelectric powerplants are the most efficient means of producing electric energy. The
efficiency of today's hydroelectric plant is about 90 percent. Hydroelectric plants do not create
air pollution, the fuel--falling water--is not consumed, projects have long lives relative to other
forms of energy generation, and hydroelectric generators respond quickly to changing system
conditions. These favorable characteristics continue to make hydroelectric projects attractive
sources of electric power.

HOW HYDROPOWER WORKS

Hydroelectric power comes from water at work, water in motion. It can be seen as a form of
solar energy, as the sun powers the hydrologic cycle which gives the earth its water. In the
hydrologic cycle, atmospheric water reaches the earth's surface as precipitation. Some of this
waler evaporates, but much of it either percolates into the soil or becomes surface runoff. Water
from rain and melting snow eventually reaches ponds. lukes. reservoirs, or oceans where
evaporation is constantly occurring.
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Moisture percolating into the soil may become ground water (subsurface water), some of which
also enters water bodies through springs or underground streams. Ground water may move
upward through soil during dry periods and may return to the atmosphere by evaporation.

Water vapor passes into the atmosphere by evaporation then circulates, condenses into clouds,
and some returns to earth as precipitation. Thus, the water cycle is complete. Nature ensures
that water is a renewable resource.

Generating Power

In nature, energy cannot be created or destroyed, but its form can change. In generating
electricity, no new energy is creaied. Actually one form of energy is converted to another form.

To generate electricity, water must be in motion. This is Kinetic (moving) energy. When
flowing water turns blades in a turbine, the form is changed to mechanical (machine) energy.
The turbine turns the generator rotor which then converts this mechanical energy into another
energy form -- electricity. Since water is the initial source of energy, we call this hydroelectric
power or hydropower for short.

At facilities called hydroelectric powerplants, hydropower is generated. Some powerplants are
located on rivers, streams, and canals, but for a reliable water supply. dams are needed. Dams
store water for later release for such purposes as irrigation, domestic and industrial use, and
power generation. The reservoir acts much like a battery, storing water to be released as needed
to generate power.
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Transmitting Power

Once the electricity is produced, it must be delivered to where it is needed -- our homes, schools,
offices, factories, etc. Dams are often in remote locations and power must be transmitted over
some distance to its users.

Vast networks of transmission lines and facilities are used to bring electricity to us in a form we
can use. All the electricity made at a powerplant comes first through transformers which raise
the vollage so it can travel long distances through powerlines. (Voltage is the pressure that
forces an electric current through a wire.) At local substations, transformers reduce the voltage
so electricity can be divided up and directed throughout an area.

Transformers on poles (or buried underground, in some neighborhoods) further reduce the
electric power to the right voltage for appliances and use in the home. When electricity gets to
our homes, we buy it by the kilowatt-hour, and a meter measures how much we use.
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While hydroelectric powerplants are one source of electricity, other sources include powerplants
that burn fossil fuels or split atoms to create steam which in turn is used to generate power. Gas-
turbine, solar, geothermal, and wind-powered systems are other sources. All these powerplants
may use the same system of transmission lines and stations in an area to bring power to you. By
use of this “power grid,” electricity can be interchanged among several utility systems to meet
varying demands. So the electricity lighting your reading lamp now may be from a hydroelectric
powerplant, a wind generator, a nuclear facility, or a coal, gas, or oil-fired powerplant ... or a
combination of these.
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Advantages of Hydroelectric
Power plants

» Mo Fuel charpes No fuel transportation

# [Hlghly roliabie

# Operation and maintenance cost 15 less

= Plant efficiency does nol change with agze

# | takes a fow minutes to ran and
synchronize the plant

# Less manual supervision reguined

= Plant has comparatively long [ite
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4.3 FUEL INJECTION SYSTEM

Fuel injection is a system for mixing fuel with air in an internal combustion engine. A
fuel injection system is designed and calibrated specifically for the type of fuel it will
handle. Most fuel injection systems are for diesel applications. With the advent of
electronic fuel injection (EFI), the diesel gasoline hardware has become similar. EFI’s
programmable firmware has permitted common hardware to be used with different fuels.
Carburetors were the predominant method used to meter fuel before the widespread use
of fuel injection. A variety of injection systems have existed since the earliest usage of
the internal combustion engine.
The primary difference between carburetors and fuel injection is that fuel injection
atomizes the fuel by forcibly pumping it through a small nozzle under high pressure,
while a carburetor relies on low pressure created by intake air rushing through it to add
the fuel to the air stream.
The fuel injector is only a nozzle and a valve: the power to inject the fuel comes from a
pump or a pressure container farther back in the fuel supply.
Objectives
The functional objectives for fuel injection systems can vary. All share the central
task of supplying fuel to the combustion process, but it is a design decision how a
particular system will be optimized. There are several competing objectives such

as :
. power output,
. fuel efficiency,
. emissions performance.
. reliability,
. smooth operation,

Scanned with CamScanner

(8]
Tad



4.3.1 Basic Function

The process of determining the necessary amount of fuel, and its delivery' into the
engine, are known as fuel metering. Early injection systems used mechanical methods to
meter fuel (non electronic or mechanical fuel injection). Modern systems are nearly all

electronic, and use an electronic solenoid (the injector) to inject the fuel. An electronic
engine control unit calculates the mass of fuel to inject.
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. initial cost,

. maintenance cost,
. diagnostic capability. and
. range of environmental operation.

Certain combinations of these goals are conflicting, and it is impractical for a
single engine control system to fully optimize all criteria simultaneously. In
practice, automotive engineers strive to best satisfy a customer’s needs
competitively. The modern digital electronic fuel injection system is far more
capable at optimizing these competing objectives consistently than a carburetor.
Carburetors have the potential to atomize fuel better.

Benefits

Operational benefits include smoother and more dependable engine response
during quick throttle transitions, easier and more dependable engine starting,
better operation at extremely high or low ambient temperatures, increased
maintenance intervals, and increased fuel efficiency. On a more basic level, fuel
injection does away with the choke which on carburetor-equipped systems must be
operated when starting the engine from cold and then adjusted as the engine
warms up.

An engine’s air/fuel ratio must be precisely controlled under all operating
conditions to achieve the desired engine performance, emissions. and fuel
economy. Modern electronic fuel-injection systems meter fuel very accurately,
and use closed loop fuel-injection quantity-control based on a variety of feedback
signals from an oxygen sensor, a mass airflow (MAF) or manifold absolute
pressure (MAP) sensor, a throttle position (TPS), and at least one sensor on the
crankshaft and camshaft to monitor the engine's rotational position. Fuel injection
systems can react rapidly to changing inputs and control the amount of fuel
injected to match the engine'’s dynamic needs across a wide range of operating
conditions such as engine load, ambient air temperature, engine temperature, fuel
octane level, and atmospheric pressure.

A multipoint fuel injection system generally delivers a more accurate and equal
mass of fuel to each cylinder, thus improving the cylinder-to-cylinder distribution.
Exhaust emissions are cleaner because the more precise and accurate fuel
metering reduces the concentration of toxic combustion byproducts leaving the
engine, and because exhaust cleanup devices such as the catalytic converter can be
optimized to operate more efficiently since the exhaust is of consistent and
predictable composition.

Fuel injection generally increases engine fuel efficiency. With the improved
cylinder-to-cylinder fuel distribution, less fuel is needed for the same power
output. When cylinder-to-cylinder distribution is less than ideal, as is always the
case to some degree with a carburetor or throttle body fuel injection. some
cylinders receive excess fuel as a side effect of ensuring that all cylinders receive
sufficient fuel. Power output is asymmetrical with respect to air/fuel ratio; burning
extra fuel in the rich cylinders does not reduce power nearly as quickly as burning
too little fuel in the lean cylinders. However, rich-running cylinders are
undesirable from the standpoint of exhaust emissions, fuel efficiency, engine
wear, and engine oil contamination. Deviations from perfect air/fuel distribution.
however subtle, affect the emissions, by not letting the combustion events at the
chemically ideal (stoichiometric) air/fuel ratio. Grosser distribution problems
eventually begin to reduce efficiency, and the grossest distribution issues finally
affect power. Increasingly poorer air/fuel distribution affects emissions.
efficiency, and power, in that order. By optimizing the homogeneity of
cylinder-to-cylinder mixture distribution. all the cylinders approach their
maximum power potential and the engine's overall power output improves.
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