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INPEANCJIOBHUE

[To TemaTudeckoMy MpHU3HAKy MOcOOME pa3AeNeHO Ha JIBE€ TJIABHBIC YaCTH —
“General Aviation” u “Computer Science”. Bce cBeneHusi, u3jgaraeMbele B IOCOOHH,
COOTBETCTBYIOT TIJIaBHBIM HampasiieHusaM crneunanumzauun MI'TY T'A. Crnenys
TEMaTU4YECKOMY MPHUHIMITY, MOCOOHME pa3[eleH0 Ha OTAEIbHbIE TOMHKU JUIS
MUCBMEHHOTO M YCTHOTO OOIIEHHUS MO CHEHUATbHOCTH. YUEeOHBIH TEKCT TOMHKa
BBOJIUTCSl TPEMNoJiaBaTesieM B BUJE JIEKLUU, KOTOPas COJEPKUT KOMMEHTApUU €ro
collepKaHUsl C IENIbI0 COONIOACHUS TOYHOCTH IepeBoja Ha pycckui s3bik. [lo
3aBEpIICHUHA BBOJIa, Y4YEOHBIM MaTepuan aKTUBHPYETCS B BOIMPOCHO-OTBETHOM
dhopme.

Bosnee BBICOKMM ypOBHEM aKTHUBAIlMM MaTepHalia SIBISIOTCS BBICTYIUICHUS
CTYZCHTOB C COOOIIIEHUSIMU U TOKJIaIaMH Ha aHTJIUICKOM SI3BIKE.

3aBepuIaroIiM ATaOM MOXKET CTaTh y4acTHE CTYJEHTOB B MHHH CIICKTaKJISAX,
CIICHapUHU KOTOPBIX pa3pabaThIBAIOTCSA Ha TUIaKTHYeCKoM ocHOBe “Aviation Talk”.

Pabota ¢ yueOHBIMH MaTepuaiaMy 3TOTO YPOBHS OPMEHTHUPOBAHA HA Pa3BUTHE
y CTYACHTOB TBOPYECKOTO HMHXKEHEPHOTO MBIIUICHUS, YMEHUSA TUCKyTHPOBATh Ha
HAyYHO-TEXHUYECKHE  TEeMbl,  H3BJCKas  HEOOXOAMMYIO  TEPCIEKTHBHYIO
MH(}OpMAIHIO.

Y4yeOHBIE MHHHM CHEKTaKJIb MOXET MpPOBOJUTHCS B (opmMe HaydHO-
MPAKTUYECKOIO CEMHUHapa, y4yeOHOro CHUMIIO3UyMa WM KOH(EPEHLUH, 3acelaHus
KOMUCCHH T10 pacciael0BaHUIO IPUYUH JIETHOTO MPOUCUIECTBUS UM KaTaCTPOQBI.

Hunaktuyeckas 3QpGHEeKTUBHOCTh yU€OHOTO 3aHSTHS MOBBIIMIACTCSA C YCIECIIHBIM
uCcrosb30oBaHneM MatepuanioB “Aviation Talk” mnpu pabGore B mape, rae poJb
MHCTPYKTOpA UCTIOJHIET HanboJiee MoArOTOBICHHBIN CTY IEHT.

BBoaHbIle pa3gensl Kypca NMOCTaHOBKM IMPOW3HOIICHHS SIBISIOTCS HanOoliee
OTBETCTBEHHBIMH, YaCTO TPEOYIOMIMMH KOPPEKTUPYIOIINX 3aHITHHA JIJIsI OTCTAIOIIIX
cTyaeHToB. [lodToMy mpu HCIONB30BaHMM BCEX BO3MOXKHOCTEH COBPEMEHHBIX
TEXHUUYECKUX CPEACTB oOecredeHns yueOHOro mporecca, OHU MOTYT CIYXKUTh JIUIIIb
MOMOITHUKAMU TPENO/IaBaTeNsl, PACIIUPSIIONIMMH €r0 AUIAKTUIECKHUE BO3MOKHOCTH
Y TIOBBIIIAIOIIHUMH 3(PPEKTUBHOCTD €T0 TPYIa.



INTRODUCTION:
PRACTICAL APPLICATIONS
OF NEWTON’S THIRD LAW OF MOTION

Nature of a Force

The word force is a general term for any push or pull. A force is always exerted on a
body by another body, or on a part of a body by another part.

The gravitational force exerted on a body by the earth acts toward the earth’s center.
It is a concentrated force acting at a point called the center of gravity of the body.

The gravitational attraction or earth pull on a body is commonly called the weight of
the body.

Composition and Resolution of a Forces

A force is an action exerted by one body on another that tends to change the state of
motion of the body acted upon. To specify a force, it is necessary to know its
direction, magnitude, and sense. Hence, forces are vector quantities. They must be
added, subtracted, multiplied, and divided vectorially. The ordinary arithmetical rules
of addition, subtraction, multiplication, and division, which are valid for scalar
quantities, cannot be used except in special cases. Forces like other vector quantities
can be represented by straight lines. The direction of the line represents the direction
in which the force acts. And the head of an arrow on the line shows whether the force
acts up or down, to the right or to the left, east or west, etc.

Motion

The commonest phenomena which we observe are those involving the movement of
subject from one point to another. Walking, riding, flying, dancing, climbing and
sailing are all familiar examples of motion.

Motion is the continuous change in position of an object or a particle. The line along
which a moving particle travels is called the path of the particle or the path of the
motion. If the path is a straight line the motion is rectilinear; if it is a curved line the
motion is curvilinear.

Plane Motion

Plane motion is motion in which each point of the moving body remains at a constant
distance from a fixed plane. Each point of the body moves in a plane, and that plane
in which the center of gravity of the body moves is called the plane of the motion. A
translation may or may not be a plane motion; a rotation about a fixed axis is always
a plane motion.

Newton’s Laws of Motion

Thus far we have studied the laws of motion, without asking, “What is it that causes a
body to move?” We know that a force is needed in order to change the motion of a
body, that is, in order to accelerate it or decelerate it, or to change its direction. In the
absence of a force, a body will either remain at rest, or continue to move with
constant speed in a straight line. These conclusions are summed up in three
statements known as laws of motion.



The first law

The statement of the first law of motion is as follows:

A body at rest remains at rest and a body in motion remains in motion at a constant
speed in a straight line, unless acted upon by an external force.

Thus the first law involves the idea of motion and the idea of force. It explains what
Is to be understood by force: it is that which tends to change the state of rest of a
body, or of uniform motion in a straight line.

The second law

The second law deals with the change in motion of a body when force is applied to it.
This law is stated as follows:

Rate of change of motion of a body is proportional to the applied force and is in the
direction in which the force acts.

The expression change of motion requires explanation. By motion is here meant
quantity of motion or momentum. It is defined as the product of the velocity and a
quantity called the mass of the body.

The Third Law

The third law of motion may be stated as follows.

To every action there is always an equal and opposite reaction. It is matter of
common observation that a body A cannot exert force on a second body B without B
at the same time exerting force on A. Thus all forces occur in pairs, which may
conveniently be spoken of as action and reaction. The third law of motion tells us that
the two forces which constitute such a pair are equal in magnitude and opposite in
direction.

For example, when we stretch a rubber band, holding one and in each hand, you must
pull as hard with your left hand as you do with your right hand.

Practical applications of Newton’s Laws of Motion Forces opposite in direction
There are four main forces exerted on an aircraft: they are lift and gravitational force,
which exert along its vertical axis.

Next pair of forces is thrust and frontal drag which exert along longitudinal axis.

Lift (the sum of all upward forces or supporting force of the air) is developed by
wings of the airplane.

The gravitational force or the weight of the airplane (the sum of downward acting
forces) acts at the center of gravity of the airplane. Lift and gravitation forces are
always opposite in direction. When they are equal in magnitude the aircraft doesn’t
climb or dive, altitude doesn’t change. Such kind of airplane’s motion may be called
plane motion because the altitude doesn’t change.

Thrust (the sum of all forward forces) or propulsive force is a force making the
airplane move forward. To remain in level unaccelerated flight, a thrust must be equal
and opposite in direction to the aircraft drag. The propulsion force is obtained by the
displacement of the air flowing through the get engine in a direction opposite to that
in which the airplane is propelled. This is an application of Newton’s Third Law of
motion.
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Drag and weight are forces inherent in anything lifted from the earth and moved
through the air. Thrust and lift are artificially created forces used to overcome the
forces of nature and enable an airplane to fly.

The engines combination is designed to produce thrust to overcome drag. The wing is
designed to produce lift to overcome the weight (gravity).

‘ D
wght

Fig.1 Relationship of forces in flight

VTOL

At present much attention is paid to the development of vertical and short take-off
and landing airplanes (VTOL) through their ability to fly fast as well to take-off and
land vertically. The possibility to land on any surface and to take off vertically is very
important for civil aviation aircraft and for military airplanes. In airplane “rise and
landing” vertical have at all eliminated both-start and run. Landing demands from the
pilot of jeweler work: it is necessary smoothly increase an angle of attack of the wing
to pass the plane from horizontal in vertical position to be hooked by a hook for a
cable, to bring the machine to a stage and to join with it.

On hovering the pilot manipulate gas rudders. It’s important to understand the
general laws of “trailing” flight, landing in the view of influence of the ground, the
management without any aerodynamic rudders. For these purposes in our country is
constructed flying stand “turbo fly”, flying TRD with a cabin mounted on it, the
chassis and wisely located cross-bars of gas rudders.

As the range of flight on such plane is limited, the engines for vertically flying up
are with small length of start of the plane, should chosen TVRD (turbofan engines)
with easy elevating engines.

The part of a jet is allocated from the engine and thrown out vertically downwards.
Depending on capacity of the allocated stream the airplane will start vertically or runs
before taking off about 90 meters.
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Part 1
GENERAL AVIATION
Topic 1
Why Airplanes Fly

Airplanes are power-driven, heavier-than-air craft, which drive their lift i.e. a
support in the air from the dynamic reaction of the air flow over a system of fixed
surfaces or wings. Wings develop lift when they move through the air with
sufficiently high speed. According Bernoulli’s Principle, wings and tail surfaces (the
airfoils) are designed to increase the velocity of the air-flow above their surface,
thereby decreasing pressure above the airfoil and increasing lift.

Simultaneously, the impact of the air on the lower surface of the airfoil
increases the pressure below (i.e. lift)

This high speed of the air is imparted to airplane by its power plant. The power
plan consists of one or several jet engines. The jet engines develop thrust.

The amount of lift can be calculated as the difference of air pressures below the
wing and above the wing. This difference depends on air speed of the airplane and on
the angle of attack of the wing. Generally the higher is the air speed of the airplane
the higher is the developed lift.

The amount of thrust can be calculated as the product of the mass of air
flowing through the jet engine by its acceleration. As a rule, thrust is created
whenever there are divergent passages which convert velocity, or kinetic energy, into
pressure energy.

Comprehensive Text-Related Glossary

why [wai] - moyemy

airplane ['saplein] — camouter; aircraft ['eokra:ft] — neratenpHbIi anmapar BooOIIe

to fly; flew; flown [flar; flu; floun] - neTaTs

heavier than ['hevia] — Tsokenee yem

to fall; fell; fallen [fo:l; fel; fo:lon] - manate

to support [so'po:t] - mogepxuBaTH

supporting force [fo:S] — moxneprxuBaroras cuia

lift [I1ft] — moxbemuas cuna (Hamp. KpbLIa)

to develop [di'velop] — pa3BuBaTh (Hamp. MOABEMHYIO CHITY)

wing [win] — KpbLI0, a9poAMHaAMUYeCKast TOBEPXHOCTh

sufficiently [sa'fifontli] — nocTarouno

speed [spi:d] — ckanspHas (He UMeIOIIas HalpaBleHusI) ckopocTh; Velocity [vr'lositi]
— BEKTOPHAsI CKOPOCTh M3MEHEHUS (ITapameTpa)

to impart [1m'pa:t] — coobmatk, nepenaars (ycuiue)

power plant; also: power plant ['‘pauspla:nt] — cunoBas ycranoBka (cocrosiimas U3
HECKOJIbKUX PEaKTHBHBIX JIBUTATEIICH )

several ['sevral] - HeckombKO

thrust [Orast] — tara nBuratens (B HproToHaX MM TOHHAX )
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air speed [eo spi:d] — Bo3gymHas ckopocth camoiiera; ground speed [graund] —
myTeBas CKOPOCTh camoJieTa; indicated air speed — mprbopHasi CKOPOCTh caMoJIeTa
angle of attack of the wing — yron ataku xpbiaa (yros Mexay XOpJAOW KpbLia M
HaIpaBJICHUEM JIBUKEHHS KPblia OTHOCHTEIBHO BO3IYITHON MacChl)

develop lift — pazBuBaemas nmogremMHast cuia

amount [o'maunt] — BemuurHa (TATH, TOIHEMHON CHITBI)

product ['prodakt] — npousBeneHue (pe3yabTaT YMHOKEHNUS)

acceleration [ok sela'rerfon] - yckopenue

rule [ru:l] - mpaBumo

to create [kri:'ert] - co3gaBaTh

whenever [wen'eva] — Beskuii pas

divergent [dar'va:dzont] - pacmmupsirormiics

passage [pesid3] - kaHai

to convert [kon'v3:t] - npeobpa3zoBbIBaTH

pressure ['prefa] — naBnenue

1.1. Questions for Argument and Discussion

Why don’t airplanes fall?

What is lift?

What flight parameters does lift depend on?

When is lift developed?

What are wings for?

How do we call the device which imparts high speed to the airplane?
What part does the powerplant consist of?

What does the jet engine do?

How can we calculate the amount of lift?

10.  Why air pressure below the wing is higher than air pressure above the wing?
11.  What is thrust?

12. How can we calculate the amount of thrust?

13.  What does the mass of air flowing through the engine depend on?

14.  How do we call the difference between the input speed of the air and its output
speed?

15.  What air passages are called divergent?

16. What air passages are called convergent?

17.  Why all exhaust nozzles are convergent?

18. Is there any connection between velocity and pressure of air in a passage?
19. How do we call devices which convert velocity into pressure?

20.  In what units do we measure lift and thrust?

CoNoarLDdE

1.2. Suggested Topics for Presentations and Reports

1. General principles of lift development

2. General principles of thrust development

3. Flow of air through divergent and convergent passages
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4, Practical applications of Newton’s third law of motion

5. Classical and modern Gas Dynamics

6.  Aviation periodicals — “Flight”, “Flying”, “Aerospace America”, “Interavia”,
Interavia Air LetterS” (whom and what are they for?)

7. Home appliances and devices which | have repaired.

13

1.3. Aviation Talk

Instructor: Peter, what in your opinion, comes first, lift or thrust?

Peter: First the airplane is on the ground, supported by its landing gear.

Instructor: And what is next?

Peter: Next the pilot switches the engines on, and they start developing thrust.

Helen: And where are the passengers?

Instructor: They have already boarded the plane and are waiting for the airplane to
take off.

Peter: And what does the pilot do next?

Instructor: Next the pilot asks the flight dispatcher for permission to take off.

Helen: What is this permission for?

Instructor: The runway must be free, and the dispatcher knows for sure if it is free or
not.

Peter: Is the plane already moving or not?

Instructor: Not yet. But having obtained the permission, the pilot applies the
throttles and the plane starts moving.

Helen: And the air hostess tells the passengers to fasten their belts.

Instructor: She had to do this much earlier, when the airplane was stationary.

Peter: And off we go?

Instructor: Yes. Having developed sufficient speed, the airplane leaves the ground
and the pilot tells the flight dispatcher: “Route zero zero ten, airborne!”

Helen: So we understand that thrust comes first.

Instructor: Quite so. And this has a much wider meaning. Young people must also
develop sufficient thrust to go into their life orbits.
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Topic 2
Main Parts of the Airplane

All airplanes consist of two main parts — airframe and powerplant. The
airframe consists of cockpit, fuselage, wings, landing gear and tail unit. The
powerplant consists of one of several jet engines.

The cockpit houses the pilots, instrument panel and forward-looking, or
weather, radar. The main structural body of all airplanes is the fuselage, which houses
passengers and cargo. The cockpit is in that portion of the fuselage which is occupied
by the pilot (or the pilot and copilot). From this cockpit radiate all controls used if
flying and landing the airplane. To the fuselage are attached wings, engine mounts,
tail unit and landing gear.

Wings are structural parts supporting the airplane in the air by developing lift.
Wings and tail surfaces are airfoils. According Bernoulli’s principle airfoils are
designed to increase the velocity of the airflow above its surface, thereby decreasing
pressure above the airfoil. Simultaneously, the import of the air on the lower surface
of the airfoil increases the pressure (i.e. lift) below this surface. The part of the drag
induced by the lift is called induced drag.

The wing is a system of fixed surfaces, the chief structural means of obtaining
lift to support the airplane in the air. Lift and supporting force drive from the useful
dynamic reaction of airflow moving through the wing. The forward part of an aircraft
is rounded and called leading edge. Tapered aft part of the wing is called trailing
edge. The wing chord or chord line is a reference line, an imaging straight line
joining the extremetees of the leading and trailing edges.

Lift can be calculated as the difference of pressures below the wing and
above the wing. The angle between the chord of a wing and the direction of the flow
of air- is. called the angle of attack. The wing chord, or chord line, is the reference
line from the tip of the leading edge to the tip of the trailing edge of the wing. Small,
nearly vertical aerodynamic surfaces mounted at the tips of airplane wings are called
winglets. Winglets produce large side forces even at low angles of attack, which,
combined with the perpendicular local flow, provide a forward thrust component.
This reduces the airplane induced drag, i.e. that part of the drag, induced by the lift.
Induced drag is the resistance which would be encountered if the air had no viscosity.

Landing gear are those components of the airplane that support and provide
mobility on land, or any surface. The landing gear consist of wheels, struts, bracing,
shock absorbers and other associated devices. Landing gear notion also includes all
supporting components, such as tail wheel, nose wheel and others.

Tail unit is the combination of stabilizing and controlling surfaces, situated at
the rear of the airplane. The vertical stabilizing surface is called the fin, the horizontal
stabilizing surface is called the horizontal stabilizer.

Comprehensive Text-Related Glossary

airframe ['eafreim] — mnanep camorera
power plant ['paus , pla:nt] — cuioBas ycranoBka
cockpit ['kokpit] - kabuna éTurKoB
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landing gear ['lendiy gio] — maccu camonéra

tail unit [terl 'ju:nit] — xBocTOBOE OIIEpEeHHE

instrument panel [panal]- npubopnas mocka

forward-looking radar ['fo:wad, lukin 'reids] - paguosokarop mepemnero o63opa
weather ['wed9] - moroaHbId, 17151 ONPEACTICHISI METEOYCIOBHIA IO MApIIPYTy
structural body ['straktforsal] - Hecymas konCTpYKIIHS

cargo [ka:gou] - rpy3

engine mounts - MoTopaMu JBUTATEIS

difference - pasHocTh (IaBICHMI)

chord of a wing [ko:d] — xopma kpbuia

tip of the leading edge - xpaiiHsis 4acTh (3aKOHIIOBKA) MEPETHEH KPOMKH KpbLIa
tip of the trailing edge - kpaiinss 9acTh (3aKOHITOBKA) 3aHEH KPOMKH Kpblia
reference plane ['refrons] - omopHas mI0cKoCThH

winglets - koHIIeBbIC "KPBUIBIIIKA"

induced drag [ dreg] - mpucoemuHEHHOE J000BOE COMPOTHUBICHHE CaMOJETA,
BBI3bIBAEMOE PA3BUBAEMON MOJABEMHOUN CUIION

resistance [r1'zistons] - conporuBiieHue

to encounter [in'kaunts] - BcTpeuats

viscosity [vis'kositi] - Bs3kocTh (BO3Iyxa)

to provide [pro'vaid] - obecrieunBaTh

wheels [wi:l z] - konéca maccu

struts [strats] - croiiku maccu

bracings ['breisiy] - pacuanku maccu

shock absorbers [ab'sorbsz] - amopTu3zaTopsl, aMmopTH3aIOHHBIE CTOWKH

tail wheel [wi:l] - xBocToBOE KOJIECO

nose wheel - HocoBoe Kkoseco

fin - BepTUKaIBHBIN CTAOUIM3ATOD

2.1 .Questions for Argument and Discussion

What main parts do all airplanes consist of?

What are the main components of the airframe?

How do we call the compartment, which houses the pilots?
Where is the forward - looking radar located?

What components does the cockpit house?

What components are attached to the fuselage?

How do we define wings? Why wings develop lift?

Why air pressures below the wing and above the wing are different?
What is the angle of attack?

10. How does the angle of attack influence lift?

11. How do we define the wing chord?

12.  Where is the leading edge of the wing located?

13.  Where is the trailng edge of the wing located?

14.  What are winglets?

15. What are winglets for?

Co~Noakr~rwWME
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16.  Why do winglets deminish drag and provide a forward thrust component?
17.  What is drag?

18. How is the forward thrust component developed by winglets?

19.  What is landing gear for? What parts does it consist of?

20.  What is tail unit?

21.  What controls are located on the tail unit?

22.  How do we call the vertical stabilizing surface?

23.  How do we call the horizontal stabilizing surface?

2.2.Suqggested Topics for Presentations and Reports

Design and interior of a modern cockpit

Instrument panels and big picture displays in a modem cockpit
Fuselage compartments of wide-body airplanes

Cargo loading and unloading devices of modem transports
Criterial complexes applicable for wing quality evaluation
Tail unit control surfaces

Modem undercarriage design and controls

Vertically moving undercarriage designs.

2.3. Aviation Talk

ONoGkrwWNE

Instructor: Helen, can you name two main parts of all aircraft?

Helen: These are airframe and powerplant.

Instructor: Can you imagine an airframe without its powerplant?

Helen: | think they can not exist separately, one without the other.

Peter But | can imagine such an airframe very well!

Helen: But it won’t fly!

Peter: | have actually seen such a flying airframe and it is called glider! Gliders have
no powerplants, but they fly!

Instructor: You are quite right, but gliders are very special flying machines, needing
upcoming flow of air for flight.

Peter: The terms "airframe" and "glider" mean very different things, but,
unfortunately, in Russian are not differenciated.

Instructor: Now, Helen, are wings absolutely necessary? Can we fly without them?
Helen: The wings are used for developing lift. What else can support an airplane in
the air?

Peter: I've heard about airplanes with vectored thrust of their engines. The pilot can
make the engines blow downwards and the airplane moves vertically, or hovers in the
air.

Instructor: Such airplanes are called vertical take-off and landing (VTOL) airplanes,
but they still use wings for level flight. It is much more economical.

Helen: | think that personal VTOL airplanes can be sited on roofs or on very small
strips of land, can't they?

Instructor: They can. But the lift which is developed by thrust alone is very
expensive. Very few people can afford VTOL airplanes oh their roofs.
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Topic 3
Flight Controls

Airplane, or flight, controls are those aerodynamic or mechanical devices
which are used by the pilot to control direction, altitude, and speed of an airplane.
The mostly frequently used flight control is the rudder, which is a hinged vertical
control, used to induce or overcome yawing movements of the airplane about its
vertical axis. In this way, the rudder turns the airplane to the left or to the right.

But to do its job efficiently the rudder must be assisted by another flight
control, called ailerons. The ailerons are pairs of control surfaces, normally hinged
along the wing span and designed to control the airplane in roll by their differential
movement. In so doing the ailerons make the airplanes bank to the left or to the right.
So, before executing any turn, the pilot first banks the airplane and only then uses
pedals to rotate the rudder in the needed direction.

To change altitude of flight the pilot uses elevator, which is the control for
making the airplane climb or dive. The elevator is a hinged horizontal control surface
used to make the airplane change its altitude by raising or lowering the tail. The
elevator is usually electrically connected to the pilot’s control wheel or side stick.

All flight controls are big and heavy aerodynamic surfaces, requiring
considerable efforts for their operation. Tabs, or trimmers, are small auxiliary airfoils,
attached to the trailing edge of a movable control surface to decrease the rotational
effort and also to trim the airplane for varying conditions of power, load and air
speed. Properly trimmed, flight controls feature very low, or near-zero, rotational
efforts.

Actuators, actuating systems, or actuating motors are those electric, electro-
hydraulic, or hydraulic devices which actually rotate flight controls of an airplane.
Actuators get their commands from autopilots, flight controllers, or from on-board
computers.

Comprehensive Text-Related Glossary

flight controls [' flait kon'troulz] - opramel ympaeneHusl MONETOM, BKIIFOYAs
a’pOJIMHAMHUYECKHE PYJIH CaMOJIETa U CEKTOPHI rasa

control surfaces ['sa:fisz] - aspoaguHamudeckue pyau camoséra

altitude ['eltitju:d] - Beicora nmonéra

frequently ['fri:kwantli] - vacro (ucnosnb3yemsiii)

rudder ['rads] - pyns HanpaBieHus

hinged vertical control [hind3] - BepTuKkanbHbIH OpraH ynpaBicHHUs Ha MIAPHUPHON
MIOJIBECKE

to induce [1n'dju:s] - BbI3BIBATH, HHUITUMPOBATH

to overcome [,auva'kam] - mpeomosieBath, MPEMSITCTBOBATD

yawing movements [' jo:ig] - peickaHbe camoi€Ta, HE3HAYUTEIIbHBIC OTKIOHCHUS
BJIEBO UJIM BIIPABO OT Kypca, UMEIOLIME CIIyYalHbIN XapaKTep

ailerons [‘erloron] - siepoHbl, MOABMKHBIC A3POJIUHAMUYECCKHE MMOBEPXHOCTH IS
CO3JIaHMsI TPABOTO WJIM JICBOTO KpeHa camolieTa. BHemIHe 21epoHbl paboTaroT MpH
MAJIbIX CKOPOCTSIX, BHYTPEHHUE - TIPHU BHICOKUX CKOPOCTSIX
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in roll ['roul] - mo kpeny

to bank [bank] - BeIMONHATE KpeH (JICBBIH WK IIPaBbIi)

to execute ['eksikju:t] - BbIIOIHATE (MaHEBP, KOMaH/Y)

turn [to:n] -moBopoT (HAIEBO WM HAIIPABO)

elevator ['eliverta] - pyib BbICOTBI

control wheel [wi:l] - mTypBan (ynpaBiaenus: camoaéTom)

side stick ['said'stik] - 6okoBas pyuka ynpaBiacHHs (CaMOJIETOM)

tabs [taebz] - Tpummeps! (pysiei camonéra)

trimmers [trimo z] - TpuMMepbl, BCIIOMOTATENIbHBIC MMOBEPXHOCTH YIIPABIICHUS,
npeHA3HAYCHHbBIC [UIs OaJaHCUPOBKH CaMOJETa M CHATHS HArpy3Kd C pblyara
yIpaBlICHUS

auxiliary [o0:g'ziljari] - BcmomorarenbHBII

actuator ['aktjuerto] - pyneBas MamuHka, IPUBOIAINAS B IBHKCHHUE PYJIM CaMOJIETa
flight controller [flart kon'troula] - koMaHHO-TTMITOTAXKHBI TIPUOOP, BHITOTHSFOIIIHIA
IIOJIET 110 3aJaHHOMY MapupyTy

3.1. Questions for Argument and Discussion

1 What are flight controls used for?

2 What flight parameters can be controlled by the pilot?
3. What does the rudder do in flight?

4, Why does the pilot use the rudder so often?

5

6

7

8

Can the rudder do its job alone? For what reasons?
What factors does efficiency of the rudder operation depend on?
What are ailerons? What are their functions in flight?
. Why ailerons are called differential controls
9.  What kind of movement is rolling?
10. When does the pilot use pedals?
11.  What does the pilot use elevator for?
12. How does altitude change during climbing?
13.  How does altitude change during diving?
14.  What do tabs do in flight?
15. What do tabs actually compensate?
16. What is the aim of trimming flight controls?
17.  What is the job of actuators? Where do they get their commands from?
18. How does the pilot control roll of the airplane?
19.  How does the pilot control yaw of the airplane?
20.  What deflection of the elevator (up or down) induces diving movement? Why?
21.  What deflection of the elevator (up or down) induces climbing movement?
Why?
3.2. Suggested Topics for Presentations and Reports
Roll, pitch and yaw control systems of modern aircraft
Criteria for estimating efficiency of airplane controls
Fly-by-wire airplane controls
Criteria of stability of digital control systems
The problem of reliability vs. redundancy in on-board control systems

bW E
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Length of fuselage and efficiency of tail unit controls
Autopilot, flight-director, on-board computer. What is next?
Vectored thrust control systems

: Hydraulic, electro-hydraulic and hydraulic actuators

10.  Choice of sampling frequency in digital control systems.

©ooNP

3.3. Aviation Talk

Instructor: Today we are going to discuss some fundamental notions and ideas,
pertaining to airplane controls and to control theory in general...

Helen: I don’t understand why should we delve into such complex matters as control
theory. We already understand that to turn the airplane to the right the pilot pushes
the right pedal and the plane turns. Why should we complicate things?

Peter: Things become complex and messy when there are too many inbetweens. |
understand that between the leg of the pilot and the rudder there are such go-
betweens as autopilot, flight director, on-board computer and the rudder actuator.
Helen: Are these devices really necessary?

Instructor Pilots are only humans and sometimes commit piloting mistakes. The
commands they issue are not always the best solutions of the given piloting problem.
In flight pilots may get tired and inattentive. All these problems are successfully
solved by back-up piloting devices.

Peter What is primary flight control system?

Instructor: The primary flight control system, or PFCS, controls the airplane flight
attitude in relation to the three basic axes:

- Longitudinal

- Lateral

- Vertical.

Helen: Presently we often speak about system s and systemic approach. What is
meant, for instance, by the roll control system?

Instructor: The roll control system in modem airplanes, such as Boeing 777, uses the
ailerons, flaperons, and spoilers to control the airplane attitude about the longitudinal
axis. During a bank of the airplane, the aileron and flaperon on one wing move in an
opposite direction from the aileron and fleperon on the other wing.

Peter You have just introduced a new term "flaperon”. What does it actually mean?
Instructor: Flaperons are differential flaps used on Boeing 777 and some other new
wide-body airplanes. When one flaperon is up, another flaperon is down.

Helen: Do spoilers assist in any way the operations of flaperons? Instructor: They do.
The spoilers move up only on the down wing and do not move on the up wing.

Peter. In modem technical manuals we also come across another system, called the
pitch control system. Is it in any way particular?

Instructor It usually refers to all devices involved in controlling movements of the
airplane about its lateral axis. The airplane may climb, dive, or may maintain straight
and level flight.

Helen: I understand that the words "straight and level” have some special meaning
for all pilots. What is it?

Instructor They simply mean that everything is in perfect order, no deviations are
taking place.
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Topic 4
High Lift Devices (HLD)

HLD are special mechanical appliances used by the pilot for developing
additional lift at very low air speeds during take-off stage of the flight.

Flaps are big aerodynamic surfaces, located at wing and extended by the pilot
for developing additional lift during taking off and for braking during landing stages'
of the flight. Differentially operating flaps are called flaperons. When one flaperon is
up, another flaperon is down.

Slats are slotted aerodynamic surfaces located at the leading edge of the wing
and used by the pilot for developing additional lift at very low air speeds during take-
off. As opposed to flaps, slats are never used for braking the airplane during landing.

Spoilers are aerodynamic devices which break up or spoil laminar flow of the
air about the wing, giving an increased drag and a decreased lift. They deploy on both
wings and act as speedbrakes in the air and on the ground. Modern airplanes have up
to seven spoilers on each wing.

The high lift control system (HLCS) receives commands from the flight crew
and increases the wing lift so the airplane can take off and land at lower speed and
higher weight. Typically, the high lift devices operated by the HLCS are:

- Seven leading edge slats on each wing

- One Krueger (leading edge, inboard) flap on each wing

- One single slotted outboard flap on each wing -One double slotted
inboard flap on each wing.

Operation of the HLCS also causes the ailerons and the flaperons to move.
They droop on both wings when the high lift devices extend.

Comprehensive Text-Related Glossary

high lift devices [dr'vaisiz] - cpeacTBa MexaHU3aIMK KPbLIa, MEXaHH3AIIHS
appliances [o'plaronsz] - ycrpoiicTBa, mpucnocoOeHUs

additional [2'difonl] - monmomHUTEIBEHBIH

take-off stage [,teik ' of ' sterdz] — B3nérHbIi 3Tan nonera

flaps [fleeps] — 3akpbuikn

slats [' sleet s] - mpenkppuIKH

spoilers ['spoiloz] - uHTeprenTOpHl WM cHoiIepsl (IMJIACTHHBI Ha TOBEPXHOCTH
KpblJa, OTKJIOHSEMBIC U1 CO3JaHHMsS CpbIBa IOTOKA BO3AyXa M YMCHBIICHHS
MOIEEMHOM CHJIBI)

trailing edge of the wing [' trerlig] - 3aguss kpomka Kpbita

to extend [1ks'tend] - Beiyckathb

braking [' breikig] - Topmosxenue

landing stage [lendip] - otan npu3emileHHs; [MOCAIOYHBIA 3Tam  MOJETa
differentially operated flaps [difronfoli] - mutkn ¢ auddepeHIMATBHBIM
yrpasiieHrneM (KOraa OJ|H IIMUTOK OMyCKaeTCs, IPyroi MoAHUMAETCs)



19

flaperon [,flepa'ron] - nuddepennnanpro-ynpaBisieMprii IUTOK

slotted aerodynamic surface ['so:fiS] - cHabGxEHHas IIEIAMU adpoJUHAMHUYECKAS
IUIOCKOCTD

leading edge of the wing ['li:din] - mepexnsist kpoMka Kpbiia

to break up [breik ' Ap] - Hapymiats, cpeiBaTh

laminar flow ['leemins] - namuHapHOe min 6ecTypOyIeHTHOE 00TEeKaHNEe Kpblia
increased drag [in'krizse ' dreeg] - Bo3pociee m060Boe comporusiacHue decreased
lift [dr'kri:st 'Iift] - ymenbIeHHAs MOABEMHAS CHITa

to deploy [dr'plo1] - BeLgBUTATH

speedbrakes [' spi:d, breiks] - paGoraroiue B 3aBUCUMOCTH OT CKOPOCTH TOPMO3a
(4eM BBIIIIE CKOPOCTh, TEM CHIIbHEE TOPMOKEHHE)

High Lift Control System - cuctema yrpaBieHHs CpeJCTBaMH MEXaHHU3AIMK Kpblia
(na camonére bounr 777)

high weight [weit] - Gostee BeIcOKHMIA B3IETHBIN Bec

Krueger flap - mmrox Kprorepa. Ha camonére bouwnr 777 mutku Kprorepa
pacrioyiaratloTcs Ha BHYTPEHHEH MepeHel KPOMKE Kpblia

single-slotted outboard flap [aut'bo:d] - omHomIENEBOW 3aKpBHUIOK HAa BHEUIHEH
3aJ{HEeH KPOMKE KpbLia

double-slotted inboard flap [in'bord] - aByximeneBoi 3akpbUIOK Ha BHYTpEHHEH
3aIHEN KPOMKE KpbUIa

to droop ['dru:p] — Bemmyckatbcst

4.1. Questions for Argument and Discussion
1 What are high lift devices?

2 At what stage of the flight are they used?
3 What are flaps?

4.  What for are flaps used during take-off?

5. What for are flaps used during landing?
6

7

8

9

How do we call differentially operating flaps?
What are slats?
Where are slats located?
. Which high lift devices are used for braking?
10. In what cases lift becomes unnecessary?
11.  What does the pilot do to decrease lift?
12. What is the difference between laminar and turbulent flows of air?
13.  What does the pilot do to increase drag? When is it necessary?
14.  What number of spoilers is typical for modern wide-body airplanes?
15.  How many leading edge slats are normally located along the wing span?
16.  What specific types of flaps do you know?
17.  What is the HLCS for? Where does it get its commands from?
18.  What means can be used by the pilot to make the taking-off run as short as
possible?
19.  Why short taking-off run is preferable?
20.  What is the difference between a single-slotted flap and a double-slotted flap?
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2. Suggested Topics for Presentations and Reports

Primary flight control system and high lift control system
Cost analysis of high lift vs augmented thrust

Other solutions of the shorter taking-off run problem

Short, very short and vertical taking-off and landing airplanes
HLCS, autopilot and flight director interaction

Criteria for estimating efficiency of high lift devices

High lift devices of Tu-334 and Boeing 777.

NoobkownE= |k

4.3. Aviation Talk

Instructor: Glad to see you all! Today we are going to discuss high lift devices -
special aerodynamic appliances, which make wings behave the way we want.
Helen: Do wings misbehave? ’
Instructor: It’s common knowledge that wings are devices for developing lift. They
behave properly and develop their nominal lift, but only at their cruising air speed,
for which they were designed.
Helen: And what's bad about this?
Instructor: The airplane is big and heavy, and it takes hundreds of meters of runway
to accelerate it to its taking-off speed.
Peter: We understand here that the pilot wants to make his taking-off run as short as
possible.
Helen: And for this he needs a lot of lift, and quickly!
Instructor: And here our high lift devices come in. They just develop a lot of
additional lift at low air speeds!
Peter: The pilot just switches them on, and off he goes!
Instructor: A lot of additional lift means a lot of additional thrust because overall
drag of the airplane increases.
Helen: Which of the high lift devices makes the highest contribution to additional
lift?
Instructor: It’s flaps and flaperons on Boeing 777. They are really big and heavy and
it takes up to 4 minutes to move the flaps from the retracted position to the 30-unit
position (fully extended).
Peter: Are flaps and slats controlled collectively?
Instructor: Not quite. During extension, the flaps and slats extend at the same time,
During retraction, the flaps retract before the slats. When the flaps are fully retracted,
the slats retract.
Helen: How does the pilot know the positions of flaps and slats at the moment?
Instructor: On Boeing 777 and on other wide-body transports there are three
different displays for flaps and slats.

The primary mode display is black when the flaps and slats are fully retracted.
When the flaps or slats extend, a white tape fills the display from the top down.
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The secondary mode display has separate indications for
The left wing flaps
The right wing flaps
The left wing slats
The right wing slats
The alternate mode display is even more informative and has tick marks and
reference detent numbers to identify the flap and slat positions separately.
Helen: What's the use of these three modes?

Instructor: The pilot must not be distracted or overloaded with data he does not
need.

Peter: We already know, that spoilers help the pilot in getting rid of the lift when it is
no longer needed. What do spoilers do in flight?

Instructor: In flight, the spoilers help the ailerons and flaperons control airplane roll
about the longitudinal axis. They also supply speedbrake control to reduce lift and
increase drag for descent and landing.

Helen: How many separate spoilers are there on each wing?

Instructor: Typically there are seven spoilers on each wing, but the numbers may
vary. The five outboard spoilers are forward of the outboard flap. The two inboard
spoilers are forward of the inboard flap. Each spoiler has its assigned number.

Peter: How are spoilers commanded?

Instructor: In roll control, the pilots manually command the spoilers, and, if
engaged, the autopilot automatically commands them.
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Topic 5

The Jet Engine Fundamentals

Thrust or force required to propel the airplane through the air is provided by the
propulsion system to overcome the resistance resulting from the compression of the
air through which the airplane fly.

Thrust or propulsion force is provided by the engine.

All engines have in common the ability to convert heat energy into mechanical
energy by the flow of the air through the engine. The heat energy is released at a
point in the cycle where the pressure is higher relative to atmospheric.

The jet engine and the power plant are means of creating thrust, necessary for the
movement of an airplane through the air and on the ground.

The power plant is bolted to an engine mount i.e. a frame, which supports engine
and connects it with the wing. Immediately behind the engine mount is the fire wall
to protect the airplane from any heat liquids, gases or flame from the engine.

The jet engine is a device for developing thrust. All jet-engines operate on the
principle of developing thrust by throwing back large masses of hot air. The amount
of thrust can be calculated as the product of the mass of air, flowing through the
engine, by its acceleration. To understand the principle of internal reaction we must
remember Newton’s third law of motion: "For every force acting upon a body, there
Is an equal and opposite reaction". The jet engine is throwing back large masses of
hot exhaust air, the opposite reaction to which is thrust.

All modern aviation jet engines consist of the following main parts:

Air intake unit and the fan
Low pressure stages of the axial compressor
Intermediate pressure stages of the axial compressor
High pressure stages of the axial compressor
The combustion chamber
High pressure stages of the gas turbine
Intermediate pressure stages of the gas turbine
Low pressure stages of the gas turbine

Exhaust nozzle, afterburner or thrust augmenter, and thrust reverser.
Low pressure stages of the gas turbine rotate the fan and low pressure stages of the
axial compressor, forming one mechanical unit, called low pressure spool.
Intermediate pressure stages of the gas turbine rotate intermediate pressure stages of
the axial compressor, forming another mechanical unit, called intermediate pressure
spool High pressure stages of the gas turbine rotate high pressure stages of the axial
compressor, forming the third mechanical unit, called high pressure spool.

All three spools rotate at their optimal speeds. Modern triple-spool jet engines
feature very large diameter fan, minimum number of stages and very low level of
noise.

oCcoNOOR~ODE
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Comprehensive Text-Rated Glossary

jet engine ['dzet 'end3in] - peakTHBHBII TBHTATEIb

fundamentals [,fando'mentlz] - ocHoBHEIC CBeieHN S

throwing back [' Oroumn ' bak] - otOpacsiBanme Ha3az

amount [o'maunt] - BenmuuHa (Hamp. TATH)

to calculate ['kelkjulert] - paccunThIBaTh, BEIUHUCIATH

product ['prodakt] - npousBenenue (kak pe3yabTaT YMHOKEHUS)

acceleration [ok sela'reifon] - yckopenue

internal reaction [in'ta:nl] - BHyTpeHHSs peakins Macc Bo3ayxa (Ha
otOpackiBaHME Ha3a] OOIBIINX MACC BO3TyXa)

equal and opposite ['i:kwal] - paBHas 1 TPOTHBOIIOJIOKHO HANPaABICHHAS (PEAKITHS)
exhaust air [1g'zo:st] - BEIXJIOIMHBIE Ta3bl

thrust [Orast] - Tara (peakTUBHOTO JBUTATEIIN)

air intake unit [,ea ' inteik ' ju:nit] - Bo3myx03a00pHUK (PEaKTHUBHOTO JBUTATEIIS )
fan [fen] -BenTHIIATOP

low pressure stages [lou , 'prefo ' steidziz] - cTymeHH HH3KOTO JaBJICHUS
(koMmripeccopa)

axial compressor ['aksrial , kom'presa] - oceBoit kommpeccop

intermediate [,into'mi:djot] - mpomexyTouHbBIi

combustion chamber [,kam'bastfon 'tfaimba] - kamepa cropanust

gas turbine [gas 'ta:bin] - rasoBas TypOuHa

exhaust nozzle [,1g'zo:st 'nozl) - BeIxsT0MHOE COILTO

afterburner [, a:fta'ba:na] - ycrpoiictBo moxwura Tormuse

thrust augmenter [."'n.'o:gmonta] - popcaxuas kamepa

thrust reverser [, ri'va:sa] - ycTpoicTBO peBepca TATH (C HETbI0 TOPMOKEHHS)
low pressure spool [spu:l] - potop HuU3KOTO AaBICHUS

mechanical unit [mr'kanikal 'ju:nit] - Mmexanuueckuit arperar

triple-spool jet engine ['tripl] - TpexBanbHBIi peaKTUBHBIN IBUTATEITH

to feature ['fi:tfo] - xapakTepr30BaThCS; UMETH OCOOCHHOCTH

low level of noise [' no1z] - HU3KHIT ypPOBEHD IITYMOB

5.1 .Questions for Argument and Discussion

1. On what principle do all jet engines operate?
2. How can we calculate the amount of thrust?
3. What does the third law of motion say?

4, What is thrust? In what units is it measured?

5. To obtain more thrust from your jet engine, which component of the thrust
formula would you increase?

6.  What parts does the modern jet engine consist of?

7. What does the axial compressor do?

8. How many stages does the axial compressor consist of?

9. Where is air-fuel mixture burnt?

10. What does the gas turbine do?
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11. How do we call the stages, which the gas turbine consists of?

12. What do these stages of the gas turbine do?

13.  What parts does a spool consist of?

14.  How many spools does a modern jet engine consist of? What are their names?
15.  What are the main features of a triple-spool jet engine?

5.2. Suqgested Topics for Presentations and Reports

1. General principles of thrust development at low subsonic, high subsonic, and
supersonic air speeds

Divergent and convergent passages in jet engine designs

Axial and centrifugal compressors

Cannular and annular combustion chambers

Basic principles of gas turbine design

Creep, corrosion, fatigue and thermal shock in gas turbine blades

Methods of gas turbine blades cooling

Multi-spool jet engines.

NGk WD

5.3. Aviation Talk

Instructor: Today we are going to discuss aviation jet engines, which are actually
turbo-jet engines, having a compressor at the front to force the air in.

Peter: What drives the compressor?

Instructor: There's plenty of energy at the back, where the hot gases leave the
combustion chamber. If you put a turbine there and connect it to the compressor by a
shaft, that would solve the problem, wouldn’t it?

Helen: What's about the other types of jet engines?

Instructor They’re all variations on the turbo-jet principle. There’s the turbo-prop,
for example, where the turbines rotate both the compressor and an ordinary propeller.
Helen: What are the advantages of this type of engine?

Instructor: At very low flying speeds propellers are more efficient form of
propulsion that jet engines. Pure jet engines are very efficient at high subsonic
speeds, but at medium and low subsonic speeds their efficiency sharply decreases.
Peter: And this was the reason for development of by-pass engines.

Instructor Right you are, this was the reason. But the development of by-pass
engines was only the first step.

Helen: Are by-pass engines still used?

Instructor They are, but in a modified form. In a by-pass engine only some of the air
goes straight through; the remainder is passed through ducts, round the combustion
chamber and turbine, but later rejoins the main stream at the rear.

Peter: And what was the second step?

Instructor: The second step was development of fan engines. The first set of rotor
blades of the axial compressor was enlarged to form a sort of multi-blade propeller,
known as the fan.
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Helen: Modern jet engines look so big and impressive. Is it because of their large
diameter fans?

Instructor The diameter of modern high by-pass ratio jet engines is up to three
meters, and they are pilon-mounted.

Helen: Does the term "high by-pass ratio" imply large diameter fan?

Instructor It does. High by-pass ratio means the ratio of outer, or cold flow of air to
inner, or hot flow of air, passing through the gas generating part of the engine.
Typical values of practically used by-pass ratios are 1.7-3.1

Peter Some modern jet engines are described as ducted fans. What does it mean?
Instructor It usually means that these engines have large diameter fan within an
annular shroud.
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Topic 6
Axial Compressor

Axial compressor is a mechanical device for causing a pressure rise in the air,
delivered to the combustion chamber. There is a constant relationship between the
volume, the temperature, and the pressure of the air as it passes through the axial
compressor. The temperature of the air at any point of the duct is the product of the
pressure and the volume of that air.

When the volume of the air is being reduced in an axial compressor, there is a
rise in both pressure and temperature The more efficient is the design of the
compressor, the higher will be the rise in pressure. The efficiency of an axial-flow
compressor depends primarily upon the design of its rotor and stator blades.

Rotor blades have airfoil cross-sections and are made of aluminum alloy, steel
or titanium. They can operate with maximum efficiency only within a limited range
of operating conditions. Outside this range the smooth flow of air in the compressor
Is usually upset by unwanted turbulence. When one stage of the compressor is upset
by turbulence, it is said that the compressor stalls. The stalling compressor usually
develops severe vibrations or coughing. Sometimes it may even produce shot-like
sounds. When all stages of the compressor are upset by turbulence, it is said that the
compressor surges. The surging compressor produces powerful bangs, the
temperature of the exhaust gases rapidly rises and the engine may be partially or
wholly damaged. Stator blades may be attached directly to the casing of the
compressor, with connecting shrouding at the tips to give them greater stability.

Comprehensive Text - Related Glossary

axial compressor ['aksial] - oceBoii kommpeccop

to cause [ko:z] - co3naBath

pressure rise ['prefs raiz] - moBsIcHUE AaBICHHS

to deliver [dr'liva] - monaBath

constant relationship [rr'lerfanfip] - mocTosiHHOE COOTHOIIEHHUE

volume ['vaoljum] - o6Bem (Bo3myxa)

duct [dakt] - kanam; KOHTYP

to reduce [ri'dju:s] - cokpainath, yMEeHbIIAT

axial flow compressor [flou] - kommpeccop ¢ TeueHneM BO3AyXa BIOJIb OCH, OCEBOM
KoMIIpeccop (B OTIMYME OT HEHTPOOEKHOI0 KOMIIPECcopa ¢ MOMEPEYHBIM TEUEHUEM
BO3/1yXa)

efficient [1'fifont] - apdexTrrHbIi, ¢ BoicokuM KITJ]

rise in pressure ['raiz] - moabem naBiacHUS

primarily ['praimarili] - B ocHOBHOM, B IIEPBYIO OUYepe/Ib

design [di'zain] - koHCTpYKITHS

blades ['bleidz] - momatku (poTopa u craropa 0CEBOro KOMIIpeccopa)

airfoil cross-section ['eafoi1l] - mpodumupoBanHOoe moNMEpeyHoe ceveHue (THUMA
MONEPEYHOT0 CEYEHHUS KPhLJia)

alloy [9'loi ] - crunas
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titanium [tai’teinjom]-Turan (MeTa)

range [reindz] - auamazon

operating conditions [kon'difanz] - ycinoBus skcruryaranun

smooth flow of air [smu:d] - HeBo3MyIIEHHOE TeUSHHE BO3AyXa

to upset - HapymaTe, CpeIBaTh JaMUHAPBINA TOTOK

unwanted turbulence ['to:bjulons] - nexenarenbHas TypOyICHTHOCTD

to stall [sto:l] - paboTath B peskrMe CpbIBa IIOTOKA B OJHOM CTYIIEHH KOMIIpEccopa
severe vibrations [S1'Vio] - cuibHBIC BUOpaIIun

coughing [kofig] - u3naBaemble moxoKKe Ha Kallleab 3BYKH

to produce shot-like sounds [[u:t laik] - u3gaBaTh 3ByKH, IOX0XKHE HA BHICTPEIBI

to surge [so:d3] - paGoTarh B pekuMe IMOMIaXa, MPU KOTOPOM CPBIB ITOTOKA
HPOMCXOJIUT BO BCEX CTYIEHSIX KOMITpeccopa

powerful bangs [banz] - mommusie B3pbIBONOMO0OHBIC 3BYKH rapidly [‘raepidli] -
OBICTPO

partially or wholly ['pa:fali] - yacTu4HO MK TOJHOCTHIO

to damage [’deemidz] — noBpexaaTh

to attach [o’teet[] - ycranaBnMBaTh, 3aKpEILIATH

casing [keisin] - kopmyc; KOxKyx

shrouding [fraudm] - OaHgaXKUpoBaHHE 3aKOHIIOBOK JIOMATOK (JJIs1 TOBBIMICHHS
KECTKOCTH)

6.1. Questions for Argument and Discussion

1. What does the axial compressor do in a jet engine?

2. How can we calculate the temperature of the air at any point of the duct of the
compressor?

3 What happens when the volume of the air in the compressor is reduced?

4 What docs the efficiency of the compressor depend on?

5. What material are the blades of the compressor made of?

6.  What happens, when one stage of the compressor is upset by turbulence?

7

8

9

What is the axial compressor stall?
How does the axial compressor stall manifest itself?
. What happens when all stages of the axial compressor are upset by turbulence?
10. What is the axial compressor surge?
11. How does the axial compressor surge manifest itself?
12. What are the results of the compressor surging?
13.  What is the difference between stalling and surging conditions?
14.  Where does the axial compressor take its energy from?
15.  What are stator blades (vanes) for?
16.  Where are stator blades attached to?
17. What measures are taken to ensure greater stability of the stator blades?

6.2. Suggested Topics for Presentations and Reports

1. Gas dynamic processes in a convergent duct
2. Criteria complexes for estimating efficiency of axial compressors
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3. Comparative analysis of axial, centrifugal and hybrid compressors

4, Stall conditions in axial compressors

5 Surge conditions in axjal compressors

6. Optimum rotation speeds of low pressure, intermediate pressure, and high
pressure compressor stages.

6.3. Aviation Talk

Instructor: Historically, there are three types of compressors, used in aviation jet
engines. These are centrifugal compressors, axiaul flow compressors and hybrid
compressors. Each of these types has its own advantages and disadvantages.

Helen: Up to now we have discussed only axial flow compressors. Does it mean that
they are the most efficient type?

Instructor: Yes, it does. Axial flow compressors are the most efficient and the most
complex type of compressors, and they are used in most jet engines. On the other
hand, centrifugal compressors are very simple and robust.

Peter: Does the term "centrifugal” mean that the air in a centrifugal compressor is
moving radially outwards?

Instructor: It does. A vaned disk, called the impeller, is attached to the turbine shaft
near the air intake. As the disk rotates, it spins all contact with it. Centrifugal force
flings the air outwards at high velocity.

Helen: But we need to increase the pressure of the air, not its velocity!

Instructor: I haven’t finished yet! The air is flung off the impeller into divergent
passages formed by diffuser vanes, attached to the outer casing.

Helen: Oh, now | see. When the air enters these passages, it slows down, and the lost
Kinetic energy reappears as pressure energy. Am I right?

Instructor: You are absolutely right. From there, of course, the compressed air is
ducted to the combustion chamber.

Peter: It sounds so simple in theory!

Instructor: In practice this type of compressor is both robust and very easy to
manufacture, but, unfortunately, its efficiency is low. It appears that instead of
driving the air outwards it would be preferable to drive it backward, without any
change of direction of movement.

Peter: It seems to be a more efficient arrangement!

Instructor: It is. The compressors of this type are called axial flow compressors.
Helen: Are these compressors mounted on the turbine shaft too?

Instructor: Yes. The axial compressors force the air straight backward by means of a
series of multi-blade fans, mounted one behind the other.

Peter: As far as | understand, we can choose the number of these multi-blade discs in
accordance with our needs.

Instructor: That's it! Between each set of rotor blades are similar sets of stationary
blades, attached to the outer casing. These stationary blades redirect the air to the
correct angle for the next set of rotor blades. Each set of rotor blades with its set of
stator blades is known as a stage.
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Topic 7
The Combustion Chamber

Combustion chambers are mechanical devices for burning air-fuel mixture.
They may be installed in the engine in a number of different ways. The multiple
combustion chamber layout is used with engines having centrifugal compressors. In
this layout a number of flame tubes are disposed radially round the engine. Annular
and tubo-annular designs of combustion chambers are more often used presently.

The flame tube of annular combustion chambers is in the form of a double ring
which in turn is fitted into an annular casing of two more rings. Tubo-annular
combustion chambers have flame tubes grouped round the engine, as in the multiple
layout, but instead of each having a separate outer casing, they are all disposed in a
common annular casing, shaped like two broad rings, one inside the other.

Tubo-annular chambers are easier to manufacture and overhaul, while annular
chambers, besides possessing these advantages, are also more compact. Annular
chambers are more fuel-efficient and reduce many of the problems of air pollution.
All combustion chambers must be capable to withstand very high temperatures, rapid
changes of temperature and corrosive effects produced by the products of
combustion.

Comprehensive Text-Related Glossary

air-fuel mixture ['mikst(s] - ToruMBHO-BO3AyIIIHAS CMECH

to install [in'sto:] - ycranaBnuBaTh

multiple combustion chamber layout ['maltipl ‘leraut] - kamepa cropanus c
OTACIbHBIMHU KAapOBbBIMHU prﬁaMI/I

centrifugal compressor [,sentri’fjugal] - meHTpOOSKHBIN KOMIIpEccop

flame tube [' fleim 'tju:b] - xapogas Tpy6a

layout [, lei'aut j - mulaHupoBKa, paciooKeHUE

annular combustion chamber ['enjuls] - konbleBas kamepa cropaHus

double ring [' 'dabl rin] - nBoiinoe KOIBIIO

tubo-annular combustion chamber - TpyOuaro-kombiieBast kamepa cropaHus
separate outer casing ['keisin] - oTaenbHBI BHEITHUN KOXKYX

shaped [[eipt] - umeromue hopmy

one inside the other [in'said] - ogun BHYTpH Apyroro

to manufacture [,manju'feekt[s] - ©U3rOTOBIATH, MPOU3BOIUTH

advantage [od'va:ntidz] - npenmMyimecTBo

more fuel-efficient [fjual o fifant] - ¢ Gosee BhICOKOH TOTTUBHON 3 (HEKTHBHOCTHIO
to reduce [ri'dju:s] - cokpainaTth, YaCTUYHO pemiaTh (MIPOOIEMbI)

air pollution [ea, pa'lu:fon] - 3arps3HeHne BO3AYIITHON CPEIbI

capable to withstand [wid'staeend] - B cocTosiHUM BBIIEPIKUBATH, TIPOTHBOCTOSITH
corrosive effects [ka'rousiv] - koppo3uoHHBIE BO3IEHCTBHS

products of combustion ['prodakts] - mpoaykTsr cropanust
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7.1.  Questions for Argument and Discussion

1.  What are combustion chambers for?

2. What part of the jet engine is before the combustion chamber?

3. How many layouts of the combustion chambers are known?

4.  With what type of compressors is the multiple combustion chamber layout
used?

5. What is the flame tubes disposition in the multiple combustion chamber
layout?

6.  What designs of combustion chambers are more often used presently?

7. What is the form of the flame tube of annular combustion chambers?

8.  What is the disposition of flame tubes in tubo-annular combustion chambers?
9. In what do tubo-annular combustion chambers differ from annular combustion
chambers?

10.  Which combustion chambers are easier to manufacture?

11.  Which combustion chambers are more compact?

12. If you are interested in higher fuel efficiency and lesser air pollution, which
type of combustion chambers would you choose?

13.  What are operating conditions of combustion chambers?

14.  What requirements must all combustion chambers comply with?

7.2. Suggested Tonics for Presentations and Reports

1. Criterial complexes used for combustion chambers evaluation

2. EEE (Energy - Efficient Engine) and other research and development programs
in the field of combustion chambers

Two-zone combustion in modern combustion chambers

Combustion chamber in a fuel-effiicient jet engine

Thrust augmentation combustors

Plenum combustion chambers of VTOL airplanes

Combustion chambers of vectored-thrust jet engines.

No ko

7.3. Aviation Talk

Instructor: This time we are going to discuss the central part of the jet engine - its
combustion chamber. This is the place where fuel is mixed with the air from the
compressor and ignited.

Peter: It must be quite complex!

Instructor: On the contrary, you'll be surprised by its simplicity! Just imagine two
tubes, one inside the other. The inside one, called the flame tube, is fitted at the front
with a perforated flare, located behind an entry snout. In the center of the flare there
are a number of swirl vanes.

Helen: Up to now, it's quite simple.

Instructor: The air comes from the compressor at high velocity of one or two
hundred meters per second...
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Peter: It can surely blow out the flame.

Instructor: Very definitely it can. Besides, there is more available air than is needed
for combustion. And this is the reason why there are two tubes: only the quantity of
air needed for combustion goes into the inner tube, the rest passes outside it.

Helen: The flare clearly helps to decrease the velocity of the air entering the flame
tube...

Peter: And also to raise its temperature and pressure.

Instructor: You're both right!

Peter: | don't see why the compressor should be made to deliver so much air when
only part of it is needed for combustion.

Instructor: The temperature of the gases leaving the combustion zone may be as
high as 2000 degrees Centigrade. This is too hot to feed into the turbine. About half
of the excess air is needed to dilute and cool these exhaust gases.
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Topic 8

The Gas Turbine

The gas turbine provides the power to drive the compressor and accessories. It
does this by extracting energy from the hot gases released from the combustion
chamber and expanding them to lower pressure and temperature. High stresses are
involved in this process, and for efficient operation, the turbine blade tips may rotate
at speeds up to 500 meters per second The continuous flow of gas, to which the
turbine is exposed may have an entry temperature of up to 1400 C. and may reach a
velocity up to 700 meters per second in some parts of the turbine.

To produce the driving torque, the turbine may consist of several stages, each
employing one row of stationary nozzle guide vanes and one row of moving blades.
The number of stages depends on whether the engine has one shaft or two and also on
the relation between the power required from the gas flow, the rotational speed at
which it must be produced and the diameter of turbine permitted.

The number of shafts varies with the type of engine. High compression ratio
engines usually have two shafts, driving high and low pressure compressors. On high
by-pass ratio fan engines another turbine is interposed between the high and low
pressure turbines, thus forming a triple-spool system.

The by-pass engine enables a smaller turbine to be used than in a pure jet
engine for a given thrust output and it operates at a higher gas inlet temperature,
thereby obtaining improved thermal efficiency and power to weight ratio.

The balancing of a turbine is an extremely important operation in its
manufacture and maintenance. In view of the high rotational speeds and the mass of
materials, any unbalance could seriously affect the rotating assembly bearings and
engine operation. Balancing is effected on a special balancing machine and is
conducted after each maintenance operation connected with replacements of blades,
discs and bearings.

Comprehensive Text-Related Glossary

power ['paus] - MOIIHOCTD

to drive ['draiv] - npuBOIUTH BO BpallicHHE

accessories [ok'sesari] - BcrmomoraTeNbHbIC arperaTbl

to extract [1k'straekt] - u3Baekats (3HEPIHIO)

to expand [1ks'pand] - pacimpsTs (ra3)

high stresses ['stresiz] - BeicOkHEe HArpy3Ku

to involve [in'volv] - cBs3bIBaTH, compsTaTh

continuous flow of gas [kan'tinjuas] - HenpepbIBHBII MOTOK ra3a
to expose [eks'pauz] - moxBeprarhb

entry temperature ['entri] - temnepaTypa Ha BX0je TypOHUHBI
driving torque [to:K] - Bpararomuii MOMEHT

row ['rou] - psin

stationary nozzle guide ['gaid ] - HenoaBMKHAS HAPABJISIOIIAS JOMATKA COIMIIOBOTO
amrmapara
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moving blades ['bleidz] - Bpararomuecs gonaTku TypOHHBI

one shaft or two [[a:ft] - ogun Bax nnm aBa

diameter of turbine permitted [po'mitad] - momycTumeIii qramMeTp TypOHUHBI
compression ratio ['reifiou] - ko duireHT cHKaThs

high by-pass ratio fan engines [baipa:S] - BeHTUIATOpHBIC IBUTATEIN C BBICOKUM
K03 (UIIMEHTOM JBYXKOHTYPHOCTHU

to interpose [,inta:'pauz] - BcTpauBaTh; ycTaHABIMBAThH (MEXKY)

triple-spool system - TpexBayibHast cucTemMa

for a given thrust output - ;s naHHOW pa3BUBaEMOM TATH

thermal efficiency ['0a:mol] - TemmoBas r3ddexTuBHOCTH

power/weight ratio - ynenpHass MOIITHOCTB

balancing ['balonsiy] - 6anancuposka

to effect [1'fekt] - mpon3BoaUTH, OCYIIICCTBIATH

unbalance - paz6anancupoBka

bearing ['bearm] - moammmamK

replacements [rr'pleismant] - 3amenbI

8.1 . Questions for Argument and Discussion

1.  What is the gas turbine for?

2 Where does the turbine obtain its energy from?

3. At what speeds may the turbine blade tips rotate for efficient operation?

4 What is the entry temperature of the flow of gas to which the turbine is
exposed?

5 What velocity this flow of gas may reach?

6.  What number of stages may the turbine consist of?

7. What rows does each stage of the turbine consist of?
8
9

What is the difference between blades and vanes?

: On what factors does the number of stages depend?
10. How many shafts do high compression ratio engines have?
11.  What do these shafts do?
12. On what types of engines are triple-spool systems used?
13.  What parts does a spool consist of?
14.  What are the advantages of by-pass engines?
15.  What is meant by the by-pass ratio?
16.  Why balancing of a gas turbine is considered as an extremely important
operation?
17.  What are the results of any unbalance of the gas turbine?

8.2. Suqqgested Topics for Presentations and Reports

1. Gas dynamic processes in gas turbine stages

2 Energy transfer from gas flow to turbine

3. Compressor-turbine matching

4, Criteria for evaluating performance of a gas turbine
5

6

Impulse-type turbines for cartridge and air starters
The problem of higher turbine entry temperatures.
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8.3. Auviation Talk

Instructor: The basic principles of gas turbine design are easy to understand, but
their practical application is very complicated, to say the least. First, what does the
turbine do?

Peter: It drives the compressor, of course.

Instructor: Anything else?

Helen: | suppose it drives various accessories, too. Fuel pumps, electric generators,
and things like that.

Peter: In turbo-prop aircraft it drives the propeller shaft, in helicopters it drives the
rotor shaft, both through reduction gears.

Instructor: You're both well in the picture! | am very impressed!

Helen: Don’t be misled! We've read all this from a booklet!

Instructor: Very good. Now let's see how a turbine operates. The hot exhaust gases
from the combustion chamber first pass fixed nozzle guide vanes.

Peter: They look like stator vanes in a compressor, don't they?

Instructor: Yes, in a way. But actually they are quite different. Firstly, they have
complex cooling ducts inside. Secondly, they are monocrystallic, that is produced
from a piece of metal, grown as a single crystal.

Helen: What substance is used as a cooling agent?

Instructor: As a cooling agent is used common air, bled from a compressor stage.
Immediately behind the fixed nozzle guide vanes are the rotating blades of the
turbine. These are the most critical items of the whole jet engine. In modern jet
engines they have to withstand temperatures of up to 1400 degrees Centigrade and
strains of up to three or four tons.

Peter: | think that design and manufacture of such blades must be quite a problem!
Instructor: This is the field of what is known as very high technologies and top secret
know-how. Now let's see once more the principles upon which the gas turbine
operates...

Peter: | can see on this diagram that the nozzle guide vanes form convergent
passages. Are they really convergent?

Instructor: They are. These convergent passages cause the gases to accelerate just
before they strike the blades of the turbine.

Peter: The turbine blades also seem to be twisted. What is this twist for? Instructor:
Yes, their stragger angle is greater at the tip than at the root. This ensures that the
gases do equal work throughout the length of the blade, and that they leave the
turbine at a uniform axial velocity.

Helen: How many turbines may have modern high by-pass ratio engines?

Instructor: Modern high by-pass ratio jet engines may have three gas turbines, and
three concentric shafts, running independently. This forms a triple spool system.
Helen: What are the advantages of triple spool jet engines?

Instructor: Such engines are very fuel efficient and also extremely quiet.
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Topic 9
The Exhaust System

The exhaust system of a jet engine passes the turbine discharge gases to
atmosphere at a velocity, and in the required direction, to provide the resultant thrust.
Great care must be taken in the design of the exhaust system at the rear of the engine.
If the flow of exhaust gases is impeded by too small an exit, temperatures and
pressures will be built up inside the engine, while too large an exit will make them
fall, and create a loss of thrust.

When afterburning is in operation, the area of the exhaust nozzle can be
increased by opening two eyelids that partially obstruct the nozzle aperture when
closed. The pilot actuates these eyelids by pneumatic rams, which in turn are linked
to the fuel supply system. As they are open the supply of fuel is increased.

By-pass engines can benefit spectacularly from the use of afterburning. Thrust
can be increased by 70% or more for short periods of time. This enables the airplanes
to reach an economical cruising height far more quickly than planes not fitted with
afterburners.

As a rule, it can be said that forward thrust is created wherever there are
divergent passages which convert velocity into pressure energy. Following the air as
it passes through the engine, we see that considerable thrust is developed in the
compressor because of the rise in pressure there.

Comprehensive Text-Related Glossary

exhaust system [1g'zo:st 'sistim] - BeIxJIONHAS cUCTEMa
discharge gases ['distfa:dz] - ra3sl Ha BbIX0/1€ TYpOUHBI

to provide [pro'vaid] - o6ecrieurBaTh; co3/1aBaTh

to take great care [kea] - oOpariath 0c0060 00JIbIIIOE BHUMAHKE
at the rear [ria] - B 3aaH¢i yactu

to impede [im'pi:d] - npensiTcTBOBATH

exit [’eksit] - BBIXOJHOE OTBEpCTHE

to build up - Hapactatb

to make fall [fo:1] - mpuBoaUTE K TAKEHUIO

loss of thrust - moTeps Tsiru nBuUraress

afterburning ['a:fts,ba:niy] - noxxur TormBa

to be in operation [,opa'reifon] - ObITh BKIIOYEHHBIM, TP BKIIIOYEHHOM
area ['earis] - mroras

eyelids [‘ailid z] - cTBOpKa, 3acmonka

partially ['pa:fsli] - vactuuno

to obstruct [ab'strakt] - mepekpsiBath, 3aropakuBathb

nozzle aperture ['&patfo] - oTBepcTHE comuia

to actuate ['ektjuert] - npuBoUTH B ACHicTBHE

pneumatic rams [nju:'meetik] - mHeBMaTH4eCKye TOJIKATEIIH
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In turn [in'ta:n] - B cBOIO OUYEpenb

link [ligk] -cBsi3anbI (¢ TOMIUBHOM CHCTEMOI)

supply of fuel [sa'plal] - mogaua TomrBa

by-pass engines - 1ByXKOHTYpHBIC IBUTATEIN

to benefit ['benifit] - cymecTBenHO yiaydiaTsh (CBOM IOKA3aTEH)
to enable [in'eibl] - naBaTh BO3MOXKHOCTh

to reach [ri:tf] - nocturars

economical cruising height ['kru:zip 'hart] - BeicOTa 9KOHOMHYHOIO KpeHcepcKOro
rosera

not fitted - He oOopymoOBaHHBIC

divergent [dar'va:dzont] - pacxomsmuiics (kanan)

to convert [kon'vs:t] - mpeobpazoBaTh

considerable [kan'sidorabl] - 3HaUNTENBHBIN, CYIIECTBECHHBIH
rise ['raiz] - yBenuuenue, poct (1aBiacHMs)

9.1. Questions for Arqguments and Discussion

1. What does the exhaust system do to provide the resultant thrust?

2. Why the design of the exhaust system must be taken very carefully?

3. What are the consequences of choosing too small an exit for the flow of
exhaust gases?

4.  What are the consequences of choosing too large an exit for the flow of exhaust
gases?

5. What can be done with the area of the exhaust nozzle when afterburning is in
operation?

6.  What do two eyelids do with the nozzle aperture?

7. By what device does the pilot actuate the eyelids?

8. To what system are pneumatic rams linked?

9. When is the supply of fuel increased?

10. From what can by-pass engines benefit?

11. By what amount does the use of afterburning increase thrust?

12.  Why afterburning is used only for short periods of time?

13.  What does the short application of afterburning enable the airplanes to reach
far more quickly?

14.  In comparison with what does the short application of afterburning enable the
airplanes to reach an economical cruising height for more quickly?

15.  When is forward thrust created?

16. What do divergent passages do?

17.  Where is considerable thrust developed?

18.  or what reason is considerable thrust developed in the compressor?

9.2. Suggested Topics for Presentations and Reports
1. Criteria applicable for exhaust system evaluation
2. Design and construction of modern exhaust systems
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Afterburners in high by-pass ratio jet engines
Thrust reversal systems

Exhaust systems of vectored thrust jet engines
Environmentally clean and quiet exhaust systems

ook w

9.3. Aviation Talk

Instructor: This is our final Aviation Talk in the present series. We have discussed
Airframe and Powerplant, but. for obvious considerations of space and time, we have
omitted some important items, such as:

- Fuel, Qil, Air, and Hydraulic systems

- Electric systems, Starting and Ignition

- Controls and Instrumentation

- -Installation and Maintenance

Peter: But we can discuss them very briefly, just to get an idea of what they are for!
Instructor: This is what | have just planned to do, but at the end of our present
sessions. But presently we have to return to our final talk on Exhaust Systems. And
our first item for discussion will be quite obvious: What are these systems for?

Helen: The answer is just as obvious: The exhaust systems are the devices for
passing the turbine discharge gases to atmosphere to provide the resultant thrust.
Instructor: What will be the results of choosing too small or too large an exit for the
flow of exhaust gases?

Peter: When the exhaust gases are flowing through too small an exit, temperatures
and pressures inside the engine will be gradually building up, and disastrous results
become more and more possible.

Helen: What do you mean by disastrous results?

Instructor: The very first result will be the surge in the axial compressor.

Peter: But | have not completed yet! When the exhaust gases are flowing through too
large an exit, temperatures and pressures inside the turbine will be lower than
nominal with the resultant loss of thrust.

Helen: And this is just the case for switching the afterburner on!

Instructor: Switching the afterburner on is a very expensive operation and must be
justified by actual requirements of flight. How does the pilot switch the afterburner
on when it is really necessary?

Peter: When the plane is climbing, the pilot switches the afterburner on by
pneumatic rams, which open the eyelids and at the same time open up the supply of
fuel.

Instructor: Which jet engines can benefit most from the use of afterburners?

Helen: These are by-pass engines. Some of them can increase thrust by more than
70% for short periods of time needed for climbing.

Instructor: Now our final question. When is forward thrust created?

Peter: Forward thrust is created in all cases when the air flows through divergent
passages or when the pressure of that air increases.

Helen: But we have not discussed on-board systems yet!
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Peter: And the first question to this effect will be about fuel systems. How does the
pilot control speed? Does he vary the flow of fuel?

Instructor: Yes, in a way. But things are actually more complicated. An engine's
thrust depends upon the weight of air passing through it, and this weight varies
according to the aircraft's speed, its altitude and the temperature of the air itself.
Helen: You mean that if any of these alter, then the speed of the plane will alter too?
Instructor: Precisely.

Peter: That could be dangerous!

Instructor: Yes, but in fact every engine is fitted with an automatic control unit that
senses these variable and applies the necessary corrections.

Helen: Our next question will be connected with oil systems. How does the pilot
know oil temperature?

Instructor: Oil temperature is sensed by temperature-sensitive element fitted in the
oil system. A change in temperature causes a change in the resistance value and a
corresponding change in the current flow at the indicator.

Peter: Now we would like to know something about air systems. Cabins and deicing
systems must be supplied with some hot air. Where does it come from?

Instructor: The hot air for different needs is usually taken from the last stage of the
compressor.

Helen: Our next question is connected with the hydraulic system. What is this system
for?

Instructor: The hydraulic system provides a very simple and efficient method of
transmitting power by means of liquid under pressure. Hydraulic actuators operate all
airplane controls - rudders, elevators, and ailerons.

Peter: Next we have the electric system, starting and ignition.

Instructor: The electric system operates on alternating current, produced by on-
board AC generators. Aviation standards of AC are: frequency of the current - 400
cycles per second, voltage - 117 volts.

Peter: But you have not said anything about starting and ignition!

Instructor: Starting and ignition come separately. Two separate systems are required
to start a jet engine: a low-voltage electrical starting system, and igniting system.
During engine starting the two systems must operate simultaneously.

Helen: Controls and instrumentation is our last but one problem.

Instructor: The controls are designed to make the handling of the engines as simple
as possible. It means that the plane flies at the right speed for a given throttle setting,
whatever the actual operating conditions.

Peter: But what does the instrumentation system do?

Instructor: It shows to the pilot the actual power output of the engines, temperature
of the gases, entering the turbines and jet pipe temperatures.

Helen: Our final item for discussion is installation and maintenance. But clearly this
item is only the last, but not the least in importance.

Instructor: Modern jet engines can be placed almost anywhere, provided they
remain accessible for maintenance and repairs. Presently almost all jet engines are
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made in modular form to facilitate the rapid replacement of worn assemblies.

The adoption of on-board computers, modular construction, and on- condition
maintenance has stimulated the development of monitoring instruments, sensors, and
early warning systems, improving overall reliability of air transportation.

Peter: What does modem on-condition maintenance come to?

Instructor: For all of us modem on-condition maintenance means transition from
old, on-time types of maintenance, to new and progressive types, based on exact
information about actual conditions of all components. This information is supplied
to the on-board computer by numerous sensors, monitoring actual operating
conditions of all critical components of the airplane.

Peter, Helen: We all thank you for answering our questions and for clear
presentation of new and sometimes quite complex material Thank you!
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Part 2

Computer Science Fundamentals
Topic 10

Electric Current

Electric current is traditionally defined as the ordered flow of electrons in a
conductor. As conductors we can use all metals. Metals are good conductors because
they have free electrons. The best conductors are metals silver, gold, copper, and
aluminum.

There are two types of electric current. The first type is called direct current
(DC), the second type is called alternating current (AC). Direct current is the current
which always flows in one direction. There are two directions of DC flow. One
direction is from positive potential (+) to negative potential (-), and it is called
technical direction of DC flow. The second direction is from negative potential (-) to
positive potential (+) and it is called scientific direction of DC. Negative potential
corresponds to excess of electrons, positive potential corresponds to their deficit. The
technical direction of DC flow appeared when people started using DC for practical
applications without knowing anything about electrons.

Alternating current (AC) is the current which changes its direction many times
per second. The number of changes of direction per second is called frequency of
AC. Frequency of AC in the mains in Russia is 50 (fifty) cycles per second, voltage,
is 220 (two hundred and twenty) volts. Frequency of AC in the mains in the USA is
60 (sixty) cycles per second. Frequency of AC in the mains on board of aircraft is 400
(four hundred) cycles per second, voltage is 117 (one hundred and seventeen) volts.
Frequencies of AC are different because there is a design rule, which reads: "The
higher is the frequency of AC the smaller and lighter are all power transformers on
board".

Electric current is measured in amperes (A). One ampere is defined as one
coulomb per second. One coulomb of electricity is the amount of electrons, which,
flowing through a solution of nitrate of silver, deposits 1.118 milligrams of silver on
the electrode. Practically used units for measuring electric current are milliamperes
(mA) and microamperes (uA).

Comprehensive Text-Related Glossary
electric current ['karant] - anekTpuyeckuii Tok
conductor [kon'dakto] - mpoBogHHK (3JIEKTPHUYECKOTO TOKA)
silver ['silva] - cepebpo
gold [gould] - 30:m0TO
copper ['kopa] - menn
direct current [di'rekt] - mocTosiHHBIN TOK
alternating current ['o:ltonertiy] - nepemenHsIi TOK
scientific [, saion'tifik] - HayuHbrii
excess [ik'ses] - n30b1TOK
deficit ['defisit] - HemocTaTok
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application [,apli'keifon] - npuMeHeHne, PUIOKEHHUE
frequency ['fri:kwansi] - vactora

in the mains ['meinz] - B ceTu (mepeMeHHOTO TOKA)
on board [bo:d] - Ha 6opTy (camoreTa)

design rule [dr'zain ru:l] - mpaBuno npoexTrpoBanus
power transformer ['paus , traens'fo:mo] - cuoBoii Tparcdopmarop
to measure ['mezo] - u3mepATh

amount [a'maunt] - komu4yecTBO

solution [sa'lu:fan] - pactBop

to deposit [dr'pozit] - oTkIaabIBaTh (M3 pacTBOpA)
units ['ju:nit] - eaMHKULIBI K3MEPEHUS

microamperes [,maikrouam’pi: 9z] - MuKkpoamrepsI

10.1. Questions for Argument and Discussion

What is electric current?

What substances can be used as conductors?

Why all metals are good conductors?

Which metals arc the best conductors?

What types of electric current do you know?

What is direct current?

How many directions of direct current flow do we know?
In what direction does direct current actually flow?

What is the meaning of positive potential?

10.  What is the meaning of negative potential?

11.  What is alternating current?

12.  What is frequency of alternating current?

13.  What is frequency of AC in the mains in Russia?

14.  What is frequency of AC in the mains in the USA?

15.  What is frequency of AC in the mains on board of Civil Aviation airplanes?
16.  Why frequencies of AC are different?

17.  What units are used for measuring electric current?

18.  How do we define one ampere?

19.  What values do we measure in coulombs?

20.  What is one coulomb of electricity?

21.  What units for measuring electric current are used practically?

CoNoakrwWME

10.2. Suggested Topics for Presentations and Reports

Principles of generation ,of alternating current

Principles of generation of direct current

Conductors and superconductors of electric current
Frequency of alternating current

Measurements of current and voltage

AC and DC generators on board of Civil Aviation airplanes.
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10.3. Aviation Talk

Instructor: Presently we are starting Part Two of our series of topics, called
"Computer Science Fundamentals”. These topics are aimed at promoting
understanding of general principles of operation of on-board, or flight, computers.
Our first topic in this series is called "Electric Current".

Peter: | understand that all power supply units of computers require alternating
current for their operation. As we all know, to alternate means to change.

Instructor: By definition, alternating current is the current that changes its direction
of flow many times per second.

Helen: But what does alternating current have to do with computers?

Instructor: All computers take their power from the mains. And in the mains we
have alternating current which must be converted into direct current, used by all
computers.

Peter: Why do we always and everywhere have alternating current in the mams?
Instructor: AC is so popular because of its very important advantage - transform
ability.

Helen: And what does it mean?

Instructor: It means that we can change its voltage according to our needs by using
stepping-up or stepping-down transformers.

Helen: But AC has another parameter, which can be changed - frequency.

Peter: I’ve never heard anything about changing frequency of AC. Up to now, at
least.

Instructor: We do not change frequency, we choose it from the very beginning.
Helen: We've already heard that the higher is the frequency in the mains the smaller
and lighter ere all power transformers. Why not to have in our mains alternating
current of a higher frequency?

Peter: Yes, why not to have in our mams 400 cycles per second AC, as in aviation?
Our home TV sets would be twice as light.

Instructor: We must not forget about radiation losses involved. The higher is the
frequency in the mams, the higher are radiation losses in transmission lines. And
distances in our country are really great The present value of 50 cycles per second is
optimum,

Helen: How do we measure AC?

Instructor: Current is measured by connecting the meter in series. That means that
we have to disrupt the circuit first, then we have to connect the meter so that all
current would flow through the meter.

Helen: And in what units do we measure current?

Instructor: Current is measured in amperes, milliamperes, or microamperes,
depending on strength of the current.

Peter: What kind of meters do we use for measuring current?

Instructor: For measuring current we use meters with very low inner resistance.
Helen: Sometimes we have to measure voltage. What kind of meters do we use in
this case?

Instructor: For measuring voltage we use meters with very high inner resistance.
And we must not forget what in this case we connect the meter in parallel.

Peter, Helen: We both thank you for answering our questions. Thank you!
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Topic 11

Transformer

Transformer is an electro-mechanical device for changing the ratio between
current and voltage. All transformers operate on the principle of electromagnetic
induction, which means crossing the conductor by magnetic lines of force. All
transformers consist of three main parts: (1) Primary winding, which is connected to
the mains; (2) Iron core, which concentrates magnetic lines of force and makes all of
them cross the secondary winding; (3) Secondary winding, which is connected to the
load of the transformer.

There are two practically used types of electrical transformers: (1) Stepping-up
transformers, in which the number of turns in the secondary winding is higher than
the number of turns in the primary winding of the transformer, and (2) Stepping-
down transformers, in which the number of turns in the secondary winding is lower
than the number of turns in the primary winding. Transformers are described by their
operating power, operating frequency, and transformation ratio. Operating power of a
transformer is calculated as the product of current by voltage in its secondary winding
under conditions of maximum loading. By operating frequency is usually understood
the frequency in the mains for which the specific transformer is designed. Power
transformers, designed for 60 cycles per second operation will not operate in the 50
cycles per second mains because of overheating and ultimate failure. Encapsulated
on-board transformers, designed for operation in the 400 cycles per second mains, in
the 50 cycles per second mains quickly overheat and in some cases explode.
Transformation ratio of a transformer is the ratio of the number of turns in its primary
winding to the number of turns in its secondary winding.

The operating of ideal, or lossless transformers is described by the rule of
transformation, which reads: 'The product of current by voltage in the primary
winding is always equal to the product of current by voltage in the secondary
winding”. All real transformers have losses and beat during operation. The common
source of losses is low-quality iron in the iron core of the transformers.

Comprehensive Text-Related Glossary

device[di'vais] -yctpoiicTBO

ratio ['reifiou] - otHoIIeHKE (BETUYNH)

magnetic lines of force [' f2:S] - MarHUTHBIC CHIOBBIC TUHUN

primary winding ['praimart waind] - mepsuunas oomorka (Tpanchopmaropa)

the mains ['meinz] - ceTh (mepeMeHHOTO TOKA)

iron core ['aron 'ko:] - sxene3HbIit cepaeYHUK

secondary winding ['sekondari] - BTopruHas oOMoTKa (TpaHchopmaTopa)
stepping-up transformer [,stepin'ap, treens'fo:ma] - nopsiaronuii Tpancopmatop
number of turns [te:nz] - uncno BuTKOB

operating power [,opa'rertin] - padouast (HOMHHAJIbHAS) MOIITHOCTh
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operating frequency ['fri:kwansi] - pabouas gacrora

transformation ratio [ treensfa'meifon] - koaddunment tpanchopmanmm
under conditions ['andos , kon'difonz] - B ycrmoBusix; pu paboTe B pekumMe
loading ['loudin] - Harpys3ka; moa Harpy3Koit

Is designed [, iz di'zaind] - cipoextupoBan

overheating ['auvo'hi:tin] - meperpes

ultimate ['altimit] - 3aBepmaronuii, KOHEYHBIH

failure ['fe1ljo] - otkas, aBapus

encapsulated [in, 'kepsju: 'leitid] - repmeTH3upoOBaHHBIIH

to explode [1ks'ploud] - B3pbeIBaTHCS

lossless ['Ioslis] - 6e3 moTepb

rule [ru:l] - mpaBuo

which reads ['ri:dz] - kotopoe riacur

product ['prodakt] - mpoussenenue

is equal ['i:kwal] - paBHO

to heat ['hi:t] - HarpeBaThCs

common source ['komon ' $2:S] - 00bIYHAS, pacpOCTpaHEHHAS TIPUYHUHA
low-quality [, lou 'kwoliti] - Hu3KOKaYecTBEeHHOE (3KENE30).

11.1. Questions for Argument and Discussion

What do we use transformers for?

On what principle do all transformers operate?

What does electromagnetic induction mean?

What parts do all transformers consist of?

Where is primary winding connected to?

Where is secondary winding connected to?

What does the iron core of a transformer do?

How many types of transformers do we know?

9. In what cases do we use stepping-up transformers? What are they?

10.  In what cases do we use stepping-down transformers? What are they?

11.  Can you think of a transformer. which is neither stepping-up nor stepping
down?

12.  What parameters are used for describing all transformers?

13.  What is operating, or nominal, power of a transformer?

14.  What is operating, or nominal, frequency of a transformer?

15.  Will 60 cycles per second transformers operate in a 50 cycles per second
mains? For what reason?

16.  What will be the result of connecting a 400 cycles per second aviation
transformer to the 50 cycles per second mains?

17.  What is transformation ratio of a transformer?

18.  What does the rule of transformation read?

19.  To which transformers is the rule of transformation applicable?

20.  What is the most common source of losses in all transformers?

NGO~ WDE
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11.2. Suggested Topics for Presentations and Reports

50-cycles per second, 60-cycles per second, and universal power transformers
400-cycles per second aviation transformers

Variable transformation ratio autotransformers

Low-losses power transformers

Special applications transformers.

SR Sl

11.3. Aviation talk

Instructor: On board of modern airplanes there are up to eight hundred of different
transformers and great care is taken to reduce their weight and number to an absolute
minimum. But do we have any reserves?

Peter: What do these transformers do? Why not to get rid of them altogether?
Instructor: Almost all on-board transformers are of a stepping-down type. All on-
board electronic devices and their integrated circuits require + 12 volts DC for their
operation. We have to step down the AC voltage from the mains up to this value and
then to convert it into DC.

Helen: Can’t we get round this problem end reduce the weight of iron? I’ve heard
about practically lossless toroidal magnetic circuits.

Instructor: This is a doughnut-shaped piece of magnetic material, together with
several coils of current-carrying wire wound about the toroid. If the permeability of
the magnetic material is high enough, the magnetic flux is completely confined
within it.

Peter: Does the word "completely" mean that there are no losses?

Instructor: It does mean exactly this.

Helen: Then why not to use toroidal transformers everywhere?

Instructor: There is one snag about toroidal transformers: they are difficult to
manufacture and very expensive.

Peter: Do we have any other devices in the primary winding circuit of a transformer?
Instructor: In the primary winding circuit of a power transformer we also find such
devices as an on-off switch and a fuse.

Helen: We know something about them. The on-off switch switches the computer on
or off. | can see this switch on the front panel of my computer. I am not so sure about
the fuse. Does it protect the computer from overloads?

Instructor: It does. It is a small device which disrupts the primary winding circuit
when the current exceeds the nominal value. Usually you can find it on the back
panel of your computer.
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Topic 12

Rectifier

Rectifier is an electronic device for converting alternating current from the
mains into direct current, necessary for computer circuits. All rectifiers operate on the
principle 6f one-way conductivity of a rectifying diode. One-way conductivity means
that the rectifying diode conducts current in one direction and does not conduct
current in the opposite direction.

All rectifiers consist of three main parts: (1) Power transformer, which is
connected to the mains, (2) Rectifying diode, (.t)Load. There are two mam types of
rectifiers. The first type is called half-wave rectifier, the second type is called full-
wave rectifier. In a half-wave rectifier the secondary winding of the power transform
er does not have any center tap and the frequency of pulsations at the output is fifty
cycles per second. In a full-wave rectifier the secondary winding of the power
transformer has a center tap, which is grounded, and there are two rectifying diodes
The pulsations frequency at the output of a full-wave rectifier is one hundred cycles
per second, which is much easier to filter out.

During the first half-cycle of the AC voltage, the electro-motive force (EMF),
developed in the secondary winding of the power transformer, drives the current from
the ground to the rectifying diode. In this direction the diode conducts and the current
flows through the load. During the second half-cycle the electro-motive force
changes for the opposite and drives the current from the diode to the ground. In this
direction the diode does not conduct and no current flows through the load

The frame of reference, used for plotting the functional dependence of current
from times called the rectangular frame of reference. It consists of the origin and two
axis - the axis of the variable (horizontal) and the axis of the function (vertical).

Text-Related Glossary

rectifier ['rektifaia] - BemmpsimMuren

necessary [necessary] - HeOOXOIUMBIiA, HYKHBIH

circuits ['sa:Kit S] - cxeMsbl, 3JI€KTPOHHBIC YCTPOICTBA

one-way conductivity [,wan ' wer , kondak'tiviti] — oqHOCTOpPOHHSST IPOBOAMMOCTD
load ['loud] - Harpy3ka (ycTpOHCTBO, MATAEMOE OT BBITPSIMHUTEIIS)

half-wave rectifier [' ha:f weiv] - ogHONIOTYTIEpHOIHBINA BHIIPSIMHUTEH

full wave rectifier ['fulweiv] - aByxmoayneproaHbIi BBIMPSAMHUTEb

center tap ['sento ' tap] - oTBOA OT IEHTPAILHOW YACTH BTOPUYHOW OOMOTKH
TpaHcopmatopa

Is grounded ['graundid] - 3a3emiten

pulsations frequency [,pal'seifonz ‘fri;kwansi] — gactora mynabcaiuii (Ha BBIXOJE
BBITIPSIMUTES)



R A

N ¢ I § On

T

gl | i N

Ia

HAAIOTY IDard HATALIOWY TAVAA-TTA HATILIOHY JAVA-ATVH



50

to filter out [, flito 'aut] - or¢uneTpoBaTh, yIAINUTE C MOMOUIBIO CIIIAXKUBAIOIIETO
KOHJICHCATOpa

electro-motive force [,r'lektrou 'moutiv ' fo:5] - anexTponBuxymias cuna, 3J1C
to drive ['draiv] - 3acTaBisATh IBUTaThCs, 3aCTABISATH MPOTEKATh

ground ['graund] - 3azemicHue, 3eMis (CXEMBI)

rectifying diode [,'rektifaiy dai'oud] - Bempsmitstrormii quo;

frame of reference [' freim ov 'reforons] -cucrema KoopauHaT

to plot [ plot] - crpouts (kpuByI0)

functional dependence ['fapgkfanl di'pendons] - dbyHKIIMOHATEHAS 3aBHCUMOCTb
rectangular [rek'tengjuls] - mpsimoyronbHbII

origin ['orid3in] - Hayamo (CUCTEMBI KOOPMHAT)

axes [' aks si:z] - ocu (pi.); axis [' &ks siz] - ocs (Sing.)

12.1. Questions for Argument and Discussion

What are rectifiers for? Where are they used?

What is the principle of their operation?

What parts does a rectifier consist of?

How do we understand one-way conductivity?

What types of rectifiers do we know?

How do we call the first type of rectifiers?

Why these rectifiers are called half-wave?

What is the pulsation frequency at the output of these rectifiers?
What are advantages and drawbacks of half-wave rectifiers?

10. How do we call the second type of rectifiers?

11.  Why these rectifiers are called full-wave?

12.  What parts does a full-wave rectifier consist of?

13.  How many diodes does a full-wave rectifier use?

14.  What is the pulsation frequency at the output of a full-wave rectifier?
15.  What are advantages and drawbacks of full-wave rectifiers?

16.  How can we convert pulsating current into direct current?

17.  What must we use for visual presentation of functional dependence of rectified
current from time?

18.  What are the main parts of the rectangular frame of reference?

19.  What do we usually plot along the horizontal axis of the rectangular frame of
reference?

CoNoaRrLDE

12.2. Suggested Topics for Presentations and Reports
General principles of rectification

Half-wave, full-wave, and bridge rectifiers

Conversion of pulsating current into direct current
General principles of filtering of pulsating currents
Criteria, applicable for evaluating quality of DC supplies
Sources of on-board DC power.

ok wnE
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12.3. Aviation Talk

Instructor: Our present discussion is devoted to rectification and rectifiers. We
know that rectification means conversion of AC (Alternating Current) into DC
(Direct current).

Peter: Why not to have DC in the mains from the very beginning?

Instructor: There is one trouble with direct current - it is not transformable, which
means that we can not step it down or step it up, according to our needs.

Peter: All car drivers know that there are devices called choppers, which do just this.
Helen: You mean that these choppers change the ratio between DC current and DC
voltage?

Peter: They do just this. They transform direct current.

Instructor: But here we must not forget that choppers first convert DC into AC, then
they change the ratio between current and voltage of the obtained AC, and finally the
convert AC into DC, but with the ratio between current and voltage which we need.
Helen: There is one snag about rectifiers which | do not understand. After
rectification we obtain pulsating current, but we need direct current. How do we solve
this problem?

Instructor: The solution is very simple. We connect a condenser across the load. The
higher the capacity of this condenser, the more direct, more smooth will become our
direct current.

Peter: The operation of getting rid of all AC components out of our DC is called
filtering or smoothing. Is it possible to obtain DC which does not contain any AC
components?

Instructor: This type of DC can be obtained with the help of accumulators, batteries,
cells and other chemical sources of current.

Helen: Once you have mentioned frames of reference and said something about the
polar frame of reference. What is it for?

Instructor: The choice of the most suitable frame of reference depends on your
variable. If you have to rotate something and observe what happens after each 10, 20,
30, and so on degrees of rotation, then your obvious choice will be the polar frame of
reference.

Peter: It is very suitable for adjusting ignition moments of reciprocating engines.
Instructor: It is a very good example. Another example is directivity patterns of on-
board radar antennas.
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Topic 13

Amplifier

Amplifier is an electronic device or stepping up power of the signal. All
amplifiers operate on the principle of controlling very large amounts of output power
by very small amounts of input power, applied to the control electrode. Amplification
factor of an amplifier is calculated as the ratio of its output power to input power.
There are two main types of amplifiers: (1) Vacuum tube amplifier, and (2)
Transistor, or solid state, amplifier,

Vacuum tube amplifier consists of plate, control grid, cathode, and filaments.
Plate collects electrons, flying from cathode. Control grid controls current, flowing
through the tube. Cathode emits electrons. Filaments heat the cathode, enabling the
process of electronic emission. By their nature vacuum tubes are high voltage devices
because voltages are high, but currents are low.

Transistor amplifier consists of collector, base, and emitter. Base controls
current flowing through the transistor. Emitter emits electrons. Collector collects
electrons, arriving from emitter. By their nature transistors are current devices
because currents are high, but voltages are low.

Mechanical, electric, and electronic devices, controlling very large amounts of
output power by means of very small amounts of input power, applied to the control
organ, are defined as valves. In this respect common kitchen water taps are typical
valves because they control very large water flows practically effortlessly. Vacuum
tubes and transistors do the same, but with flows of electrons.

Feedback in amplifiers is defined as application of a part of output signal to the
input Feedback is positive when the phases of input signal and of feedback signal are
the same. Positive feedback turns amplifiers into generators. Feedback is negative
when the feedback signal is out of phase with the input signal. Negative feedback
amplifiers feature low distortion and high stability.

Comprehensive Text-Related Glossary

amplifier [‘emplifaio] — ycunurens

to apply [o'pla1] - mpukiageBaTh K ..., MOJABATh HA...

amplification factor [,emplifi'’keifon] - koaddunuent ycunenuns

ratio ['reifiou] - oTHOIICHME (BEITUYIHH)

output power [‘autput 'paus] - BEIXOIHAS MOIIHOCTE

input power ['input] - MOIIIHOCTH CHTHAIA HA BXOJE, BXOIHAS MOIIHOCTb

vacuum tube amplifier ['vaekjuom 'tju:b] - ycumuTens Ha 3IEKTPOHHBIX JaMIax,
JIAMITOBBIH YCHITUTEIb

solid state ['solid 'steit] - (ycunurenp) Ha MHTErPANTbHBIX CXeMaX, TBEPAOTEIbHBIN
(ycunurenb)

plate ['pleit] - ano (3;1€KTPOHHOM JTAMITBI)
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control grid ['grid] - ynpasisronias ceTka

cathode ['’kee6oud] - kaTon

filaments ['filomonts] - aut Hakana (kaToza)

base ['beis] - 6a3a, ynpaBnstonuii 3JeKTPO] TPaH3UCTOPA

collector [ka'lekts] - komtekTop Tpan3ucTopa

emitter [I'mito] - amuTTEp TpaH3UCTOpA

to flow through [' flou ' Oru:] - mporekats yepe3 (IEKTPOHHYIO JaMITY)

to heat [hi:t] - narpeBaTh (kaTom)

to enable [r'neibl] - nexaTh BO3MOXKHBIM

by their nature ['neitfs] - mo cBoeli npupoe

high voltage devices [' har ' voultidz di'vaiSiz] — BBICOKOBOJBTHBIE MPHUOOPHI,
IpHUOOPHI C BHICOKMM BHYTPEHHHUM COITPOTHBICHUEM

current devices ['karont] - TokoBele TpPUOOPHI (C HHU3KUM BHYTPEHHUM
COIIPOTHUBJICHUEM )

amounts [o'maunts] - BeIMIHHBI

in this respect [ri'spekt] - B 3ToM oTHOIICHHH

common kitchen water taps ['kitfin] - oObI4HBIC KyXOHHBIE BOAOIPOBOIHBIC KPAHBI
valves [vaelvZz] - BeHTHIH, BEHTHIIbHBIE TIPHOOPHI

effortlessly ['efatlisli] - 6e3 BumuMbIX ycumuii, 6€3 3aTpaThl MOITHOCTH

to do the same [seim] - menaTh TO ke camoe

feedback ['fi:dbzk] - oOpaTHast cBsA3b (B yCHIUTEIIAX )

application [,aplr'keifon] - nogaua (curnana)

to turn into [to:n] - npeBpaimaTk (B TeHEPATOPHI)

to be out of phase [aut ov feiz] - OwiTh B mpoTHBOdA3e, H3MECHATHCS B
MPOTHBOIOJIOKHBIX HAITPABICHHSIX

to feature ['fi:t[a] - xapakTepu3oBaThCs, AEMOHCTPHUPOBATH

low distortion [dis't:fon] - HU3KKE HCKaKEHHUS

high stability [sto'bilitr] - BeIcOKast ycTOWIMBOCTH

13.1. Questions for Argument and Discussion

What are amplifiers used for?

What is the principle of their operation?

What does the control electrode of an amplifier do?

How is the amplification factor of an amplifier defined?
How many types of amplifiers do we know?

What are the main components of a vacuum tube amplifier?
What does the control grid of a vacuum tube amplifier do?
Why is it necessary to heat the cathode?

Why vacuum tubes are called high voltage devices?

10.  What parts does a transistor amplifier consist of?

11.  Why transistors are called current devices?

12.  What does the base electrode of a transistor amplifier do?

CoNoaRrWODE
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13.  What does the emitter electrode of a transistor amplifier do?

14.  What does the collector electrode of a transistor amplifier do?

15.  Is there anything in common between the base electrode of a transistor and the
control grid of a vacuum tube?

16. How do we generally call devices controlling large amounts of output power
by means of small amounts of input power?

17.  What is feedback?

18.  What types of feedback do we know?

19.  What is positive feedback? What do we use it for?

20.  What is negative feedback?

21.  What are the results of negative feedback application?

22.  What parameters of amplifiers are considered as most critical?

13.2. Suggested Topic for Presentations and Reports

General principles of amplification

Current and voltage amplifiers

Audio and video amplifiers

Most critical parameters of amplifiers

Criteria, applicable for evaluation of amplifiers
Negative and positive feedback in amplifiers
Phase relationships in amplifiers

Stability of amplifiers.

PN~ wWNE

13.3. Aviation Talk

Instructor: Presently it is really very difficult to find an on-board device without a
built-in amplifier. This is especially true respective avionic equipment and on-board
computers.

Peter: What requirements must these amplifiers satisfy?

Instructor: They must only amplify, that is they must step up only the amplitude of
the signal, all other parameters must be left intact.

Peter: What are these parameters?

Instructor: They are phase and frequency characteristics, or responses. All modern
amplifiers are negative feedback amplifiers, that is they use negative feedback to
improve their quality

Helen: Does quality mean high fidelity sound?

Instructor: It does, but this terra is commercial and is not suitable for our purposes.
In science sound quality is measured in percentages of distortion and in signal-to-
noise ratios.

Helen: What is meant by distortion?

Instructor: By low or zero distortion amplifier we understand amplifier which
increases only amplitude of the signal without adding or removing anything.

Peter: In other words, the amplifier must be absolutely impartial and amplify all



56

frequency components of the signal equally well.

Instructor: But all real amplifiers distort, that is they add some new frequencies of
their own and remove or diminish some frequencies of the signal. The summary
percentage of such changes is called distortion.

Helen: You have also mentioned that signal-to-noise ratio influences sound quality.
What is meant by this?

Instructor: By noise we mean low frequency hum due to bad filtering and high
frequency hiss due to low quality transistors of the amplifier.

Peter: How can we expose a noisy amplifier?

Instructor: It’s very simple. Just turn your volume control to the maximum and
listen.

Helen: And what will we hear?

Instructor: You'll hear your amplifier at its worst.
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Topic 14

Trigger

Trigger, or flip-flop, is an electronic device for storing one bit of data. Triggers
consist of two amplifiers with feedback. All triggers operate on the principle of
feedback, maintaining one amplifier open when the other amplifier is closed. Random
access memories (RAMs) of all computers are nothing more but combinations of
triggers. Single-in-line memory modules (SIMMs) and double-in-line memory
modules (DIMMSs) are just examples of random access memory units of modern
computers.

Operation of a trigger begins with positive triggering pulse, applied to the base
of the first amplifier. The amplifier opens, and its collector voltage drops because
negatively - charged electrons arrive to it. This low collector voltage through
feedback resistor is applied to base of the second transistor and closes it. The
collector voltage of the second amplifier increases and through another feedback
resistor maintains the open state of the first amplifier. The first amplifier remains
open after the triggering pulse is over. If we agree that the open state of the first
amplifier corresponds to logical unity (1), then we say that the collector current of the
first amplifier stores the logical unity, while the collector current of the second
amplifier stores the logical zero (0).

One bit of data, equivalent to saying yes or no, is the smallest unit for
measuring data. One byte corresponds to eight bits of data. One megabyte
corresponds to one million bytes. One gigabyte corresponds to one thousand
megabytes. Modem computers feature random access memories of up to 10 or even
50 gigabytes.

Comprehensive Text-Related Glossary

trigger ['triga] - Tpurrep, ycTpORCTBO AJIsi XpaHEHUs OJHOT0 OnuTa MHMOPMAIUH

to store [sto:] - xpauuTh (MHGOPMaILIHIO)

feedback ['fi:dbak] - oOpaTHast cBs3b (B ycHIHUTEIISIX)

to maintain [mein‘tein] - moaaepxuBaTh, COXpaHIThH

random access memory [rendom 'akses] - mamaTh CO CIy4alHBIM JOCTYIIOM,
orepaTUBHAs MMaMATh KOMITbIOTEPA

single-in-line memory modules (SIMMSs) ['simgl i 'lain] - cummbl, Moxyau
OIEPATUBHON MaMSITH C OJJHOCTOPOHHHM PACIIOJIOKEHUEM OJIOKOB MUKPOCXEM
double-in-line memory modules (DIMMs) ['dabl 1n 'lan] - mumwmel, mMomymu
ONEPAaTUBHOM MMaMATH C JABYCTOPOHHHUM PACIOJOKCHHEM OJIOKOB MHKPOCXEM
(MCITOJIB3YIOTCS B COBPEMEHHBIX KOMITBIOTEPAX )

example [1g'za:mpl] - npumep

triggering pulse ['trigarim ' pals] - 3anmyckaroriuii UMIyJIbC

to apply [a'plai] - npunarate, nogaBaTh

to drop [drop] - manats

arrival [o'raival] - mpubbITHE, TOCTYIUICHHE
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through feedback resistor [0ru:] - uepe3 pe3uctop oOpaTHOM CBS3H

remains open [ri'memz oupn] - ocTtaeTcst OTKPBHITHIM

after the triggering pulse is over ['iz 'ouvo] - mocjiae OKOHYAaHHS 3aIlyCKArOIIEro
UMITYJIbCa

to agree [2'gri:] - mpuUXoOAMTH K COTJIAIICHHUIO; TOTOBOPUTHCS

logical unity ['ju:niti] - toruueckas eauHMIIA

logical zero ['ziorau] - norudeckuii HyJIb

data ['derts] - undopmanus

megabyte ['megabait] - merabaiiT, oguH MIUILIIHOH OAMTOB

gigabyte ['gaigobait] - rurabaiit, oJHa ThICSYa MIJIJITHOHOB OalTOB

14.1. Questions for Argument and discussion

1 What are triggers?

2. What parts do triggers consist of?

3. On what principle do all triggers operate?

4, What does feedback maintain?

5. How do we call devices which constitute random access memories of all
computers?

6. What are SIMMs and where are they used?

7. What are DIMMs and in what they differ from SIMMs?

8. What type of computer memory is called random access memory?

9. What type of data does read-only memory (ROM) contain?

10.  How is one bit of data stored by a trigger? What is the result of application of
a positive triggering pulse to the base of the first transistor? What is the reason of
closing of the second transistor? Why the first transistor of the trigger remains open
after the positive triggering pulse is over?

11.  To what state of the transistor does storing of a logical unity correspond?

12.  To what state of the transistor does storing of a logical zero correspond?

13. What amount of data do you use when you say yes or no?

14.  How many bits of data does one byte contain?

15. How many bytes of data does one megabyte contain?

16.  How many bytes of data does one gigabyte contain?

14.2. Suggested Topics for Presentations and Reports

1. High-speed triggers for computers with 500-700 megacycles per second clock
frequencies

2. Volatile and non-volatile memories of modern computers

3. Sub-molecular triggers in parallel artificial intelligence computers

4, Molecular triggers and the problem of infinite memory

d. Education of parallel (“Occam”) computers.
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14.3. Aviation Talk

Instructor: In our present topic we are going to discuss triggers — electronic devices
for storing one bit of data. Triggers are the most frequently used and also the cheapest
elements of all integrated circuits. Electronic designers know, that the cost of
manufacturing one resistor of the medium high denomination, say 47k, is equivalent
to the cost of manufacturing five transistors.

Peter: We already know that triggers are electronic devices with two stable states.
The open state of the first transistor corresponds to storing a logical unity in its
collector circuit. But what if we want to store a logical zero?

Instructor: There is a number of ways to do this. The most obvious way is to apply a
negative triggering pulse to the base of the first transistor, or to apply a positive
triggering pulse to the base of the second transistor, or to reset the computer.

Helen: What does feedback do in all these processes?

Instructor: Feedback insures the open state of one transistor when the other
transistor is closed, and vice versa.

Peter: This device, | mean the trigger, has two stable states. The first stable state
corresponds to the first transistor being open while the second transistor is closed; the
second stable state corresponds to the first transistor being closed while the second
transistor is open. It is not clear, for how long the trigger will remain in the first or in
the second stable state?

Instructor: The trigger will remain in one of these stable states for as long as the
power is on. When you switch off the power, all data is lost. This type of power-
dependent memory is called volatile memory.

Helen: Does all this mean that we must save the results of our work as often as we
can?

Instructor: You must not forget to save the results of your work every ten-fifteen
minutes, to be on the safe side. Some operating system can do this automatically.
Helen: And where are the results saved, if the end user is so absent- minded?
Instructor: The results are saved on your current floppy disc, or on your hard disc, if
your floppy disc is write-protected.
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Topic 15

Number Systems

Number systems are defined as the ways of presenting numerical values as
powers of a certain base number, specific for each number system. For historical
reasons humans used decimal number system because their ten fingers were suitable
for counting. Computers use binary number system because their triggers have two
stable states. The main drawback of the binary number system is too long notation of
numbers, which means that too many triggers are required for their presentation.
Much more economical are octal number system, the base number of which is eight,
and hexadecimal number system, the base number of which is sixteen.

Of all number systems, the hexadecimal number system is the most economical
and requires the least number of digits and the least number of triggers. To represent
numerical values, this system uses Arabic digits 0,1,2,3,4,5,6,7,8,9, and also the
upper-case letters of the Latin alphabet A,B,C,D,E,F. Here two hexadecimal digits
can be used to specify a byte of data.

Special conversion tables can be used to convert numbers from one number
system into another. For example, using Binary to Decimal Conversion Table, we can
see that the weight of a binary unity in a binary number depends on its position and
may be 1, 2, 4, 8, 16, 32, 64, and so on. Examining Binary to Decimal, Binary to
Octal, and Binary to Hexadecimal Conversion Tables, we come to the conclusion that
the most economical number system is hexadecimal.

Comprehensive Text-Related Glossary

number systems ['namba] - cucteMsl curCIIeHHS

numerical values [nju:'merikal 'veelju:s] - uncaeHHbIC BETMYUHBI

power ['paus] - creneHb, pe3yabTaT BO3BEACHHUS B CTCIICHD

base number [beis 'nambs] - ocHoBaHKe cUCTEMBI CUKCICHUS

suitable ['sju:tobl] - moaxomsmuii, ynoOHbIi

counting [kauntin] - cyer, moacyeTs

binary number system ['bainori] - nBonuHas cucrema cunciacHus (OCHOBaHHUE - JIBA)
stable states ['steibl] - ycroituussie cocrostHus (TpHurrepa)

drawback ['dro:bzk] - HegocTaTok

notation [nau'terfan] - 3amwuck (uncen)

presentation [,prezen‘teifon] - npeacrapienue (ducen)

octal number system ['oktal] - BoceMepuuHas cuctema cunciienus (ocHoBaHuE — 8)
hexadecimal number system [, hekso'desimel] - mectHaamarepuyHas cucrema
cuuclieHus1 (OCHOBaHUE - IIECTHA/IIATh)

the least number of triggers [li:st] - HaumeHbIIICe YKCIIO TPUTTEPOB

Arabic digits ['didzit] - apabckue udps

upper-case letters ['letoz] - 3arinaBHbIe OYKBBI
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to specify [spesi‘fai] - 3amaBaTh, KOHKPETH3HPOBATH

conversion tables [kon'va:[n] -rabnuibl npeoOpa3zoBaHus; TaOIUIIBI IEPEBOIA

In comparison [Kom'perisn] - m0 cpaBHEHHUIO

equivalent [r'kwivalont] - skBUBaneHT (SKBUBAJICHTHAs 3allMCh B JPYrOM CHCTEME
CUHCJICHMS)

15.1. Questions for Arguments and Discussion

1. What are number systems?

2. How do we define base numbers of different number systems?

3. What number system is used by humans? What were the reasons for using this
number system?

4, What number system is need by computers? What were the reasons for using
this number system?

5. Why binary number system is considered as inefficient from the point of view
of the required number of triggers?

6. What is octal number system? What is its base number?

7. Why hexadecimal number system is considered as the most economical from

the point of view of the required number of triggers?

8. What is meant by one digit?

9. What are conversion tables used for?

10.  On what does the weight of the stored logical unity depend?

11.  When do we have to convert numbers from one number system into another?
12.  On what does the choice of a specific number system depend?

15.2. Suggested Topics for Presentations and Reports

1 Criteria for evaluation and choice of number systems
2 Advantages and drawbacks of binary number system
3. Decimal number system in computers
4
5

Hexadecimal number system in office and on-board computers
Number systems data converters

15.3. Aviation Talk

Instructor: Number Systems is the concluding installment in our present series of
Aviation Talks. We are going to discuss the most important and generally used
systems.

Peter: As for as we know, there are only two systems which can be considered as
such. One of them is used by humans, another is used by computers.

Helen: The system which is used by humans is called decimal number system. And
the reason for its appearance is very simple - our ancestors used their ten fingers for
counting.

Instructor: Can you think of any drawback of this system?

Helen: The first drawback is obvious - it needs special converters to be run on binary
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computers.

Peter: | can think of the second - it is not as economical on space and numbers of
triggers as, say, hexadecimal system.

Helen: The second generally used number system is, of course, binary.

Its main drawback is also generally known - it's too long notation of numbers, and,
consequently, too many triggers needed for storing data.

Instructor: Which number system is free from all these drawbacks?

Helen: Oh, it's common knowledge! It is, of course, hexadecimal number system. It
Is used nowadays practically in all home, office, and on-board computers.

Peter: Which computers are most promising for the future?

Instructor: These are high-speed parallel computers. But the arrival of sub-
molecular and molecular level memories is capable to change the whole computer
scene. And this concludes our present installment on Computer Science
Fundamentals.
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MNPUJIOXKXEHUE
ITPABHUJIA YTEHUSI 3HAKOB MEXK/JYHAPOJHON ®OHETUYECKON
TPAHCKPUIILUUMU, ITIPUHATBIX IPA /INTERNATIONAL PHONETIC
ASSOCIATION, GR. BRITAIN/

[IpuBoguMble HIDKE O0IIME TMpaBuja YTEHHS 3HAKOB MeEXIyHapOoIHOU
®onernveckord TpaHCKPUNIIUM TOMOTYT HEAOCTATOYHO 3HAKOMOMY € (DOHETHKOU
AHTJIMACKOTO  SI3bIKa CTYACHTY, NPOrPaMMHUCTY WM HWHXEHEpYy NPaBUIBHO
NPOU3HOCUTHh TPHUBOJIUMBIE B TOJIKOBBIX MPUTEKCTOBBIX CJIOBAPAX TPAHCKPHUIIIUU
CJIOB, TEPMHHOB M MHOM JIEKCUKH, MUCIIOJIb3yEMOW B YYEOHBIX MaTepHalax aHHOIO
noco6us. [Ipu yTeHnr TpaHCKPUIIIIUU JIEKCUKH CIeAYyeT oOpamaTs 0co00€ BHUMaHHE
Ha monrue 3Byku [i:], [a:], [0:], [u:], [8:], [&]. OOmee mpeacraBicHUE O pa3HUIIC
(OHETUYECKOTO CTPOsI JBYX SA3BIKOB JAIOT M3BECTHBIE TIpadUUecKue MOIEIU
anroputmoB s3bika JOVIAL: - jogging (Oer Tpycroii) - muist pycckoro si3bika u Skiing
(6er Ha nBDKAX) - U1l AHTJIMMCKOTO:

Russian speaker........................ jogging model of speech
English speaker... ... ... ..skiing model of speech

Yeprouku B Mojenu Oera Ha JbDKaX COOTBETCTBYIOT JOJITMM 3BYKaM, a TOYKH -
KOPOTKHMM 3BYKaM U YKOPOUEHHBIM MHTEpBajIaM MEXIy HUMH, BECbMa XapaKTEPHBIM
JUTst POHETUKU COBPEMEHHOTO aHTJIMMCKOTO SI3bIKA.

[Ipon3HOCUTENIbHBIE HOPMBI AHTJIMMCKOrO SI3bIKa HE SIBIAIOTCA JKECTKO
(bUKCUPOBAHHBIMU U MOTYT MEHSITHCS, HAIlpUMEpP, OT YHUBEPCUTETA K YHUBEPCUTETY
WM JaXe OT JIEKTopa K JEeKTopy. Tak, ocTraBasch B paMKax MPOU3HOCUTEIbHBIX
HOpM, KOTOpbIM cienyeT Jlunradouueiit MucTUTYT BenukoOpuTaHuM U JTUKTOPHI
BBC 1 CNN, MOXHO OTMETHTB, YTO B HEKOTOPBIX CIIy4asX Takue 3BYKH, Kak [3], [d],
[t] MmoryT OBITH (haKyIbTATHBHBIMHU, T.€. HEOOS3aTCIbHBIMH ISl MPOW3HOIICHUS, W
MHOT/Ia BBIICISITECA B COBPEMEHHBIX CJIOBApsiX C MOMOIIBIO KypcHBa JIUOO KPYTJIBIX
CKOOOK.

(a) 'JTACHBIE 3BYKH

B paznene npuBOAsSTCS pyCCKHE aHAJIOTH AHTJIUMHCKHUX 3BYKOB M IMOCJE TOYKH C
3aIATON - AaHTVIMMCKUE IPUMEPBHI.
[i] - monrwmii 3ByK U; tree
[1] - xpaTkwmii, OTKPBITHIN 3BYK U; it
[e] - kak » B cmoBax »TOT, SKMIA; et
[®]- Oosee OTKPBITHIM 3BYK, YeM 3 (3aHUMAET MPOMEKYTOUHOE MOJIOKEHUE MEXKIY
PYCCKHMH a U 51; Map
[a:] - nonruii, rIyOOKuUH 3BYK &; car
[0] - kpaTkwii, OTKPHITHIN 3BYK O; POt
[0:] - monrwmii 3Byk 0; walk
[0] - 3akpbITHIN, KOPOTKHIT 3BYK O, OOJIBIICH YacThiO BCTPEYAIOIIMICS B AU(PTOHTAX,
3aHMMAET MPOMEKYTOYHOE MOJIOKESHUE MEXKITy PYCCKUMU O 1 y; low
[u] - kopoTkuii 3ByK “y” B mu(TOHrax, MPOU3HOCUTCS CO CJIAOBIM OKPYTIJICHHUEM T'y0;
tone
[u:]-monrwmii 3ByK y; move
[a] - xpaTkuit rmacHBIl 3BYK, MPHOMKAIOIIMIACA K PYCCKOMY a B CJIOBaX BapHTh,
OpaHuTh. DTOT aHIIIMICKUI 3BYK BCEr/la CTOUT O]l ylapeHuem; Cut
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[5:] - moyrmit racHbI 3BYK, HAITOMUHAIOIIHMH JTOJITHIA 3BYK 3; WOrk
[2]- Oe3ynapHBIit rTacHbIH 3BYK, MPUMEPHO COOTBETCTBYIONINH Oe3yIapHOM riIacHOH
B CJIOBax HYXCH, KOMHaTa; Worker

(6) ABYTJIACHBIE 3BYKU - TUDOTOHI'U
[IpuBoasTCS pycCKHe aHAJIOTHU MPOU3HOIICHHS U MOCIIE TOYKU C 3aMsITON -
AHTJIMMCKUE TIPUMEPBI:
[e1] - oi1; take
[ou] - oy; phone
[a1] - ait; write
[au] - ay; round
[o1] - oif; boy
[15] - ua; here
[€9] - »a; there
[ua] - ya; poor

(8) COI'JTACHBIE 3BYKH
[IpuBOASTCS pyCCKHE aHAIOTH MPOU3HOIICHHUS U MOCIIE TOUKH C 3arsTou -
AHTJIIMACKHAE TIPUMEPHI:
[p] - m; poor
[b] - ©; bit
[m]- m; map
[w] — 3ByK, 3aHUMarOIINH TIPOMEKYTOUHOE TOJOXKEHHE MEXTY “yu” U “B”; wind
[a] - ¢; five
[V] - B; vector
[0] [0] - 00a >THX 3ByKa 00pa3yrOTCs MPOCTHIM MPOYBAHUEM BO3/IyXa MEKIY
nepeHUMHU 3y0aMu MPH MPHXKATOM K HUM KOHYHKE SI3bIKa, TIPUYEM TIEPBBIN 3BYK
BOCIPOHU3BOAMTCS O€3 rojioca, BTopoii - ¢ roocoM; think, that
[s] - c; sell
[z] - 3; zero
[t] - T, mpom3HeceHHOE HE y 3y00B, a Y neceH; take
[d] - n, npousHecenHoe He y 3y00B, a y aecen; dot
[n] - B, mpousHeceHHOE HE y 3y00B, a y IcCeH; NOW
[1] - ; load
[r] - p, mponsHecenHOE Oe3 BUOpaIi KOHUMKA s3bIKa; WIong
[/] - w, mpousHecenHoe Msrko; push
[d3]- ox; job
[tf] - 4; child
[K] - x; keep
[0] -, gold
[n] - 1(r), npou3HEeceHHOE 3aHElH YaCThIO A3bIKa; WIONg
[h] - mpocToit BeIIOX; hot

[1]1] - #; year




