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Передмова
Навчально-методичний посібник з англійської мови “Aircraft and Engine Design” призначений для роботи як в аудиторії, так і для самостійної роботи студентів І курсу всіх факультетів.
Посібник складається з одинадцяти розділів, які вміщують тексти, діалоги, лексичні та граматичні вправи на введення, закріплення, контроль засвоєння навчального матеріалу, малюнки, схеми, глосарій основних термінів, який може бути використаний як мовний матеріал для перекладу та опису понять.
ВІ розділі дається огляд та загальна характеристика основних конструктивних частин літака, а П - VI розділи присвячуються детальному ознайомленню та опису кожної частини літака: І - Principle Structural Units of the Airplane, П - Fuselage, ПІ - Wing, IV - fail Unit, V - Landing Gear, VI - Power Plant. VTI - X розділи надають спеціальну сучасну інформацію про основні компоненти газотурбінних двигунів, а в останньому розділі описуються всі типи двигунів, їх конструкції та функції.
Тексти супроводжуються словниками спеціальних термінів, важких для розуміння слів та словосполучень. Термінологічні словники допоможуть студентам перекладати тексти, пов’язані з авіаційною лексикою. Післятекстові вправи дають змогу краще засвоїти не тільки специфічні терміни та правила словобудування, а й такі важливі розділи англійської граматики, як Active and Passive Voice, Simple, Progressive and Perfect Tenses, Modals, Verbals,
I /Affirmative, Interrogative and Negative sentences.
Лексичні вправи включають завдання на підбір ухраїнсько- I англійських термонологічних еквівалентів, синонімів, антонімів,
І складання та переклад термінологічних словосполучень, переклад ланцюжків” спів з іменниками у функції лівого означення, переклад І багатозначних слів, на розвиток комунікативних навичок висловлювання, узагальнення та аргументації, проведення дискусій І та рольових ігор.
Навчальний матеріал взято з оригінальних журналів “Flight”, “Interavia”, “Aircraft Design and Maintenance” та ін.
Unit 1. PRINCIPAL STRUCTURAL UNITS OF THE AIRPLANE
Dialogue
T. We’ll consider Are principal structural units of the airplane. Look at the picture (Fig. 1.1). Ibis is an airplane.
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Figure 1.1
T. Do you know the meaning of the word ‘airplane’?
S.
Yes, I do. It is‘літак’.
T.
You are right There are some words in the English language which
have the same meaning. They are aircraft, airliner and aeroplane, plane, for short.
S.
What does the airplane consist of?
T.
The airplane consists of five principal structural units: the fuselage,
the wing, the tail unit, the landing gear and the power plant. The wing means ‘крило’. It is the main plane of die aircraft. The word 'plane' has two meanings ‘літак’ та ‘площина’.
S What is the function of the wing?
T. The function of the wing is to support an airplane in the air and to create lift.
S.
What is the function of the fuselage?
T.
The function of the fuselage is to cany passengers, crew, cargo, equipment and to support the wing, tail unit and engines in some designs. It also carries the landing gear.
S.
What is the meaning of the word ‘crew’.
T.
It is ‘екіпаж’. ‘Cargo’ means ‘вантаж’. The Ukrainian for ‘tail unit’
is ‘хвостова частина’. There are some synonyms to it They are: the tail assembly, tail, empennage, fin assembly. The word ‘engine’ means ‘двигун’. The ‘landinggear’ is ‘шасі’.
S.
What is the function of the tail unit?
T.
The function of the tail unit is to provide directional stability and
control of the airplane in flight.
S.
What is the function of the power plant?
T.
The power plant is a source of power
S.
What is the function of the landing gear?
T.
The landing gear supports the airplane on the ground and its function
is also to absorb shocks of landing. 1 am sure you know the meaning of the word ‘land’ and ‘landing’ means ‘посадка’.
Exercise 1. Say with the teacher:
a [ei] - plane, flame, place, same, base, change, shape, range, make, came, case;
a [ae] - canopy, hatch, passenger, cabin, panel, fan, cany, taxi, factor, land, ladder, gas;
] - airplane, aircraft, airframe, airfield, airproof, airtight, airline, airliner,
t, d + ed [id] - riveted, provided, divided, welded, located, extended, operated, accommodated;
s [ s ] - elements, flights, parts, shapes, types, rivets, compartments, arrangements, frameworks, equipments; s [ z ] - skim, rings, spars, cabins, windows, stringers, airplanes, bulkheads, longerons, members, structures; es [ iz ] - uses, sizes, noses, places, hatches, classes, fuselages, surfaces, purposes.
Exercise 2. Remember the pronunciation of the following words and translate them:
component [Kam'pounant ], configuration [kanJkjjuVe't [an ], section [ 'sekj'sn ], ftiselage ['iju -zilaj], circulation [.sekju'[ei]dn j, longeron ['(ont^aran], tonnage ['ілпісі.3 J, stringer [ 'strings ], monocoque fmonakok ], mechanic [mi 'kaeni k ], parachute ['paerMu.t j, chassis [ Jaesi ], machine [mVjr.n ], generator ['djengreitg ], calculation l,taelkju'teijan], calibration|i\9?!.i'breijan], aileron feiUnn], engineer i'enctynig], container [toan'leina], pilot ['palUt], centre ['sent* ], class [Kla'.s], navigation [„naevi'geijan].
Bxercise 3. Translate derivatives with the following word-building suffixes.
Nouns
er: designer, manufacturer, carrier, booster, container, fighter, stabilizer, trainer;
· or: constructor, navigator, operator, elevator, generator, indicator, regulator, collector;
· ion: combustion, construction, deflection, ignition, inspection,
instruction, reflection;
· (3)tion: adaptation, application, classification, determination, exploration, formation, identification, installation, observation;
· sion: corrosion, decision, division, explosion, provision;
--
(ss)ion:
compression, discussion,
expression,
submission,
transmission;
· mesnt:
arrangement, compartment,
attachment,
department,
employment, equipment, movement, development;
· ance: appearance, assistance, disturbance, guidance, performance,
insurance;
· ence: dependence, difference, existence, occurrence, reference ,
insistence;
· ity: activity, equality, intensity, productivity, sensitivity, accessibility, capability, controllability, flexibility, possibility, reliability, visibility, availability.
Adjectives
able: adjustable, changeable, considerable, favourable, movable,] reliable, remarkable, steerable, valuable;
· ive: active, attractive, constructive, corrective, creative, effective,) expressive, intensive;
· al: accidental, centrifugal, continental, experimental, formal, frontal, fundamental, global, industrial, normal, operational, orbital, sectional,] structural.
Adverbs
- ly: continuously, completely, experimentally, manually, simplyJ slowly, permanently, badly, directly, necessarily, nearly, really!
unfortunately, aerodynamically, mechanically, physically, scientifically, symmetrically, technologically, theoretically.
Exercise 4. Translate the words with prefixes having negative meanings.
anti: anti-aircraft, anti-atom, anti-gravitation, anti-icer, anti​missile, anti-rocket, anti-submarine, anticyclone, anticlockwise;
counter:
counteraction, counteraircraft, counterattack,
counterblow, counterfigther, countermeasure, countermissile, counterradar, counterrocket;
de: demagnetize, deatomize, decentralize, demilitarize, depressurize, deactivate;
dis: disadvantage, disarmament, disconnection, dislocation, disorder, disorganization, discontinuance;
in: inactive, incombustible, incontrollable, incompressible, incorrect, independent, ineffective, insensitive, invisible;
ir:
irregular, irrespective, irresponsible, irrelevant,
irreversible, irreparable;
non:
nonatomic, nonaxial, nonlinear, nonmilitary,
nonairtight, nonstationary, nonturbulent, non-nuclear, non-standard, non-stop, non-flammable;
un: unaccelerated, unnamed, unbalanced, uncontrolled, uncorrected, unlimited, unpowered, unstabilized, unpressurized, unacceptable, uncertain, unequal, unstable, unsymmetrical.
Exercise 5. Translate the following word groups (adjective-noun-verb): wide-width-widen, broad-breadth-broaden, deep-depth-deepen, long-length-lengthen, strong-strength-strengthen, high-height-heighten, short-shortness-shorten, weak-weakness-weaken, dark-darbiess-darken.
Exercise 6. These words are used both as verbs and as nouns. Translate and remember them:
to design - design to form - form, to hatch - hatch, to control - control, to place - place, to need - need, to rivet - rivet, to weld - weld, to heat - heat, to advance - advance, to brace - brace, to stress - stress, to machine - machine, to shape - shape, to drug - drug, to shell - shell.
Exercise 7. Define the parts of speech and translate.
a) design-designer-designed, contain-container-containable, locate-locator-Iocation, prevent-preventer-prevention, construct- constructor-construction, provide-provider-provision, divide-divider- division, arrange-arranged^arrangement, weld-welder-welding;
b) width, strengthen, assistance, airtightness, longitudinal, principally, compartment, manufacturer, accessibility, effective, navigator, covered, consists, transversal, providing, reinforced, corrosion, performance, compression.
Exercise 8. Translate die antonyms.
a) suitable-unsuitable, advantage-disadvantage, regular- irregular, pressunzed-unpressurized, necessary-unnecessary, usual- unusual, possible-impossible, airtight-nonairtight.
b) longitudinal-transversal, internal-external, tensile- compressive, stationary-movable, front-rear, port-starboard, rigid-soft.
c) to extend - to retract, to heat - to cool, to lower - to raise, to reinforce - to weaken, to push - to pull, to open - to close, to extinguish fire - to set fire, to compress - to release.
Exercise 9. Read mid translate text 1.
Text 1. Principal Structural Units of the Airplane
The airplane consists of five principal structural units: the fuselage, the wing, the tail unit, the landing gear and the power plant.
The fuselage extends from the nose to the tail of the airplane. It houses passengers, crew, cargo and equipment. It supports the wing, tail unit and sometimes engines. The fuselage also carries the landing gear.
The wings are lifting and supporting surfaces of the airplane m flight. The function of the wing is to support the airplane in the air and to create lift.
The function of the tail unit is to provide directional stability and control of the airplane in flight. The tail unit consists of two surfaces, vertical and horizontal.
The function of the power plant is to provide power for flight and to propel the airplane.
The landing gear supports the airplane on the ground and its function is to taxi the aircraft on the ground and to absorb the energy of landing.
Exercise 10. Translate word combinations with the term ‘aircraft’, civil aircraft, cargo aircraft, military aircraft, passenger aircraft, ambulance aircraft, commercial aircraft, sea aircraft, cargo-passenger aircraft, long-range aircraft, forest patrol aircraft, mail-carrying aircraft, search and rescue aircraft
Exercise 11. Translate ‘noun + noun’ word-combinations, aircraft engine, air flow, design principles, fuel tank, shock absorber, control unit, air pressure, fuselage skin, oil system, rocket engine, helicopter rotor, airplane speed, engine operation, flight condition.
Exercise 12. Match the synonyms, aircraft
speed
wing
source of power
tail unit
undercarriage
landing gear
main plane
power plant
empennage
fuselage
airplane
velocity
central body
Exercise 13. Translate verb-combinations.
to consist of structural units, to extend from the nose to the tail, to support the wing, to carry cargo, to create lift, to provide directional stability, to control the airplane in flight, to propel the aircraft, to absorb the energy of landing, to taxi on the ground.

Exercise 14. Make the following sentences interrogative and negative.
1. The fuselage is the central body of the airplane. 2. We divide the aeroplane into five principal structural units. 3. The power plant provides power for flight 4. The tail unit consists of two surfaces, vertical and horizontal. 5.The wing extends equally on each side of the fuselage.
Exercise 15. Say if the following statements are true or false. If they are wrong, correct diem.
1. The airplane consists of two principal structural units. 2. The tail unit supports the wing. 3. The function of the power plant is to create lift. 4. The wings are not lifting and supporting surfaces of the airplane in flight. 5. The fuselage controls the airplane in flight.
Exercise 16. Make up sentences with the following words.
unit, tail, crew, cargo, equipment, engine, flight, lift, stability, control,
ground, landing.
Exercise 17. Answer the questions.
1. What units does the airplane consist of? 2. What does the fuselage сшту? 3. What supports the tail unit? 4. What provides directional stability of die airplane in flight? 5. What propels the airplane?
Exercise 18. Read and translate text 2.
Text 2. Airplane Structure
The airplane, engine-driven vehicle can fly through the air supported by the action of die air against its wings. Airplanes are heavier than air. Airplanes generally share die same basic configuration - each usually has a fuselage, wing, tail, power plant, landing gear, and a set of specialized control surfaces mounted on the wing and tail.
The fuselage is the main cabin, or body of the airplane. Generally the fuselage has a cockpit section at the front end, where the pilot controls the airplane, and a cabin section. The cabin section may be designed to cany passengers, cargo, or both. In a military fighter

plane, the fuselage may house the engines, fuel, electronics, and some weapons.
All airplanes, by definition, have wings Some are nearly all wings with a very small cockpit. Others have minimal wings, or wings that seem to be merely extensions of a blended, aerodynamic fuselage, such as the space shuttle.
Most airplanes, except for flying wings, have a tail assembly attached to the rear of die fuselage, consisting of vertical and horizontal stabilizers, which look like small wings; a rudder, and elevators. The components of the tail assembly are referred to as the empennage.
All airplanes must We some type of landing gear. Modem aircraft employ brakes, «heels, and tires designed specifically for the demands of flight.
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Exercise 19. Paraphrase the sentences according to the model.

1. The fuselage houses passengers, crew, cargo and equipment.
7. The wings support the airplane in the air and create lift. 3. The tail unit provides directional stability and control of the airplane in flight.
4. The landing gear supports the airplane on the ground. 5. The power j plant provides power for flight and propels the airplane.
Exercise 20. Match the terms and the definitions.
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units which furnish means of supporting and steering the aircraft on the ground or water
vertical and horizontal surfaces main cabin
lifting and supporting surfaces engine-driven vehicle source of power
И

Exercise 21. Give defmitio^ro the following terns, aircraft, fuselage, wing, empennage, landing gear, power plant.
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Exercise 22. Find in text^l jfenw>rds that may be used both as nouns
Exercise 23. Comment on text 2 using the following words.
In my opinion
The point is that
To my mind
The key-note of the text
I would say
It is right that
As tar as this problem is concerned I don’t quite agree with
Exercise 24. Speak on:
1, Aircraft structure.
2. Functions of aircraft structural units.
Exercise 25. Translate text 3 in writing.
Text 3. Aircraft Performance
The aircraft performance includes dimensional data and the main flying characteristics.
Dimensional data are length, wing span, height and width. The main flying characteristics are maximum take-off weight, maximum landing and payload weight, passenger capacity or number of seats, number of crew, cargo capacity, cruising speed, flight range, flight altitude, non-stop flying time, practical ceiling or service ceiling, engine type and thrust of each engine, number of engines, take-off and landing ground run, maximum fuel capacity, etc.
The aircraft usually takes the name of the designer or manufacturer. Here are some of the aircraft designers: Antonov, flushin, Tupolev, Yakovlev. Manufacturer’s names are represented by: Boeing, Bristol, Canadair, Convair, Douglas, Lockheed, Vickers and others. Following the name of the designer or manufacturer comes a type code, known in some airlines as a class. For example: Antonov-70 (designer’s

name and type code), Douglas DC-бВ (manufacturer’s name and type code), etc.
The aircraft can be supplied in some versions: Economy- Class, Business-Class and First-Class.
Exercise 26. Copy out aviation terms from text 3.
Exercise 27. Answer the questions.
1. What dimensional data does the aircraft performance include? 2.What are the main flying characteristics? 3 The aircraft usually takes the name of the designer, doesn’t it? 4. What is the type code? 5. What versions can an aircraft be supplied in?
Exercise 28. Speak on “Aircraft performance”.
Exercise 29. Remember aircraft performance data.
7/7-200
First flight: June 12,1994 Model number: 777-200 Classification: Commercial transport
Span: 199 feet 11 inches Length: 209 feet 1 inch Gross weight: 506,000 pounds Cruising speed: 615 mph Range: 4,210 to 8,270 miles Ceiling: 37,900 feet
Power: Two 74, 500-/77,200-pound-thrust P&W 4074/4077 engines, two 74,500-/76,400-pound-thrust GE 90-75B/76B engines, or two 74,600-/76,900-pound-thrust RR Trent 875/877 engines Accommodation: 305 to 440 passengers
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AN-124
Cargo cabin dimensions: Length: 36 m

Width: 6.4 tn Height: 4.4 m km/hr
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Maximum take-off weight: 405,000kg Maximum cargo capacity. 150,000kg km
Engine type and power: D-l 8T
4x230/4x23,400kg
Cruising speed: 800-850 km/hr
Flight altitude: 10,000 - 12,000 m
Flight range with maximum cargo: 4,500 km
Maximum flight range: 16,500 km
DarkStar UAV
First flight: March 29,1996
Classification: Experimental unmanned aerial vehicle
Span: 69 feet
Length: 15 feet
Range: 500 nautical miles
Ceiling: Greater than 45,000 feet
Power. Single turbofan engine
Accommodation: Unmanned
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Figure П.1
T. This is the fuselage. The fuselage is the largest element of the airplane. The fuselage is the rigid framework. ‘Rigid framework’ is ‘жорсткий каркас’. The rigid framework is built of tubular steel and metal rings. ‘Tubular steel’ means ‘трубчата сталь’.
So, what is it built of?
S.
The fuselage is the rigid framework built of tubular steel and metal
rings.
Ї. Quite right. The framework is covered with a skin. ‘Skin’ means ‘обшивка’. The skin should be thin-walled. “A thin-walled skin’ is ‘тонкостінна обшивка’. I am sure that you know what material the skin may be made of.
S.
The skin may be made of fabric, metal, glass or other material.
T.
You are right. The framework itself consists of longitudinal and
transversal members The longitudinal members are stringers.
T. Look at this picture (Fig.II.2).
Figure П.2

T. You can see transversal members. Transversal members are formers and bulkheads. ‘ Former’ means ‘шпангоут’. ‘Bulkhead’ is ‘переборка’. Formers and bulkheads are used to maintain the circular cross section of the fuselage. ‘Circular cross section’ is ‘круглий профіль’. The formers serve as a support for stringers and skin. Longitudinal and transversal members will make the contour of the fuselage.
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Exercise 1. Remember the pronunciation and meanings of the following words:
extend - простягатися
machine - машина; мехаяізм;літак
in outline - у загальних рисах
streamlined shape - обтічна форма
drag - лобовий опір
vary - мінятися; змінюватися
arrangement - розміщення; розташування
rigid framework - жорсткий каркас
tubular steel - трубчата сталь

ring - кільце
thin-walled skin - тонкостінна обшивка
longitudinal - повздовжній
transversal - поперечний
stringer - стрінгер; повздовжня балка
former - шпангоут
bulkhead - перегородка
monocoque - монокок (тип конструкції фюзеляжу з працюючою
обшивкою)
semimonocoque - напівмонокок, напівмояококовий, балочно-
стрингерний
shell - оболонка
hollow - пустотілий
eliminate - усувати
bracing - розтяжка; кріплення
rivet - заклепка; клепати; з'єднати заклепками
reinforce - підсилювати
hold apart - утримувати на відстані
weld - зварювати
cockpit or flight deck - кабіна екіпажу
canopy - ліхтар (кабіни екіпажу)
hatch- люк
pressurized - герметичний; герметизований
Exercise 2. Read, translate and retell text 1.
Text 1. Fuselage Construction
The fuselage is the central body of the airplane and the largest element of it. The fuselage extends from the nose to the mil of the I machine. The fuselage is divided into the front fuselage, centre fuselage I and rear fuselage.
Fuselages of all airplanes are similar in general design,
I location and outline. All the fuselages are round structures and have

streamlined shape to reduce the drag. They vary principally in size and in the arrangement of the compartments.
The fuselage is a rigid framework built of tubular steel and metal rings. The framework is covered with a thin-walled skin. The framework consists of longitudinal members (stringers) and transversal members ( fontiers and bulkheads). Stringers serve to stiffen the skin. Formers and bulkheads are used to maintain the circular cross section of the fuselage. These longitudinal and transversal members will make the contour of the fuselage. The fuselages of modem aircraft are of all- metal construction.
There are two main types of the fuselage construction: monocoque design mid semimonocoque. Monocoque is the structure made in the form of a shell. The french word “monocoque” means “ single shell”. It is a hollow construction. In the monocoque design the skin provides its own structural strength, eliminating the need for internal bracings.
The longitudinal members are held apart by bulkheads and formers. Such a construction is called the semimonocoque type of the construction. The reinforced monocoque design uses complete metal formers, normally of welded tubular steel, covered with a metal skin.
The fuselage contains the cockpit or flight deck, passenger cabins, baggage compartments and equipment Pressurized cabins are used in modem aircraft. The cabin windows, canopy, hatches and doors are the most vital parts of the pressurized cabin.
Exercise 3. Translate word combinations with the terms ‘fuselage’, ‘cabin’, ‘deck’.
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pressurized fuselage, unpressurized fuselage, truss fuselage, monocoque fuselage, semimonocoque fuselage, floating fuselage, slim fuselage, stringered fuselage, stub fuselage, round fuselage, ventral fuselage, slender fuselage.
coke-bottle fuselage, double-bubble fuselage, droop-nose fuselage, egg-shaped fuselage, oval-section fuselage, pod-type fuselag rectangular-section fuselage, sharply-nosed firselage, two-deck
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fuselage, beam-type fuselage, hull-type fuselage, area-ruled fuselage, welded steel-tube fuselage, slab-sided fuselage, luggage cabin, freight cabin, crew cabin, airtight cabin, baggage cabin, cargo cabin, passenger cabin, soundproof cabin, forward cabin, bubble cabin, glazed cabin, hermetic cabin, tail cabin, upper- deck cabin, two-seat cabin, two-aisle cabin, aircraft deck, cargo deck, flight deck, upper deck.
[Exercise 4. Match the equivalents.
[жорсткий каркас [тонкостінна обшивка [шпангоут перегородка
і конструкції фюзеляжа з пацюючею обшивкою 5аяочно-стрінгерний фюзеляж розтяжка
ііхтар (кабіни екіпажу)
(повздовжні елементи поперечні елементи (ерметична кабіна
ixcrcise 5. Match the synonyms.
selage Cockpit
^kin
bulkhead bressurized fionocoque luggage [ear fuselage ^pressurized fuselage ieight,
compartment
Exercise б. Fill in this table using the words below.
	Monocoque design
	Semimonocoque
design

	
	


Reinforced monocoque design
stringers, bulkheads, formers, metal formers, welded tubular steel, me skin, single shell, hollow construction, structural strength, need internal bracing, round structure, rigid framework, thin-walled skin, i metal construction.
Exercise 7. Make a brief written summary of monocc semimonocoque and reinforced designs.
Exercise 8. Copy out aviation terms from text 1.
Exercise 9. Explain the difference between the words.
helicopter and airplane; former and stringer; missile and rocka monocoque and semimonocoque; hatch and door; fighter and саггЦ rudder and elevator; submarine and launcher.
Exercise 10. Make up one sentence with each of the following verb- combinations.
I to have a streamlined shape, to reduce the drag, to vary in size, to be similar in design, to be of all-metal construction, to hold apart, to reinforce the skin, to provide structural strength, to use formers, to
I contain the cockpit
Exercise 11. Use the correct form of the verb “ to be “.
|l What... the central body of the airplane?
1.. . going to answer this question.
|2.
. the fuselages of all airplanes similar in general design, location
and outline?
1.. . sure they....
What... divided into the front fuselage, central fuselage and rear
fuselage?
As far as the fuselage ... concerned it... divided into 3 parts.
... there two main types of the fuselage?
Yes,there... .
What... “monocoque” ?
It . , a hollow construction.
... this a streamlined shape?
Yes, it... .
What... called the semimonocoque design?
The cabin windows, canopy, hatches and doors... die most vital parts of the pressurized cabin.
... these longitudinal members held apart by bulkheads and
formers?
Yes, they....
.. stringers riveted to the skin to reinforce it?
0 What... “singleshell”?

Exercise 12. Complete the following sentences with the words given in brackets.
1. All fuselages are round structures and have ... (обтічна форма). 2. The fuselages vary principally in size and in the arrangemen of . .. (відсіки). 3. The
fiiselage is a rigid framework built of tubulai
steel and... (металеві кільця). 4. The framework is covered with... (тонкостінна обшивка). 5. The framework consists of longitudina members (stringers) and transversal members (...) (перегородки n шпангоути). 6. The fuselages of modem aircraft are of (суцільнометалева конструкція). 7. There are two types of the fuselage construction: monocoque design and ... (напівмонококов* конструкція). 8. In the monocoque design the skin provides its owr structural strength, eliminating die need for internal ... (розтяжка). 9. The french word “monocoque” means ... (оболонка). 10. The mos vital parts of the pressurized cabin are the cabin windows, doors,... ara ... (ліхтар кабіни екіпажу та люки).
Exercise 13. Put questions to the underlined words.
1. All fuselages are round structures.
2. All fuselages have a streamlined shape to reduce the drag.
3. All fuselages vary principally in size and in the arrangement of 1 compartments.
3. hi the monocoque design the skin provides its own st strength.
4. The reinforced monocoque design uses a complete metal forme normally of welded tubular steel.
5. The longitudinal members are held apart by bulkheads and formers.]
6. The french word ‘monocoque’ means ‘single shell’.
7. Pressurized cabins are used in modem aircraft.
8. The fuselage serves as a support for the tail unit
9. The fuselage may carry the landing gear.
10. The fuselage is of truly circular cross section over most of its ler

1. Стрингери та шпангоути складають контур фюзеляжу. 2 Стрингери необхідні для підсилення обшивки. З.Шпангоути служать для підтримки стрингерів та обшивки. 4. Існують два основних типи конструкцій фюзеляжу:
монококова та
напівмонокова. 5. Напівмонококова конструкція фюзеляжу широко застосовується в сучасному виробництві, оскільки вона підсилює міцність конструкції, використовуючи внутрішні силові елемента - стрингери та шпангоути, б. У монококовій конструкції обшивка сама забезпечує міцність конструкції, виключаючи потребу у І внутрішніх розчалках. 7. Основною перевагою монококової f конструкції є додаткове місце, необхідне для розміщення вантажу І та людей, оскільки така конструкція є пустотілою. 8. У посиленій [монококовій конструкції застосовуються суцільнометалеві шпангоути, як правило, зі зварної трубчатої сталі, вкриті металевою обшивкою. 9. Всі комп’ютери та навігаційні комплекси [встановлюються в кабіні пілота. 10. Герметичні кабіни [застосовуються для забезпечення життєвих умов для екіпажу та І пасажирів на великих висотах польоту.
lExercise 15. Translate.
1. The monocoque fuselage is made of stressed skin and frames.
2. The monocoque fuselage is a type of construction of a fuselage in which all or most of the stresses are carried by the skin. 3. Monocoque fuselage may incorporate frames (formers) but not longitudinal nembers as stringers. 4. Semimonocoque fuselage is a fuselage in which longitudinal members (beams and stringers) and frames (formers) reinforce the skin and help to carry the stresses. 5. The frames (formers) maintain the shape of the cross-section of the fuselage.
Exercise 16. Answer the questions,
1. What principal structural unit of the airplane extends from the nose to the tail of the machine? 2. What does the fuselage have a

streamlined shape for? 3. Are all die fuselages round structure
4. What land of skin is the framework covered with? 5. The reinfo monocoque design uses complete metal formers, doesn't it? 6. types of the fuselage construction are there? 7. What does the wc “monocoque” mean? 8. What compartments does the fuselage contain] 9. What is the semimonocoque design? 10. What are the most vital pa of the pressurized cabin?
Exercise 17. Read and entitle text 2.
Text 2
The 737 is a metal low-wing monoplane with full cantile wing and tail surfaces, semi-monocoque fuselage and fully landing gear. Its two power plants are located under the wings on: struts. The fuselage is a pressurized semi-monocoque structure forme from circumferential frames, longitudinal stringers and skin “waffle” doublers, which act as tear stoppers. Pressure bulkheads at) forward and aft ends of the fuselage form a pressure vessel.
The fuselage is divided horizontally by the floor, which built up from beams and panels. The primary materials are air alloys. The floor panels are fiberglass aced honeycomb.
Exercise 18. Read, translate and put questions to the subject of < sentence.
The A-310 is a widebody transport powered by two turbof engines. CFM-56-5 engines are installed under the wing. Tv additional fuel tanks are installed in the rear cargo hold to provide additional range. The fuselage has a circular cross section. Basic structure consists of left, center and right wing boxes. The main land gear is a simple, dual-wheel, conventional landing gear designed increase operational reliability and minimize maintenance.

Text 3. The 737-400 Fuselage Sections
Section 1 contains the radar antenna behind a fiberglass- I honeycomb fairing, hinged at the top. Aft of die pressure bulkhead, ■above the floor, are the flight deck and forward entry and galley doors. |Below the floor are the nose gear wheel well, forward eirstair and its эог, and the electronic equipment bay. This section has two lower ccess doors.
Section 2 contains the passenger cabin, with windows etween the frames, and the forward cargo compartment, with a door on
; right side.
Section 3 contains the center and aft portions of the passenger эт with windows between the frames, two overwing escape hatches nd aft entry and galley doors. The 737-400 has four overwing escape itches. The space below the floor includes the wing center section (fuel tank), air-conditioning bays, wheel well, hydraulic bay and aft ?o compartment with a door on the right side. This section «nates at tire aft pressure bulkhead.
Section 4 contains the auxiliary power unit (APU) and izontal stabilizer truss. Access to this section is through a door on і left side, aft of which is the APU access door and APU exhaust.
[ Exercise 20. Read, translate and make the plan of text 4.
Text 4. Passenger Cabin
The passenger cabin must be as comfortable as possible in ier that passengers would not be tired even if the flight is long.
The comfort of passenger cabin includes the following items: efficient specific cabin volume (volume per passenger), comfortable bats, convenient arrangement and equipment of buffets, galley, lardrobes and toilets, good soundproofing, lowering the noise level of

the cabin to available limit, oxygen feeding and maintaining of pressure, sufficient lighting (natural and artificial).
Passenger’s comfort is achieved only when all above mentioned requirements are met.
The size of the passenger cabin is determined by volume ; passenger, hi modem aircraft specific volume is 1.4-2 cu.m, designer must provide sufficient height of a cabin, width of aj and such a seat arrangement which gives a free access to seat st and enough room for passenger’s legs.
Seats may be arranged four, five and even six abreast (t! seats on either side of file central gangway).
Let’s now consider the layout of interior compartments, give passengers an impression of roominess it is necessary to desfc any ‘tube’ effect. To meet this requirement rectangular roof panels, к panels along the upper sidewalls and several partial bulkheads are use The cabin can be divided into several parts: two or three passe cabins and saloons, lobby, wardrobes, buffet or galley, toilet rc cargo holds.
Effective heating and ventilation as well as oxygen fee and maintaining normal air pressure me usually achieved with conditioning systems. Modem airliners are provided with hermetica sealed cabins with the normal air pressure.
Good soundproofing is achieved by using special panelsi fabrics. Luggage holds are usually arranged in the fuselage nose and 1 rear. Two-decked airliners have under-floor cargo holds. Someth they have an unpressurized baggage compartments to the rear of i cabin with a large external door. In some airliners the seats in the re compartments are made easily removable.
Exercise 21. Read, translate and retell text 5.
Texts. Cockpit
The cockpit is one of compartments of the fuselage sit its front part It is a working place of the crew. It accommodates
nbers. Apart from crew members the cockpit houses computers, jpsontrols, instruments, systems and some equipment.
The modem cockpit must be comfortable and spacious. It |inust provide forward-facing (looking) seating arrangement for the j crew Seats are designed for comfort, convenience and efficiency. They must be reclined and adjusted in horizontal and vertical directions. They [are usually installed on a track to provide an easy exit and entry for the [crew, It is recommended that seats for the crew should have sheep-skin [covers. Each seat must be provided with a proper harness.
A glass part of the cockpit is called a canopy. It includes two |kinds of windows front windows and side windows. Front windows sist of a windscreen (windshield) and eye-brow windows. The ldshield must be very strong It is made of a special kind of glass ich has good optical and aerodynamic characteristics. It must be Dvided with a large-scope wipers mid be large enough to provide good sion (view) for the crew. It is electrically heated to prevent ice and fog nation. Side windows are divided into sliding side windows (left and it) and fixed side windows (left and right),
lercise 22. Speak on:
Longitudinal and transversal members of the fuselage construction. Types of fuselage construction.
Passenger cabin.
I. Cockpit.

lift - підіймальна сила
drag - лобовий опір
l eading edge - передня кромка
bailing edge - задня кромка
wing tip - закінцівка крила
root - коренева частина
rectangular - прямокутний
triangular - трикутний
eiiiptical - еліпсоїдний
sweepback angle - кут стрілоподібний
angle of attack - кут атаки
dihedral angle - кут поперечного V крила
angle of incidence ~ кут установки
perpendicular - перпендикуляр(ний)
axis — вісь
longitudinal axis - повздовжня вісь
chord- хорда
speed - швидкість
jet airplane - реактивний літак
relative wind - відносний повітряний потік
distance - відстань
high-wing - високогшан
гпкі-wmg - еередньоплан
low-wing - низькоплан
parasol - крило типу “парасоль”
monoplane, - моноплан
biplane - біплан
muiitiplane - багатоплан

t 2. Read and translate dialogue 1.
Dialogue 1
: at the picture (Fig-Ш. 1), please, at is this?
Figure Ш.1
i wing.
la principal structural unit of the airplane?
rIt is. The wing is the principal structural unit of the
і what is the function of the wing?
action of the wing is to provide lift and support the s in the air.
you are. Look at the wing (Fig.ni.2). You see the leading edge trailing edge (2), the tip (3) and the root (4). Remember the l:the leading edge - передня кромка, ailing edge-задня кромка,
· - закінцівка
|voot - коренева частина крила (shape of the wing may be
lar, triangular, elliptical and ; back. “To sweep” means - іляти’, ”back” -‘назад’,
· [image: image36.png]


sweeepback angle” is 1 стрілоподібності’.

S.
High-speed jet aircraft has a greater sweepback angle, I guess.
T.
That’s right. Now let’s speak about the dihedral angle. It is the at between the wing and a horizontal plane (“the dihedral angle” -1 поперечного V крила). The dihedral angle may be positive negative. The angle of attack is the angle between the chord of1 wing and the direction of the relative wind. The chord is the dis between the leading edge and the trailing edge of the wing. As know the function of die wing is to provide lift. Sometimes lift shoi) be increased. How can lift be increased?
S.
By increasing the angle of attack.
T.
Quite right. There is another wing angle. It is die angle of incidence кут установки крила. It is the angle between the longitudinal axis j the airplane and the chord of the wing. The angle of incidence! fixed. It cannot be changed by the pilot. The airplane may parasol, low-wing, mid-wing and high-wing constructions. (FigJDlJ
low-wing
mid-wing
high-wing
Figure Ш.З
The number of die wings may vary. Now, tell me what the airpl with one wing is called?
S.
It is called a monoplane.
T.
What is the airplane with two wings called?
S.
In Ukrainian it is " біплан".
T.
In English it is a "biplane". A multiplane has many wings, attention to the word beginning with "multi-". It means "many", you translate the word "multinational"?
S.
Багатонаціональний.
T.
You are right. The wing may be made of wood, fabric or metal depends on the design of the aircraft.

3. Read and translate text 1.
Text 1. Wing
Hie wing is the principal structural unit of the airplane. The jjon of the wing is to provide lift and to support the airplane in the s wing has a leading edge, trailing edge, tips and a root Hie shape of tiie wing may be rectangular, triangular, elliptical and t back. The amount of the sweepback angle depends upon the type of riane mid its design. The sweepback angle is the angle between the and a perpendicular to the longitudinal axis of the airplane. High- jet aircraft have a greater sweepback angle. The dihedral angle is le between the wing and a horizontal plane. The angle of attack is le between the chord of the wing and the direction of the relative When an airplane’s angle of attack is so steep that the airflow over pper surface of the wing breaks, lift is lost and drag increases. The і is the distance between the leading edge and the trailing edge of the The angle of incidence is the angle between the longitudinal axis of ilane and the chord of the wing. It is measured by the angle at the wing is attached to the fuselage. The angle of incidence is It cannot be changed by the pilot.
: The position of tire wing may vary. The airplane may have a pa- | high-wmg, mid-wing and low-wing construction.
іе airplanes may be divided according to the number of wings nonoplanes, biplanes and multiplanes. Monoplanes have one wing, aes have two wings and multiplanes have many wings.
The wing may be made of wood, fabric, metal or composite al which depends on the design of the airplane.
rise 4. Translate the following universal words without a dictionary : plane, lift, chord, metal, distance, design, perpendicular, elliptical, 5site, speed, type, component, centre, mechanical, result, ature.
rise 5. Find in text 1 nine words that can be used both as a noun and Give their translation.
Model: house - to house будинок - вміщувати

Exercise б. Find English equivalents in the text:
форма крила, конструкція літака, високоплан, середньої низькоплан, передня кромка, задня кромка, закінцівка, кореї частина, кут установки, багзгоппан, біплан, моног горизонтальна площина, кут поперечного V, повздовжня залежати від, реактивний літак, поверхня крила, стрілоподібності, набігаючий потік.
Exercise 7. Give Ukrainian equivalents to the following
combinations:
structural unit, leading edge, trailing edge, wing tip, root, sha the wing, airfoil, parasol, high-wing, mid-wing, low-wing, swe angle, dihedral angle, rectangular, triangular, steep angle, longit axis, horizontal plane, wing chord, relative wind, angle of incic design of the airplane.
Exercise 8. Answer the questions on text 1.
1. Is the wing principal structural unit of the airplane? 2. the function of the wing? 3. Does the wing consist of the leading i trailing edge, tips and the root? 4. What shapes can the wing 5. What is a sweepback angle? 6. What is a dihedral angle? 7. What j angle of attack? 8. Does the position of the wing vary? 9. What 1 airplanes do we distinguish according to the number of wings? 10. is the wing usually made of?
Exercise 9. .Remember the active vocabulary.
longeron - лонжерон
spar
stringer- стріягер
extend out - виходити зовні
main plane - крило, несуча площина
port (starboard) mam plane - ліве (праве) налівкрило
aileron - елерон
flap -закрилок
box type wing - кршю коробчатого типу multi-spar wing - багатолонжеронне крило sandwich type - багатошаровий тип airfoil - аеродинамічна поверхня (профіль)

> members - елементи, розміщені вздовж крила se members - елементи, розміщені вздовж хорди І лобовий опір I skin - працююча обшивка зтЬ core - сотовий заповнювач іеі - центроплан
10. Read and translate dialogue 2.
Dialogue 2
main structural member of the wing is a wing spar or a beam. Dok at the picture (Fig. ПІ.4), please. What is this?
Figure Ш.4
і a spar.
spar” and "die beam" are synonyms. They mean “ лонжерон”, spar runs along the length of the wing from the fuselage to the ►of the wing. Do you remember the word "long"?
Іовгий”
, you are right. It is an adjective; And the word "length" is a noun, means "довжина”. Now translate “it runs along the length”, se.
і проходять вздовж.
> right. Some designs have one spar and some have two. The wing many spars is called a multispar wing. Can you translate the "multispar? голонжеронний. aember, we have come across such words as "multiplane" and ltinational". Now we know one more ward - "multispar". What is > function of the spar?
’ function of the spar is to cany the main wing load , you are right. Another structural member of the wing

is a nb (Fig.in.5). The rib means "нервюра’. The ribs are attached i the spars. They are chord-wise members, forming the contour of 1 wing.
Figure Ш.5
They are like wing cross-section. The skin covers the wing. Can skin carry air loads?
S.
I think it can.
T.
In case the skin carries the load it is called a stressed-skin constructic The skin is supported by stringers (Fig.UI.6.) In Ukrainian it soi the same - ‘стрінгер’. What direction do the stringers go?
Figure ПІ.6
S.
They go parallel to the spars.
T.
The stringers reinforce the skin. ‘To reinforce’ means ‘підсилюват
Exercise 11. Read and translate text 2.
Text 2. Structural Members of the Wing
The main structural member of the wing is the wing spar or be runs along the length of the wing from the fuselage to the tip of the ’ Some designs have one spar and some have two. They may be mad wood or metal. It depends on the construction. The wing with many>, is called a multispar wing. The function of the spar is to carry the: air load.
The ribs are attached to the spars. They run from the leading the trailing edge, The ribs provide the shape of the wing and ca loads.The skin covers the wing. In case the akin carries the lc called a stressed skin construction. The skin is supported by the st They go parallel and between the spars and reinforce the skin.
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12. Translate the verb - noun pairs: to unite - unit, to provide - provision, to depend - dependence, to
- direction, to lose -loss, to lead - leader, to measure - ement, to attach - attachment, to vary- variety, to divide - to carry-carrier.
13. Translate the word combinations:
depend on the construction, to reinforce the skin, to carry the bad, to go parallel to the spars, to be made of wood, to be made of pto be called a multispar wing, to be attached to the spar.
14. Translate into English.
Лонжерони розташовані вздовж крила від фюзеляжу до вки крипа. 2. Вони можуть бути виготовлені з дерева або 3. Функція лонжерона - нести основне навантаження, іірукція крила залежить від призначення літака. 5. Нервюри |ься до лонжерона 6. Вони несуть навантаження. 7. Стрінгери ють обшивку.
і 15. Put questions to the subject.
IThe stringers reinforce the skin. What reinforces the skin? pi. The ribs form the shape of the wing. 2. The spars ran along jth of the wing. 3. The spars may be made of metal. 4. The Ы go parallel to the spars. 5. The skin covers the wing.
■ 16. Put questions to the underlined part of the sentences.
I wing structure consists of left, center and right wing boxes.
I boxes are built up from front spar, rear spar, stringers, ribs and bad bottom skins.
Meed skin section may be repaired quickly by it’s replacement, в 17.Remember the active vocabulary.
ІфИЛОК
Ip - простий закрилок b - щиток
[flap - закрилок Фаулера

slotted flap - щільовий закрилок auxiliary - допоміжний hinge - шарнір aileron - елерон to take off - злітати landing - посадка, приземлення weight - вага additional - додатковий climb - набирання висоти descent -зниження
Exercise 1S. Read and translate dialogue 3.
Dialogue 3
T. Look at the picture (Fig.IIL7.).These are flaps. The flaps are an surfaces of the wing. The word "auxiliary" means “допої What are the flaps hinged to?
S.
They are hinged to the hailing edge of the wing.
T.
Are the flaps located between the ailerons and the fuselage?
S.
Yes, they are.
Figure Ш.7'
T.
Now let us consider the function of the flaps. When do the operate?
S.
The flaps operate during take-off and landing.
T.
Yes, you are right. In these cases it is necessary to have enough! support the weight of the airplane. Do the flaps provide the main 1
S.
No, I think they provide the additional lift.
T.
Yes, they do. What happens with the drag?
S.
It is increasing.
T.
Is it always useful?
S.
The drag is useful only during landing.
T.
Yes, quite right For taking-off the flap angle should be small: increased lift is obtained with little increase in drag. What he obtain little increase in drag?
S. A small flap angle helps to obtain little increase in drag, I guess. I

you are right in landing flaps play a very important part, as in the increased drag is of great importance. When is drag con- ile?
; is considerable when the flap is well down, re can see that the flaps permit slower and safer flight, lower speeds, steeper angles of descent. "Permit" means їоляти”. The word "safe" means “безпечний”, “steep angle” - кут. “Descent” is opposite to "ciimb" ."Descent" means кення”. What does the word "climb" mean?
|limb” means “набирати висоту”
ation to the translation of the words: slower -повільніше, більш безпечний, lower - нижчий, steeper - крутіший, і flaps permit slower landing speeds? ey do.
fight. That is why die flaps are deflected during landing. They landing on short fields. We may classify flaps according to chanical nature into, plain flap, slotted flap, split trailing edge [ Fowler flap (Fig.m.8),
split flap-4''* fowler: flap ^Slotted flajT^V
['закрилок щиток закрилок Фаулера щільовий закрилок Figure Ш.8
і we classify flaps?
sify flaps according to their mechanical nature.
; to” means “згідно”, hi the plain flap the wing trailing edge cted downward. In the split trailing edge flap the shape of the face of the wing is unchanged when the flap is lowered. The •change" means “міняти”. And with die prefix “un" it has a re meaning. Translate the word "unchanged".
t. The split trailing edge flap creates more drag than the plain tie word "create" means "утворювати". The Fowler flap moves on a track. "Track” means “рейки”. Which of the three aves backward on a track? rier flap does.

T. The slotted flap provides a slot or opening between the wing and ] leading edge of the flap. I think you know how to translate the "open"?
S.
Відчиняти.
T.
And the word “opening” means “отвір”. The word "slot" is Does the slotted flap provide die slot between the wing and the lea edge of the flap?
S.
Yes, it does.
T.
What types of flaps do you know?
S. I know four types of flaps. They are plain flaps, split flaps, Fov
flaps and slotted flaps.
Exercise 19. Read and translate text 3.
Text3. Flaps
The flaps are auxiliary surfaces of the wing. They are hinged toj trailing edge of the wing. The flaps are located between the ailerons j the fuselage.
The flaps are used during take off and landing In order to leave,] ground the airplane must have enough lift to support its weight may be increased by increasing the speed, by changing the attitude of wing or by increasing the camber of the wing. During take-off necessary for the speed to be as high as possible in order to shor take-off run and get into the air as quickly as possible. It is dangerc the airplane to increase the angle of attack too much. So it is possib increase lift by using flaps. When the flaps are lowered the camber o| wing is increased. It increases drag. That is why during take off the j angle should be small.
In landing flaps play a very important role. If the flap is well * the increase in drag will be considerable and the gliding angle greater. So we can see that the flaps permit slower and safer flight, landing speeds, steeper angles of descent. The flaps permit land short fields.
We may classify flaps according to their mechanical nat plain flaps, split flaps, Fowler flaps and slotted flaps. In the plain: trailing edge is deflected downward. In the split flap the shape upper surface of the wing is unchanged when the flap is lowe split flap creates more drag than the plain flap. The Fowler flap backward on a track. The slotted flap provides a slot or opening 1 the wing and the leading edge of the flap.
38

|е 20. Match the synonyms:
pain, obtain, shape, opening, assistance, type, form, make, He, get, work, help, do, operate, unchanged, slot, fast, attitude, [pick, position, kind.
p 21. Fill in the blanks.
The flaps are hinged to
 of the wing 2. The slotted flap
ra slot between the wing and
 of the flap. 3. The airplane
і enough ... to support its weight. 4. When the flaps are lowered wing is increased 5. The split flap creates more ... than the
6. In the split flap the shape of
of the wing is unchanged.
leading edge, the trailing edge, lift, drag, the camber, the upper
Translate from English into Ukrainian.
: flaps are located between airlerons and the fuselage. 2. The jit landing on short fields. 3. The Fowler flap moves backward їА. It is dangerous for the plane to increase the angle of attack і 5. By changing the attitude of the wing we may increase the can considerably increase die drag deflecting the flap
Translate the following sentences.
эилки - це допоміжні поверхні крила. 2. Закрилки вуються при зльоті та посадці. 3. Підіймальну силу можна збільшуючи швидкість, змінюючи положення крила, і кривизни крила. 4. Ми можемо класифікувати закрилки і до їх механічної природи.
Put the questions to the sentences. Begin them with the (don-words.
sion of the flaps increases the effective wing area, area... ?
off flap positions provide high lift and relatively low drag
.. ?
>, flaps produce high lift and high drag E flaps... ?

When airspeed is reduced the flaps automatically return to the і extended position.
When ... ?
Minor damage to a flap lower surface does not require replacement.
Does... ?
Exercise 25. Name the aviation terms and translate the sentences.
1 When the angle of attack is so steep that the airflow ove upper surface of the wing breaks, lift is lost and drag is increase Cantilever wing is a wing supported only where it is attached to| fuselage, without other supports or braces. 3. Pilots avoid too angle of attack which may result in a loss of lift. 4. Trim tabs free| pilot from constantly adjusting the controls in flight. 5. In take offj approach to landing flaps supply greater lift and drag correspond 6 The tips are made of composites with an aluminium leading ed erosion protection
Exercise 26. Match the definitions in the left column with the terms і the right column
1. An airplane with two main planes
monoplane
2. The rearmost edge of the airfoil
stall
3 . The angle between the direction of the relative strut
wind and the chord position of the wing
camber
4. An extension of the wing used to modify its
cantilever i
lift characteristics
drag
5.  A loss of lift
trailing ed
6. An airplane with only one wing
angle of«
7.  A wing supported only where it is attached to the
wing root
fuselage, without other supports or braces
biplane
8. The force acting on an object to resist forward
flap
motion
9. The arching curve of an aircraft wing from the front (or “leading”) edge to the rear (or “trailing”) edge
10. A brace that supports a load, for instance, the structure supporting a wing
11. The point where the wing joins the fuselage or the opposite wing

27. Look at Figure Ш.9. Make sure you remember the terms I to wing high-lift devices.
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Figure Ш.9
1. Vortex generators
2. Wing leading edge extension
3. Inboard slat
4. Center slat
5. Outboard slat
6. Fence
7. Inboard spoiler
8. Inboard flap
9. Center speller
10. Outboard spoiler
11. Flight spoiler (lateral control spoiler)
12. Outboard flap
13. Geared tab
14. Aileron
15. Slat
16. Spoiler

17. Дефлектор
18. Закрилок (основна ланка)
19. Носок, що відхиляється
20. Хвостова ланка
а)
безщшинний закрилок
б)
висувний двощілинний закрилок
в)
висувний однощілинний закрилок
г)
висувний трищілинний закрилок
Exercise 28. Match Ukrainian terms in the left column with English equivalents in the right column.
1. механізація крила
2. аеродинамічна перегородка (гребінь)
3. внутрішній закрилок
4. елерон
5. дефлектор
6. турбулізатори
7. безщілинний закрилок
висувнии двощілиннии закрилок
9. висувний однощілинний закрилок
10. висувний трищілинний закрилок
11. зовнішній закрилок
12. передкрилок
13. внутрішній передкрилок
14. зовнішній передкрилок
15. носок, що відхиляється
Exercise 29. Translate text 4 in written form.
Text 4. Wing construction
The aeroplane wing does not consist of one single piece from| wing tip to the other, as be manufacture and assembly of such a' difficult. In addition, it is a difficult and costly business to rep!
42

part of such a wing. Usually the wing consists of three main They are: the colter section (or center panel) which extends fuselage and projects outward at each side, and the outer main outer panels). The center panel may be an integral part of the і or it may be a separate unit. When it is a separate unit it fits so the fuselage as if they are one unit The outer panels subdivide to their respective components, such as main planes proper, * flaps and wing tips. The wing tips are small units bolted to die of the outboard panel. This construction provides an easy ' correcting damage.
aileron construction is similar to the wing construction. The are large airfoils hinged to the trailing edge of the wing. There ftypes of flaps: plain flaps, split trailing edge flaps, slotted flaps, ■ flaps.
plain flap when in neutral position appears almost to be a part ; itself, but its hinge permits it to move downward as desired, split trailing edge type the lower half of the wing can deflect The upper part of die trailing edge of the wing may deflect increase the drag, without increasing the lift. With the slotted itire rear part of the airfoil can deflect downward.
Fowler flap is an arrangement by which the lower part of the ge of the wing rolls back on a track. This movement increases Ive width of the wing.
wings may have slots. Slots are passes through the airfoil ng edge. The slots help to maintain proper flow of air above . and this permits the aeroplane to fly at a higher angle of attack.
j30. Fill the gaps with the words given in brackets.
The aeroplane wing does not consist of... from one wing tip |er. 2. The center panel may be ... of the fuselage or it may be a nit. 3. The outer panels are subdivided into main planes proper and wing tips. 4. The aileron construction is similar to the [5. Slots are ... through the airfoil near the leading edge.
: single piece, passages, an integral part, construction).
І31. Answer the questions on text 4.
1. Why doesn’t the aeroplane wing consist of one single piece? [ are three main sections of the wing? 3. What wing section |cross the fuselage? 4. What are wing tips?

Exercise 32. Read and translate text 5.
Text 5. How an Airplane Flies Hie shape of a wing determines how it will perform in a strea air. A flat shape fights air flow, causing drag (resistance). A shape allows air to flow smoothly around it
The upper side is curved and the under side is straight or straight. The propeller pulls the airplane at high speed through the air j A wing that is curved on top and flatter on the bottom creates^ The air passing over the top surface has a longer distance to travel J therefore moves more quickly creating less pressure than the sic flowing below the wing. The air below the wing exerts pressure up\ causing lift
When air flowing over the top surface of a wing is faster air running on the bottom surface, the pressure on top is lowered.] greater pressure from below propels the wing up into the low pr area, creating lift.
If the wing is tilted upward (when the nose of the plane point lift increases But too steep a tilt causes wing stall or a complete lc lift
Exercise 33. Answer the key-questions on text 5.
1. What wing creates lift? 2. What may propel the wing What cause a complete loss of lift?
Exercise 34. Match the word-combinations
Ukrainian equivalents in the right column.
multispar wing
center panel / section
integral fuel tank
wing attachment (to fuselage)
wing spoiler
slat
two-spar wing variable sweep wing wing with high-lift devices
cantilever wing wing surface

|5. Look at the picture (Fig.IU.lO). Make sure you remember elating to wings.
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Figure ШЛО
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Пряме
Трапецеїдальне Трикутне
Трикутне з перемінною стрілоподібністю Оживальної форми Зі змінною геометрією (стрілоподібністю) в польоті Стрілоподібне (з прямою стрілоподібністю) стрілоподібне (з перемінною стрілоподібністю)
Кут стрілоподібності біля передньої кромки Кут стрілоподібності біля line (at 25% of chord) лінії чвертей хорди il sweep angle
Кут стрілоподібності
горизонтального оперення sweep angle
Кут стрілоподібності
вертикального оперення

5. Quarter-chord line; 25% chord line
6. Quarter-chord point
7. Airplane longitudinal axis (center line)
8. Leading edge (LE)
9. Wing center section
10. 'inner wing
11. Outer wing (panel)
12. Outer wing (panel)
13. Inboard engine
14. Outboard engine
1. Exercise 36. Match Ukrainian terms in the left column with their equivalents in the right column.
2. трикутне крило з перемінною стрілоподібністю
3. кут стрілоподібності біля передньої кромки
4. пряме крило
5. повздовжня вісь літака
6. трикутне крило
7. внутрішній двигун
8. кут стрілоподібності вертикального оперення
9. крило зі змінною геометрією (стрілоподібністю) в польоті
10. центроплан
11. кут стрілоподібності горизонтального outboard engine
оперення
12. передня кромка
13. зовнішній двигун ІЗ трапецеїдальне крило
14. стрілоподібне крило
(з перемінною стрілоподібністю)
15. стрілоподібне крило
(з прямою стрілоподібністю)

Translate text 6 without a dictionary.
Text 6. Man's desire to fly
Bsire to fly was one of the oldest desires of man. But in old knew little about air. They did not know that life could not
:it.
began to study that phenomenon. Some scientists began to і air and how can a man fly in it?"
reek philosopher Aristotle believed that air had weight and ' bodies which were in the air. Later men of science like • Bacon and Pascal came to the conclusion that air was gas ? higher you went the less its pressure was. That human flight і the fundamental idea of the book by Leonardo da Vinci. In \ famous Italian artist and scientist recorded the first scientific ' human flight. He found that the faster the flow of air, the : was. As a result of these studies he designed a flying devi- irice the pilot had to operate movable wings with the help of [, feet. But the machine did not fly. course of many centuries scientists tried to make a flying ! the development of a practical flying device on a really sis began later. The first flying machine man could control in red only in the 19* century.
Read text 7 and give its summary.
Text 7. A 330 / A 340 Common Wing
340 wing is virtually identical to that of the A 330. Its esents a wing which can support either two or four engines. It conomic cruise requirements of both the medium-range A 330 ;-range A 340.
. 340 wing is the biggest to be designed and built by British for the Airbus family. It has the highest sweep of any Airbus
Dugh similar in overall arrangement, the layout of leading- ? trailing-edge flaps, spoilers and ailerons differs in details - se of the engines. The ailerons are drooped for take off and deflected upwards after touchdown to increase lift dumping ; efficiency.

The most obvious visual difference between the A 330 mid. wings is the latter’s outer engine installation.
Two years of intense three-dimensions computer analysis, with windtunnel studies, has resulted in the A 340 hav wingfengine interference drag than the two-engined A 310.
Exercise 39. Translate text 8 in written form.
Texts. Wings
All airplanes, by definition, have wings. Some are nearly all j with a very small cockpit. Others have minimal wings, or seem to be merely extensions of a blended, aerodynamic fuselage,] as the space shuttle.
Before the 20th century, wings were made of wooden rib spars (or beams), covered with fabric that was sewn varnished to be extremely stiff. A conventional wing has one ori spars that run from one end of the wing to the other. Perpendic the spar are a series of ribs, which run from the front, or leading < the reai; or trailing edge, of the wing. These are carefully cor shape the wing in a manner that determines its lifting properties, and fabric wings often used spruce for the structure, because material’s relatively light weight and high strength, and linen cloth covering.
Early airplanes were usually biplanes—craft with two usually one mounted about 1.5m (about 5 to 6 ft) above the| Aircraft pioneers found they could build such wings relatively^ and brace them together using wires to connect the upper andj wing to create a strong structure with substantial lift. In pv many cables, wood, and fabric through the air, these designs great deal of drag, so aircraft engineers eventually pursv monoplane, or single-wing airplane. A monoplane's single wing j great advantages in speed, simplicity, and visibility for the pilot
After World War 1(1914-1918). designers began moving ! wings made of steel and aluminum, and, combined witi construction techniques, these materials enabled the develc modern all-metal wings capable not only of developing lift j housing landing gear, weapons, and fuel.
Over the years, many airplane designers have postulated i ideal airplane would, in fact, be nothing but wing. Flying wings,| are called, were first developed in the 1930s and 1940s.
48

nanufacturer Northrop Grumman Corporation’s flying wing, nber, or Stealth bomber, developed in the 1980s, has been a as a flying machine, benefiting from modem computer- (CAD), advanced materials, and computerized flight Popular magazines routinely show artists' concepts of flying- rs, but airline and airport managers have been unable to lese unusual shapes into conventional airline and airport
Check if you remember these terms : іьна сила ! - передня кромка (-задня кромка інцівка крила частиш
: - кут атаки
)е - кут стрілоподібності (- кут поперечного V крила епсе - кут установки 1- відносний повітряний потік аисокошган гдньоплан зькоплан ати №
Ж
"і закрилок гок
■ закрилок Фаулера ►щільовий
(ВИСОТИ
гння
Speak on:
[design.
ble parts of the wing: ailerons flaps.

Unit IV. THE TAEL UNIT
Exercise 1. Remember the meaning and pronunciation of these wc to actuate to bank to climb to control to deflect to descend to hinge to lower to push to yaw airfoil accessories control control stick elevator fin
longitudinal axis linkage pitch rudder rudder pedal stabilizer
tail unit (tail assembly, empennage) хвостова частина vertical axis
вертикальна вісь
Exorcise 2. Listen to the recorded text. Read and translate it.
Text 1. The Tail Unit The tail unit is one of the principal structural units of the j and the element of airplane frame. Tail assembly or empe located at the rear of the aeroplane. The tail unit consists of two і

al and the other is horizontal. They are of symmetrical Each is divided into two parts, the front and the rear. The f fixed. The rear part is in the form of a flap. The vertical led the “fin”. It provides directional control of the aircraft in izontal surface is known as the “stabilizer”. ie fin and the stabilizer are very similar to the wings in They are usually of all-metal construction. The vertical [fin provides directional stability of the aeroplane in flight. It the base to which the rudder is attached The rudder is a face hinged to the trailing edge of the fin. It provides ontrol of the airplane in flight, being deflected to the right or prizontal stabilizer provides longitudinal stability of the [flight. It serves as a support for the elevators.
are movable airfoils, hinged to the trailing edge of the al stabilizer. They can deflect downwards and upwards. і control the climb and descent of the aeroplane that is the aircraft about the lateral axis. To cause die aeroplane to ecessary to deflect them upward. When the elevators are preraft begins to descend.
swer the following questions to the text, is the tail unit located? 2. How many surfaces does the [consist of? 3. What parts constitute the fin? 4. What parts lizer consist of? 5. What is the stabilizer similar to? 6. le vertical stabilizer or fin provide? 7. What provides ability of the aeroplane in flight? 8. Elevators are attached \ edge of the tail’s horizontal stabilizer, aren’t they? 9. How ors deflect? 10. When does file aircraft begin to descend? lged to the fin? 12. How can the rudder be deflected?
Comment on the text “The Tail Unit”, using such
las:
ommon knowledge... pinion...
: is (that)...

As far as I know ..
Ithink...
Exercise 5. Translate the combinations with the words rudder,, aerodynamic rudder, movable rudder, adjustable horizontal stabilizer, mechanical stabilizer, vertical stabilizer.
Exercise 6. Match the terms in the right mid left columns: actuate climb descend deflect airfoil
control stick fin
stabilizer rudder elevator
Exercise 7. Say whether these statements are true or false.
1. The tail unit is the element of airplane frame. 2. Tail consists generally of four surfaces. 3. Surfaces constit empennage aren’t of symmetrical airfoil section. 4. Both stabilizer are divided into two parts, the front and the rear. 5. St are very similar to die wings in construction; they are usually fabrics. 6. The vertical stabilizer or fin provides longitudinal; the aircraft in flight. 7. Rudder provides directional control airplane in flight, being deflected upwards or downwards. 8. El are movable airfoils, hinged to the trailing edge of the tail’s stabilizer. 9. The elevators control the motion of the aircraft і longitudinal axis. 10. When the elevators are lowered die aircraft! to descend.

ft Write ail the derivatives of the following words and give pation:
It, to coordinate, to deflect, to determine, to maintain, to push,
приводити в дио приведення в дію силовий привід; рзпсоягка привода який приводить в дію приведені в дію (рулі підйому)
Make word combinations using the words given m lines 1
tail, trailing, longitudinal, horizontal, control, vertical,
pbilizer, stick, assembly, rudder, surface, edge, pedal, axis,
P. Fill in the gaps with the words given in brackets below and sentences.
The vertical stabilizer or fin provides .... of the aeroplane in ith .... are veiy similar to the wings in construction. 3. ... is rear of the aeroplane. 4. The elevator is a .... airfoil. 5. The lizer also serves as the base to which the .... is attached.
irs control the .... of the aeroplane. 7. The horizontal ovides .... of the aeroplane in flight. 8. The climb and ie aeroplane are the motions of the aircraft about the .... axis, empennage, directional stability, movable, rudder, climb longitudinal stability, lateral.)
Dialogue 1
Primary Flight Control Surfaces
ay, that empennage is one of the principal structural units of f What do you know about it?
nbly is located at the rear of any aircraft. The tail unit

consists of symmetrical airfoil sections: vertical and horizontal Each of than is divided into two parts, the front (fixed) and (movable, in the form of a flap). The vertical surface is known і The horizontal surface is called “stabilizer”. The tail unit directional and longitudinal stability of the aircraft in flight.
T. You are quite right. Look at the picture. Can you point the ? and its sections?
S. Sure. Here they are.
\
Figure IV. 1
T. O.K. But today our topic isn’t just tail assembly. We’ll be i about primary flight control surfaces. The term “primary flig surfaces” includes ailerons, elevators and rudder. Elevators are the elements of the empennage, and ailerons are the pa wing.
Let's consider the rudder more concretely. Look at this pict
Figure IV.2
rear of the airplane is the tail assembly or empennage. So, il assembly. It is composed of a fin, which is not movable, er, which is attached to the fin. Here it is in Figure IV.3.
[image: image5.png]



Figure IV.3
ier is a movable part, hinged to the trailing edge of the tail’s It is designed to control the yawing action around the of the aircraft. The rudder can be deflected to the right or to in line with the fin. If it is necessary to turn the airplane to І rudder is pushed to the left. So, what can you say about the
is movable and, if it is turned towards the right while the yards the left, the nose of the aeroplane turns towards the t the plane makes a right turn.
good. What does the nose of the plane do when you turn yards the right?
|of the plane turns towards the right.
If the nose of the aircraft turns towards the right, in which ї the tail turn? і towards the left, plane make a right turn?
quite right. The control surfaces are actuated by means of tiism, which consists of the controls in the cockpit together age and accessories.
Remember these terms: to actuate- приводити в дію controls- органи керування linkage- проводка керування accessories- допоміжні агрегати
Т. Look at this picture. This is the flight control system.
The control stick or column and rudder pedals through the actuate all control surfaces. The linkage consists of cables 1 tumbuckles. The cables are guided through fair-leads and over pu
Figure IV. 4
The word-combinations "control stick” and “control column” same meaning. They are translated as “ручка керування”.
Let’s translate the new terms: tumbuckle
стяжна муфта
fair-lead
вивідна трубка
pulley
блок, шків, ролик
rudder pedal педаль руля повороту.
Т. Let's translate this passage.
Всі органи керування приводяться в дію ручкою: педалями руля повороту за допомогою проводки я Проводка керування складається з тросів зі стяжними Троси приводяться в дію за допомогою вивідних трубок І ]
pushing the left pedal, the pilot makes the rudder move to the the airplane to turn to the left around its vertical axis, the right pedal turns the airplane to the right. The primary r the rudder is to coordinate with the ailerons the movement of t when the plane is banked, i picture.
it
Figure IV.5
[elevators. The elevators are movable airfoils. They are ; the trailing edge of the tail's horizontal stabilizer. Do they jitch?
do. They control the pitch that is the rotation of the aircraft ateral or pitch axis. To cause the aeroplane to climb it is deflect them upward. When the elevators are lowered the і to descend.
rite right. So, they can deflect downwards and upwards.
; Listen to the recorded text. Read and translate it.
Text 2. Flight Control System
to control the airplane while in flight it is necessary to movable control surfaces or airfoils. The airfoils designed by the pilot in order to change the attitude of the airplane are known as primary and secondary control surfaces. By meant the angular position of the airplane in relation to the ne and the vertical plane.
ary group includes ailerons, elevators and rudder. They age the attitude of the aircraft about the vertical, lateral and
tes.
The axis that runs from the nose to the tail of an airplane) longitudinal axis, and the rotation about this axis is called “гоЩ axis that runs from one wing tip to the other wing tip is the lat the rotation about this axis is called “pitch”. The axis, whiclj vertically about the aircraft, is called the vertical axis and the rc about it is called “yaw”
Ailerons are movable surfaces attached to the trailing edge wing, near the wing tips. Ailerons help to bank the aeroplane, they control the roll, or movement around the longitudinal axis, are so connected that when the aileron on one wing is turned aileron on the other wing automatically goes down. If the pilot W0 roll to the right, he moves the stick to the right or turns the wheel I right and the right aileron goes up and at the same time the left ai] goes down increasing the lift on the left side, thereby assisting in 1 action to the right.
The elevators are movable airfoils. They are attached trailing edge of the tail’s horizontal stabilizer. The elevators conta pitch, that is, the rotation about the pitch axis. They can downwards and upwards. To cause the airplane to climb it is ne to deflect elevators upwards. Whoa the elevators are lowered the i begins to descend.
The rudder is a movable part attached to the trailing tail’s vertical fin, and is designed to control the aircraft yawing i around the vertical axis. The rudder can be deflected to the right or| left or lie in a line with the fin. If it is necessary to turn the airpla left the rudder is pushed to the left and vice versa.
Exercise 12. Answer the questions on text 2 “Flight Control Sysfc 1. Why is it necessary to equip an airplane with movable surfaces or airfoils? 2. What is used to change the attitude of the і during flight? 3. What are the airfoils designed to be moved by 1 in order to charge the attitude of the airplane during flight cal] What term determines the angular- position of the airplane in rela the horizontal, vertical and lateral planes? 5. The axis that runs nose to the tail of the machine is the longitudinal axis, and the;
[axis is called “roll”, isn’t it? 6. Rotation about what axis is ph”? 7. What axis runs vertically about the aircraft? 8. What the aeroplane, that is, control its movement around the *1 axis? 9. What must the pilot do, if he wants to roll to the fWhat is it necessary to do to cause tire airplane to climb? іе elevators are lowered the airplane begins to climb, doesn’t at is designed to control the aircraft yawing action around the is? 13. How can the rudder be deflected? 14. What is it і do to turn the airplane to the left?
Match the English and Ukrainian teams: приводити в дію
рухомий аеродинамічний профіль механізм керування ism знижати(ся)
поперечна вісь набирати висоту відхиляш(ся) хвостова частина foil
вивідна трубка
стяжна муфта педаль руля повороту блок, шків руль висоти допоміжні агрегати проводка керування відхилення від курсу крен, віраж
, Put questions of different kinds to the following sentences, adder controls the motion of the aeroplane about the vertical
Mitrol surfaces are actuated by means of control ism.

3) Pressure on the left pedal turns the aircraft to the left.
4) The rudder is attached to the trailing edge of the tail’s vertica
5) The rudder is designed to control yawing of the aircraft.
Exercise 15 Read these words out loud, paying attention to the stre
a) on the first syllable:
aileron, surface, rudder, tail, structure, metal, system;
b) on the second syllable:
construction, internal, externally, control, controlled, about, wit connect
Translate the words.
Exercise 16. Translate the following word pairs.
a) to control - controller; to support - supporter; to protect - protector; to design - designer; to train - trainer; to instruct - instruc
b) to contr ol -controlling, to train - training; to carry - carrying; i airlift - airlifting;
c) importance-important; difference - different; significance- significant; independence - independent; assistance- assistant.
Exercise 17. Give English equivalents to the following terms:
робити віраж, набирати висоту, штовхати, кріпити шарнірах, знижуватися), аеродинамічний профіль, повздовж вісь, поперечна вісь, відхилення літака відносно поперечно! руль повороту, кіль, рискання.
Exercise 18. Make word combinations combining the words of the end 2od groups,
I: trailing, horizontal, rudder, pitch, outer, movable, tail, cont vertical.
П: pedals, stabilizer, axis, edge, elevator, airfoil, assembly, stick, fii
pise 19. Complete the following sentences with the words below.
The elevator is attached to the trailing edge of the
2. The
or controls toe ... around the pitch axis. 3. To cause toe plane to irto the right, toe pilot moves toe ... to toe right. 4. The ailerons help
the airplane. 5. At toe rear of toe plane is toe
6. The rudder
Removable part designed to control toe
 around toe vertical axis
aircraft. 7. The control surfaces are actuated by means of

The primary purpose of the rudder is to ... with toe ailerons toe rent of the aircraft when toe plane is banked. 9. Both stabilizers і very similar to the ... in construction.
horizontal stabilizer, coordinate, rotation, stick, bank, tail ably, yawing action, control mechanism).
rcise 20. Translate into English.
1. Руль повороту - це рухома частина, прикріплена до ього краю кіля. 2. Руль повороту може відхилятися вправо, або знаходитися в одній площині з кілем. 3. Площини рування приводяться в дію за допомогою механізму керування 4. эдка керування складається з тросів зі стяжними муфтами. 5. прокладено через вивідні трубки і шківи. 6. Рулі висоти миляться до заднього краю горизонтального стабілізатора. 7. Рулі можуть відхилятися догори й донизу. 8. Коли рулі висоти впускаються, літак починає втрачати висоту.
rcise 21. Translate text 3 in toe written form.
Text3. Elevators
The elevators are movable airfoils, which are hinged to the zontal stabilizer and used by the pilot to move toe aeroplane around lateral or pitch axis. If one wants to change toe attitude of toe lane and descend, he places the forward pressure on toe control stick.
due to the system of cables connecting the stick to the elevators, *ers toe trailing edge of toe elevators, causing the increase of lift at the L As a result the tail of toe airplane moves up and toe nose moves awards.

The backward pressure on the control stick raises the trailing i of the elevators and causes the nose of the aircraft to move upwards.
Dialogue 2
Secondary Control Surfaces
T. As we know control surfaces are divided into primary and. second surfaces. What are the primary control surfaces used for?
S.
The primary control surfaces are used to control the motion of ] airplane around three main axes.
T.
You are right. Secondary control surfaces are used to trim airplane. Remember the meaning and pronunciation of these words:
згинати, вигинати підвішувати, кріпити на шарнірах врівноважувати, регулювати, балансувати тример
сервотример, сервокомпенсатор компенсатор
штурвал, штурвальне колесо штурвальна колонка, ручка керуванв кривошип, коліно основні площини керування допоміжні площини керування
Figure IV. 6
These are the secondary control surfaces. These are trim tabs. Secor control surfaces include trim tabs, servo tabs, balance tabs. They

lively small airfoils attached to the trailing edges of the primary rol surfaces. A trim tab is used to correct any tendency of the jlane to abnormal attitude of flight without application of pressure rtfie control column or the rudder pedals. Look at this picture.
Figure 1V.7
bis is the elevator trim tab. The elevator trim tab is usually adjustable i inside the cabin in flight by turning a trim wheel or crank.
: at this picture.
Figure IV. 8
,C!Xhat is the rudder trim tab. Trim tabs on the rudder may be either fustable from inside the plane or they may be small sections that must ^adjusted on the ground by bending the section in the proper direction, frim tab permits the aircraft to fly straight ahead without application of sure on the control wheel or rudder pedals. So, what can you say at trim tabs?
Trim tabs are relatively small airfoils attached to the trailing edges of ! primary control surfaces. Trim tabs are used to correct any tendency of the aeroplane to abnormal attitude of flight without application pressure to the control stick or the rudder pedals.
T. Your answer is very good.
Exercise 22. Listen to the recorded text 4. Read and translate it.
Text 4. Secondary Control Surfaces
The primary control surfaces are used to direct the airplane i three main axes. Various other control surfaces are used to trim - or balance - the airplane and provide stability in flight The secor control surfaces are relatively small airfoils attached to the trailing < of the primary control surfaces. They include the trim tabs, servo-t and balance tabs.
A trim tab is used to correct any tendency of the aeroplane abnormal attitude of flight without application of pressure to the contj stick or the rudder pedals.
The balance tab decreases the force, which must be exerted by j pilot to deflect primary control surfaces The balance tab is* connected that when the primary control surface is moved in direction the tab rotates in the opposite direction.
A servo-tab is used to assist in moving a large primary airfoil; holding it in the desired position with the help of a special mechanism.
The secondary control surfaces are actuated by levers, wheels cranks or by connection with the controls of the primary surfaces.
The elevator trim tab is usually adjustable from inside the cabii flight, by turning a trim wheel or crank.
Trim tabs on the rudder may be either adjustable from inside t plane or they may be small sections that must be adjusted on the grc by bending the section in the proper direction.
The rudder trim tab permits the aircraft to fly straight ah^ without pressure on the control wheel or rudder pedals
«erase 23. Answer the questions.
1. What are the secondary control surfaces? 2. What do the jjecondaiy control surfaces include? 3. What is a trim tab used for? ■Ц Does the rudder trim tab permit the aircraft to fly straight ahead ^Without pressure on the control wheel or rudder pedals? 5. b the balance tab so connected that when the primary control surface is moved in any ' ^rection the tab rotates in the opposite direction? 6. How does a balance B(b work? 7. What are the secondary control surfaces actuated by?
8. How is the elevator trim tab adjusted? 9. How is the rudder trim tab adjusted?
Exercise 24. Read these terms out loud and translate them.
a) to direct, to control, to trim, to adjust, to balance, to correct, to decrease, to exert, to actuate, to bend, to rotate;
b) axis, stability, airfoil, edge, trim tab, servo-tab, balance tab, tendency, attitude, application, force, direction, lever, crank, wheel.
Exercise 25. Read and remember these verb combinations:
abnormal attitude- неправильне положення (літака в повітрі);
to provide control - забезпечувати керування;
to lower flaps - опускати закрилки;
to provide stability - забезпечувати стійкість
to consider flight control system - розглядати систему керування
літаком у польоті;
to include trim tabs- включати тримери; to correct, tendency - виправляти тенденцію; to apply pressure - прикладати зусилля;
to change attitude - змінювати положення в повітрі (відносно трьох
осей).
Exercise 26. Translate two- and three- word combinations: control surface
movable control surface
control mechanism
simple wing flap
pitch control
elevator trim tab

trim control surface rudder trim tab primary control surface adjustable trim tab
Exercise 27. Translate the following words without using a dictionary: aerodynamic (a), aileron (n), cabin (n)5 centre (n), class (r comfortable (a), engineer (n), fuselage (n), horizontal (a), vertical (a moment (n), pilot (n), pilot (v), problem (a), effectiveness (n).
Exercise 28. Find the English equivalents of the following won constructions in text 4:
допоміжні площини керування; компенсатор; тример рул повороту; ручка керування; протилежні напрямки; педалі ру повороту; стійкість у польоті; допоміжні площини керуваї сервокомпенсатор; неправильне положення в повітрі; штурвалы колонка.
Exercise 29. Fill in the gaps in the following sentences with the word
below.
1
are relatively small airfoils attached to the trailing ed
of the primary control surfaces. 2. A trim tab is used to correct
tendency of the aeroplane to 
 of flight without application
pressure to the control stick or the rudder pedals. 3
is
adjustable from inside the cabin in flight by turning a trim wheel
crank. 4

 on the rudder may be adjustable from inside the pla
5
 permits the aircraft to fly straight ahead without pressure i
the control wheel or rudder pedals.
(rudder trim tab; trim tabs; elevator trim tab; abnormal attitud
secondary control surfaces).
Exercise 30. Combine the words of two groups to make all possiWj
word combinations. Translate them.
I group: balance, opposite, primary, secondary, rudder, control.
И group: wheel, airfoil, surface, direction, pedal, tab.

if erase 31. Translate the sentences into English.
1 Допоміжні площини керування - це відносно малі і аеродинамічні поверхні, прикріплені до задньої частини основних ршощин керування. 2. Допоміжні площини керування - це тримери [та сервотримери. 3. Тримери використовуються для того, щоб апомагати пілоту оперувати основними площинами керування. 4. Йример руля висоти зазвичай керується з кабіни поворотом штурвала тримера 5. Тример використовується для виправлення ! будь якої тенденції літака до відхилення від потрібного положення f в польоті.
Exercise 32. Translate the words with negative prefixes, in -
: inactive, incompressible, incorrect, independent, ineffective,
invisible, inoperative, indirect, incomplete; да- : unaccelerated, unbalanced, uncontrolled, uncontrollable, unguided, unlimited, unusual, unstable, unsyxnmetrical; non- : non-axial, non-aggresive, non-standard, non-flammable, non​stop;
ir- : irregular, irrational, irreconcilable, irrelevant, irreparable,
irresponsible;
ik : illegal, illegible, illegitimate, illicit, illiterate, illogical; im« : impractical, impossible, immaterial, immature, imminent.
pbrcise 33. Translate the following sentences.
1. Рухомі площини керування діляться на основні та допоміжні. 2. Головними площинами керування є елерони, рулі висоти та руль повороту. 3. Руль повороту служить для того, щоб і ’змінювати положення літака в польоті відносно вертикальної осі. 4. Рулі висоти служать для того, щоб змінювати положення літака в Іямьоті відносно поперечної осі. 5. Допоміжні площини йюрування - це гримери, компенсатори та сервокомпенсатори.
Обертання навколо повздовжньої осі називається “roll”.
7. Обертання навколо поперечної осі називається “pitch”.
І

Exercise 34. Put questions to the underlined words.
1. In order to control the aircraft while in flight it is necessary i equip it with movable control surfaces or airfoils. 2. The primary groii includes ailerons, elevators and the rudder. 3. Hie axis that runs from i nose to the tail is called the longitudinal axis. 4. Rotation about longitudinal axis is called “roll” 5. Rotation of tire aircraft about lateral axis is called “pitch”. 6. Flying crew cany out work connec with aircraft flight. 7. The rudder serves for changing the attitude of | aeroplane about the vertical axis.
Exercise 35. Find synonyms among these words and write them pairs:
ailerons, elevators and the rudder; purpose; pitch axis, control surfaces; aerodynamic surface; tail unit; lateral axis; trim j secondary control surfaces; airfoil; empennage; aim.
Exercise 36. Match the equivalents in the left and right columns.
аеродинамічний профіль кіль
штурвальна колонка, керування руль повороту відхилення від курсу (рї хвостова частиш тример руль висоти вивідна трубка органи керування проводка керування
Exercise 37. Give the definitions to the following terms.
Example. The pilot is a person who flies an aircraft rudder, fin, aileron, elevator, empennage, roll, pitch, yaw, system, primary control surfaces, secondary control surfa control stick, linkage, turobuckle, rudder pedals

tercise 38. Translate text 5 in writing.
Text 5
There are three basic flight control surfaces: the ailerons, the >rs and the rudder.
The elevators are hinged to the horizontal stabilizer and control lane movement up and down about the lateral axis. When the 1 stick is moved forward, the elevators lower, and the airplane and vice versa
.Many newer aircraft possess a different method of controlling the ЦЛЬія method combines the horizontal stabilizer and the elevators ||ngle surface known as die controllable horizontal tail.
39. Translate the following sentences. Pay attention to the і of the modal verbs may and can.
wing of box type can house several fuel tanks. 2. Can flight t expected to arrive in time? 3. The airplane can’t be landed in ras it is snowing there. 4. The young pilot could navigate civil he had graduated from the university. 5. If I had a good id a little more experience in this field, I could translate s. 6. All the necessary certification procedures may be nonth. 7. You may not find any errors in this wing structure, ger you are looking for may be waiting for you at the 2* ^aeroplane may have already arrived in Tripoli. 10.1 shall lufacturer’s instructions so that he can examine them, low something about the flight control system. 12. If the ried, he might have repaired the damaged ailerons in time, can’t control tiie motion of the aeroplane about the lit?
slate the following sentences. Pay attention to the of translation of the modal verbs need, must, should
it of National Aviation University must know [the primary and secondary control surfaces. 2. The

repair the tail assembly must be completed as soon as possible. 3. halat106 tab decreases the force, which must be exerted by the рй 4 ^here is the pilot? - He must be checking the systems of і aeroplane before start. 5. You must have left the books at the Unive 6 (yne ought to be very attentive and careful when testing the Щ control system oЈ the aircraft. 7. Flight engineer should know > specifics of the control surfaces operation. 8. Need he test the fl| cont;rtd and stabilizing surfaces of the aeroplane irmnediat| 9 gtudents should be familiar with the definition of terns “pitch” ancj “roll”. 10. The cargo needn’t have been sent by airplane. 11. crev^ was to finish the flight at 6.30 in the evening. 12. According tol contract, the goods are to arrive at the Lebanon airport at the end of I
weeK
Incise 41. Translate the following sentences into English. attjSption to the translation of the modal verbs.
1.Механік повинен регулярно перевіряти стан сис керування літаком у польоті. 2. Студенти мають знати, що ру ддсіцини керування діляться на основні та допоміжні. 3. Йому! сїї$ було говорити на екзамені, що елерони не належать до плої керування. 4. Щоб керувати літаком у польоті, пілоту оП0рувати його рухомими площинами керування. 5. Полоз цільного апарата відносно вертикальної, поперечної Ш0здовжньої осей можна змінити за допомогою елеронів, ру gjj^OTH і повороту. 6. Ці студента першого курсу можуть не ЗІ щ0 таке тримери. 7. Ви повинні згадати термін, що означає: ді^ка відносно поперечної осі. 8. Тримери слід назі допоміжними площинами керування. 9. Авіаційний спеціаліст: с1ї0чатку пояснити стажисту, що таке “рискання”. 10. Пілот: п0£ернути літак вліво та зменшити висоту польоту. 11. Ступ сК0зав, що може пояснити, як працюють педалі руля повор У2, Він зможе переказати статтю “Руль повороту” без жоді проблем. 13. Він повинен був пригадати, з яких елеме* сК)йцається головна система керування літаком у полі
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ise 42.Translate the following words. Explain the meaning of the

-ward. Which of these words has more than one meaning?
northward, southward, westward, eastward, forward, homeward,
d, downward, rearward, backward.

ise 43, Speak on:

. The Tail Unit.

The Flight Control System.

. The Primary Control Surfaces.

. The Secondary Control Swurfaces.
., The Flight Control Mechanism.





Unit V. LANDING GEAR
Exercise 1. Remember the active vocabulary: auxiliary unit - допоміжний пристрій antiskid system - про гиюзова система brake - гальмо centre of gravity - центр ваги
disarm indicator - індикатор автоматичного керування directional control - управління по курсу indication light - світловий сигнальний пристрій nose over - капотування parking brake - шркувальне гальмо retraction - прибирання шасі selector lever - селекторний важіль steering - рульове керування steering wheel - рульове колесо shock strut - амортизаційна стійка switch - перемикати, перемикач
tricycle landing gear - трьохопорне шасі (з носовим колесом) visibility - видимість
Dialogue 1
Т. Our today’s topic is “The Landing Gear”. We discussed the and general design of die landing gear while speaking about prir structural units of die airplane. Now answer the following questic please. Does the landing gear support the aiiplane on the ground?
S.
Yes, it does. It supports the airplane on the ground
T.
Does the landing gear reduce shocks of landing?
S.
Yes, it does. It reduces shocks of landing.
T.
What are functions of the landing gear?
S.
The functions of the landing gear are to support the plane on the j
and to reduce shocks of landing.
T.
Good. And what types of the landing gear do you know?
3. There are retractable and non-retractable landing gears.
T. What does the landing gear consists of ?
S. It consists of main and auxiliary units.

1 Look at figure V.l.
Figure V.l
The landing gear consists of the main and auxiliary units. Hie main landing gear is attached near the centre of gravity of the machine and forms the principal support of the airplane. The auxiliary landing gear may be either at the tail as a tail wheel or at the front of the fuselage as a nose wheel. You can see the landing gear with the nose wheel in frre picture. It is called the tricycle landing gear (шасі з носовим колесом). The tricycle landing gear is employed extensively as it answers good stability of the plane during take-off run and landing roll and prevents a plane from nosing over in landing. ‘Take-off run” -розбіг під час зльоту; “landing roll” - пробіг під час посадки, “noseover”- лаштування.
.Look at figure V.2, please.
Figure V.2
The tail wheel landing gear consists of the main gear and the tail wheel with the centre of gravity located at some distance to the rear of
J ? the main gear.

Where may the auxiliary landing gear be located?
S.
It may be located at the front as a nose wheel and at the tail as af wheel.
T.
Is the tricycle landing gear employed extensively?
S. Yes, it is. It has some advantages.
Dialogue 3
T. Now we proceed to discussing the main landing gear design. The; landing gear includes wheels, shock absorbers, wheel retracting mechanism and structural members. The term *' absorber” is translated as “амортизатор”, “brake” - гальмо, brakes” - колест гальма, “retracting mechanism” - мех випуску та прибирання шасі.
Main wheels take up to 85 per cent of the weight of a plane, why the main landing gear should be of robust design and in me airplanes each main unit carries a four six >, eight • and even wheel bogie. “Bogie” - візок.
What part of the landing gear are we speaking on?
S.
We are speaking on the main landing gear.
T.
What does the main landing gear include?
S.
As far as I remember, it includes wheels, shock-absorbers, brakes, retracting mechanism and structural members.
What is the Ukrainian for “shock absorbers”, “wheel “retracting mechanism” and “structural members”?
The Ukrainian for “shock absorbers” is “амортизатори”, “re mechanism” is “механізм випуску та прибирання шасі”, brakes” are “колесні гальма”, “structural members” “конструктивні елементи”
T.
What structural members does die main landing gem: include?
S. It includes wheels, shock absorbers, wheel brakes, retract!
mechanism and structural members.
Exercise 2. Read and translate text 1.
Text 1. Landing Gear
The landing gear or undercarriage is one of the main struc units of the airplane. The landing gear provides support for the airpi during static and ground manoeuvring conditions. Structurally it react

airplane loads in three axes and the component forces that are «rated during its motion.
The landing gear usually consists of the main and auxiliary its. The main landing gear is attached near the center of gravity of an lane and forms its principal support. The auxiliary landing gear forms Іщ auxiliary support and as it is far away from the center of gravity of the :hine and less loaded it is made comparatively light
Present day airplanes have a tricycle type landing gear «insisting of two main gears and a nose gear. This design has some antages, namely: it improves visibility during taxiing, reduces the ibility of nose over, makes an airplane more stable during landing as the center of gravity is ahead of the main wheels.
Airplanes having a tricycle type landing gear employ air/oil shock struts. Hydraulic power is used for normal gear extension and .retraction. In a large number of airplanes the gear may be extended manually. Shock strut compression is used for air/ground sensing control end utilizes solid state sensors as does the indication and warning system. Nose wheel steering is available for taxy and take off and for directional control when the airplane is on the ground. A steering wheel gives up to about 78 degrees left and right steering capability.
Brakes are installed on the main gear and may be operated in either manual or automatic mode; an antiskid system is used to increase braking effectiveness.
Landing gear control and indication components include, the landing gear selector lever and indication lights, manual extension handles, parking brake lever and indicator, nose gear steering control wheel, antiskid control switch mid inoperative indicator, and the autobrake control switch and disarm indicator.
> Exercise 3. Answer the following questions on the text.
|)i
1. What is the function of the landing gear? 2. How does the
standing gear react to the airplane loads? 3. What are the main and Нішу landing gear functions? 4. What are the advantages of a tricycle ?e landing gear? 5. What is hydraulic power used for? 6.What is shock л. compression used for? 7.What is nose wheel steering available for? & Where are brakes installed? 9. What is used to increase braking

effectiveness? 10. What do landing gear control and indie components include?
Exercise 4. Using suffixes -er, -or, give nouns which are related following verbs. Translate them:
cany, provide, support, condition, react, load, generate, design, employ, use, compress, sense, control, do, indicate, direct, operate, sejj
Exercise 5. Combine die words listed below into two- or three-i terms.
Example : ground manoeuvring
retraction
landing
airplane
day
nose
load
selector
main
ground
lever
Exercise 6. Say what is true and what is false. Correct the false sent using the following expressions.
I don’t agree with you
I see your point, but 
і
I disagree with you
Nothing of the kind
I am afraid I can’t agree with you
On the contrary
I am afraid Q. think) you are mistaken
l.The landing gear provides support for the airplane manoeuvring conditions. 2. The landing gear usually consists of the i and auxiliary units. 3. The auxiliary landing gear is attached center of gravity of an airplane. 4. The main landing gear is less lc and is made comparatively light- 5. Present day airplanes have a truj type landing gear, that is consisting of two main gears and a nose;
6. Nose wheel steering is available for directional control when]

Jane is in flight. 7. An antiskid system is used to decrease braking iveness. 8. A steering wheel gives up to about 78 degrees left and t. steering capability.
rcise 7. Find synonyms in the text for the following words:
аг, let out, let in, hand operated, fashion, to fix in position, to become er, principle, to place, rear, to supply with, unit, dive, stand by.
rcise 8. Fill in the blanks with the following words or word- binations: shock strut, main gear, nose over, increase, directional rol, manually, steering capability, hydraulic power.
1. The gear may be extended .... 2. A tricycle type landing gear ses the possibility of... during landing. 3. ... is used for normal gear ision and retraction. 4. ... compression is used for air or ground sing control. 5. The antiskid system is used to .... braking Iffectiveness. 6. A steering wheel gives up to about 78 degrees left and fit... .7 Nose wheel steering is available for taxi and take off and for . 8. Brakes are installed on the ... .
rcise 9. Choose tire correct answer.
What is the function of the landing gear? to contain the power plant; to provide stability in flight; to support an airplane an the ground.
How often is the tricycle landing gear employed now? never;
extensively; not often.
Why is the tricycle landing gear employed extensively now? it provides good stability during the take-off run; it provides more clear space for the cabin; it. prevents a plane from nosing over in landing.
Why should the main landing gear be of robust design? it takes up to 85 per cent of the weight of an airplane;
b) it increases visibility during take-off and landing;
c) it provides stability during take-off
Exercise 10. Translate into English.
І.Шасі забезпечує підтримку літака під час сто* маневрування на землі. 2. Основна стійка шасі знаходиться! центру ваги літака та є його основною опорою. 3. Конструкція ] носовим колесом має декілька переваг, а саме: вона nos видимість під час рулювання, зменшує можливість перекида робить літак більш стійким під час посадки. 4. У багатьох лі| шасі може випускатися вручну. 5. Гальма розташовані на оснс шасі і можуть управлятися автоматично або вручну.
Exercise 11. Learn the recommended vocabulary: axis (axle) - вісь beam hanger - вузол кріплення blade seal - обтюратор bogie damper - циліндр-демпфер візка шасі bogie beam - балка візка шасі bracket - кронштейн center door - середня стулка шасі down lock - замок випущеного положення down lock actuator - циліндр замка випущеного положення down lock link - тяга замка випущеного положення down lock spring burgee - підкіс, що складається, випущу
положення і
drag strut - діагональний підкіс forward trunnion bearing - передній підшипник цапфи jacking point - точка встановлення на домкрат lever - важіль
main gear actuator ( actuating cylinder) - гідроциліндр основної і malfunction - несправність
mechanical position indicator - механічний індикатор положег mount - кронштейн rod-тяга

Text 2. 737 Main Landing Gear
The main gear is a simple, dual-wheel, conventional landing specifically designed to increase operation reliability and minimize
ntenance.
The main gear retracts up and inboard into the wheel well. The sard side of the outboard tire, in the up and locked position, fairs with contour of the airplane (blade seals) to form the main gear wheel well As a result, landing gear doors and associated linkages and ators are not required. Closure is completed by blade seals which fit and the outboard wheels when the gear is retracted. The only doors on the main gear installation are small segmented doors attached to I shock strut and hinged to the wing. The doors enclose the spanwise ; cavity when the gem- is retracted.
Components of tire main landing gear are designed to provide num service life and minimum spares inventory The simplified retry of the main gear has resulted in identical right and left gear DOnentS.
Simplified main gear design and installation offer the operator
і following advantages:
1. Elimination of the main gear doors reduces parts and provides easy access to the main gear wheel well.
Manual gear release from the flight compartment initiates gear free fall to the down and locked position.
737s are equipped with a soft-stroke main landing gear. The r-oil shock strut metering pin is designed to reduce the peak fluid deration over a greater length of stroke, so that passenger comfort is roved and stresses on the main landing gear supporting structure are reased.
The 737-400 main landing gear shock strut differs slightly from -300 and -500 in that it has a one inch longer stroke and slightly ker strut wall.

Exercise 14. Answer the following questions on the text
1. What is the main landing gear of Boeing 737 2. Where does the main gear retract? 3. What fairs with the contour < airplane to form the main gear wheel closure? 4. What is completed by? 5. What are the only doors, used on the mainj installation, attached to? 6. What has the simplified geometry of thej gear resulted in? 7. What provides easy access to the main gear well? 8. What is designed to improve passenger comfort?
Exercise 15. Say what is true and what is false. Correct the statements.
1. The main landing gear is a complicated, single-v conventional landing gear. 2. It is specifically designed to operational reliability and maximize maintenance. 3. The main: retracts up and inboard into the wheel well. 4. Closure is comple blade seals which fit around the outboard wheels when the extended
Exercise 16. Finish the following statements.
1. The main gear is a simple, dual-wheel, convent landing gear specifically designed to ... 2. The main gear retracts ... 3. Closure is completed by blade seals which ... 4. The only used on the main gear installation are ... 5. Components of the landing gear are designed to....
6. Elimination of gear doors
parts and ... 7. Manual gear release from the flight compartment
Language Focus
Compound nouns (clusters)
In English we can use nouns as adjectives.
For example; airplane wing, flight control, brake system.
The first word functions as the adjective and answers the question' kind of...?”
The relationship between two nouns can be of many kinds, including : Place:
cockpit door, fuselage bulkhead, side strut,

winter season, summer route; ietiul:
rubber seal, metal ring, glass fiber;
netimes three or more words are combined: air traffic control, business vel expenditure.
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! Exercise 17. Translate the following clusters:
passenger comfort, runway condition, control stand, warning light, wheel [rotation, rudder pedal, depressurization valve, brake pressure, antiskid valve, antiskid protection, calibration check, landing gear doors, the peak fluid acceleration, gear shock strut, ground test features, accumulator isolator valve, landing gear selector lever, antiskid control unit front panel, main landing gear design characteristic.
Exercise 18. Translate text 3. Put 3 key questions on the text.
Text 3. System Interface - Brake System
Braking is provided by four brake assemblies located on the main gear wheels. The brakes are applied either manually using brake pedal input or automatically using the autobrake systems. In either case, the antiskid system, using normal or alternative antiskid valves, is used to modulate brake pressure to optimize braking for any given runway condition. The controls for the antiskid and autobrake systems are located on the P2 panel, adjacent to the landing gear selector lever. The parking brake permits setting the brakes when the airplane is parked or moored. A red light on the control stand indicates when the parking brake is set.

rubber blade seals - гумовий обтюратор
service life - строк експлуатації
shock strut- амортизатор
shock strut piston - поршень амортизатора
side strut - боковий підкіс
spring ~ пружина
shimmy damper - демпфер коливань колеса шасі
shuttle valve - човниковий клапан
skid detector - детектор автомату коливання
torsion link- кільце шлщ-шарніра
trunnion link - кільце цапфи
warning light - світловий сигнальний пристрій
wheel well - ніша колеса шасі
Exercise 12. Looking at figure v.3, translate and remember the landing gear components.
Main Gear Components

4 Shock Strut 4Uptodr Adler

Figure V.3

Text 4
The landing gear hydraulically actuated to extend and retract by means of a landing gear selector lever, is placed in the ‘UP’ position, all three gears retract. Each main gear retracts inboard into the fuselage. The nose gear retracts forward into the nose wheel well. When the selector lever is placed in the ‘DOWN’ position, all three gears extend. The ‘OFF’ position is the normal cruise mode and all landing gears are locked up and depressurized. A solenoid lode system restricts the selector lever from being placed in the ‘UP’ position when the airplane is on the ground.
Six lights located above the landing gear selector lever provide indication and warning for the landing gear. A green light is illuminated when the respective gear is down and locked. The red light is illuminated when the landing gear is in transit or the landing gear lever and the landing gear do not agree. The red lights also serve as warning lights when the airplane is in a possible landing configuration and the gear is not down and locked.
Three red manual extension handles are located on the floor of the flight compartment, just aft of the first officer’s station, for manual extension of the landing gear in case of hydraulic malfunction in system ‘A’, the manual extension handles are independently operated for each gear. The landing gear selector lever should be in the ‘OFF’ position for manual extension.
Exercise 20. Make a written summary of text 4.
Exercise 21. Leam the recommended vocabulary: antiskid system - протигазова система bellcrank- боковий важіль, куліса, кривошип inoperative -непрацюючий jacking point - точка встановлення на домкрат
lower (upper) drag brace link - нижнє (верхнє) кільце підкосу,
що складається
nose gear shock strut - амортизаційна стійка носового шасі

steering cylinder - циліндр управління колесом шасі towing lug - буксировочний вузол (серга) trunnion - цапфа
upper / lower torsion link - верхнє /нижнє кільце шліц-шарніра up/down lock actuator - привод замка прибраного/висун} положення шасі
up/down lock link - кільце замка прибраного/висунутого поле шасі
pushrod - тяга
shimmy damping - гасіння коливань колеса шасі torsion load - нагрузка при скручуванні trouble shooting - усунення дефектів valve - клапан
Nose Gear Components
✓ Upper Drag Brace Link
N050 Gear Door . Mecnanvcrn —
Nose
Wheel Well Door (Тур) -
Lower Drag Brace Link''
Steering Cylinder (2)y
Nose Gear Shock 9tnjf^ Towing Lug ^
Figure V.4
Exercise 22. Read and translate text 5.
Text 5. Nose Landing Gear
The nose gear is a conventional dual-wheel type- forwards and up into the nose gear well.

Features of the nose gear installation include:
A single up and down lock link operated by a single actuator.
available.
Utilization of the steering depressurization valve allows nose throughout the Ml steering range with system A pressurized t disconnecting the torsion links.
ose gear steering is hydraulically powered by system A landing gear hydraulic down line. Hydraulic System В can be iltemative steering pressure source.
leering is controlled by the steering wheel on the captain’s side the rudder pedals. Using the steering wheel, 78 degrees of |ech direction is available. Rudder pedal steering provides 7 direction for small directional changes during takeoff, 'mg. The steering wheel ovemdes the rudder pedal mput. steering is deactivated 10 seconds after the nose gear strut ed (air/ground sensing). Centering cams inside the nose the gear before retraction.
wer the following questions on text 5.
re does the nose gear retract? 2. How many actuators is 'own lock link operated by? 3. What is actuated by two 4. What is integral shimmy damping provided by? le on the copilot’s side panel? 6. What allows nose gear steering controlled by?

Exercise 24. Combine the words listed below into two- or three- terms:

Exercise 25. Fill in the blanks with proper words or phrases:
nose gear towing, hydraulic down line, side panel, rudder, pedal, gear strut, steering wheel, clamshell doors, shimmy damping.
1. Nose gear steering is provided by the steering wheel к on the captain’s ... 2. The ... are mechanically actuatedby bellcranks pushrods. 3 . Utilization of the steering depressurization valve allo- throughout the full steering range. 4. Steering is controlled by the the captain’s side panel, or by the rudder pedals.
Exercise 26, Translate into English.
1. Шасі, розташоване нижче шпангоута кабіни керув забезпечує опору для передньої секції фюзеляжа. 2. Носова с приводиться в дію гідравлічно, щоб забрати колесо вперед та вго нішу колеса 3. Гідравліка використовується для звича* випускання та забирання шасі. 4. Керування носовим кол здійснюється на землі для рулювання та зльоту. 5. На основ шасі встановлено гальма, що можуть керуватися вручну автоматично.

.ercise 27. Read and retell text 6.
Text 6. Antiskid System.
Maximum allowable braking for the condition of the runway is achieved with a modulating antiskid system that senses individual wheel speed during a stop and automatically controls brake pressure to each wheel.
The antiskid system optimizes braking by reducing brake pressure when the pilot or autobrake system commands pressure in excess of that required to skid the tires. The control unit analyzes wheel sensor puts and sends appropriate signals to the antiskid valves which reduce the metered pressure supplied from the brake metering valves, or autobrake system. The system consists of four individual wheel speed transducers, one control unit, and six antiskid control valves. (Four normal and two alternate antiskid valves). Antiskid protection is provided for individual wheels in the NORMAL brake system and for pairs of wheels on the same landing gear through the alternative antiskid valves if hydraulic system В is inoperative.
The antiskid ‘ON-OFF’ switch is common to both normal and alternate braking systems. Turning the antiskid switch to ‘OFF’ turns off antiskid protection to all wheels and illuminates the ‘ANTISKID INOP’ light If an antiskid system fault is detected during normal flight operations the ‘ANTISKID INOP’ light will illuminate reminding the pilots that full antiskid protection may not be available. The antiskid system contains self-test features.
Ground test features are built into the antiskid control unit for maintenance purposes. The antiskid control unit front panel includes itiskid system fault isolation provisions (normal and alternate), an ..tobrake test capability, and lights to assist in troubleshooting. Precise performance and calibration checks can be made through test receptacles »cated on the control unit.
Exercise 28. Write out of text 7 two-, three-, four- and five-noun word combinations, give their translation.
Text 7. Brake System
The brake system consists of multi-disc brakes for each main gear wheel powered by either hydraulic system. Hydraulic system В operates the normal braking system. Hydraulic system A is the primary

backup and is automatically selected by the alternative brake se valve if system В is lost. The accumulator is the secondary backup automatically selected by the accumulator isolator valve if both the. В systems are lost. The brake system provides the following features:
· Simplified brake service and maintenance requirements Directional control through differential braking
· Identical brake control from either pilot station ' Full antiskid protection
· Autobrakes for landing or refused takeoff (R.TO)
· Hydraulic brake line fuses to limit fluid loss folio* failure.
During gear retraction, braking is applied automatically main gear wheels to stop wheel rotation after takeoff. Nose wheel r is stopped by snubbing pads in the wheel well.
Exercise 29. Speak on the following topics.
1. The lending gear functions.
2. The main landing gear design.
3. The nose landing gear design.
4. Landing gear actuation.
5. Brake system.
6. Antiskid system.
Exercise 30. Choose the most suitable sentence to finish the text
At the beginning of the main leg retraction the large doors well get open and at the end of leg retraction they get fully closed, closed position the doors are locked by the mechanical lock controlled by the up-lock.
1. The small door of the main leg well slowly gets closed process of landing gear retraction.
2. The landing gear main legs are provided with wheels.
3 . In the retracted position the main leg is retained by the up-1

Unit VI. POWER PLANT
Dialogue
1 Now, let’s consider the power plant as one of the principle structural units of the airplane. I think you know the meaning of the term
‘power plant’.
g. Yes, I do. The term ‘power plant’ means ‘силова установка’.
T. What does it provide?
S.
As far as I remember it provides power for flight.
T.
Does it propel (he airplane in flight?
S.
Yes, it does.
T.
The power plant contains an engine or engines and some systems.
What is the essential part of the power plant?
S. Let me see. The engine provides power for flight, so it is the most essential part of the power plant.
T .1 am sure you know that there exist some types of engines. Can you name at least some of them?
S. 1 know two types of engines' piston and jet engines.
T You are right. But you should know that jet engines are divided into three groups: gas-turbines, ram jets and rocket engines. Ram jet engine is translated into Ukrainian ‘прямоточний повітряно- реактивний двигун’.
Exercise 1. Read and translate text 1.
Text 1. Power Plant
The power plant is one of the principal structural units of the airplane. The power plant is a source of power. It provides power for flight and propels the airplane. The power plant contains an engine or engines and some systems. The engine is the most essential part of the power plant. Its function is to provide thrust.
There are several types of aviation engines, namely: piston or internal combustion engines and jet engines. Jet engines are divided into three main groups: gas turbines, ram jets and rocket engines.

As for the systems they are the fuel system, oil engine control system, fire-extinguishing system, cooling system some others.
The fijnction of the fuel system is to provide fuelli defuelling, fuel jettisoning and fuel transfer.
The oil system serves for supplying oil to the engine reducing friction between moving parts.
The engine control system is used to control the engine.
The fire-extinguishing system is used to detect fire, warn suppress fire. The function of the cooling system is to protect engine assembly and different systems from overheating.
	Exercise 2. Match the synonyms.

	extinguish fire
	alarming

	contain
	lubricant

	detect
	internal combustion engine

	provide
	supply

	oil
	find

	component
	house

	several
	main

	piston engine
	fluid

	warning
	part

	principal
	put down fire

	liquid
	some


Exercise 3. Find Enghsh-Ukrainian equivalents.
тертя
прямоточний повітряно- реактивний двигун протипожежна система тяга
рухати вперед джерело
двигун внутрішнього згорання аварійний злив палива паливна система транспортування палива

Exercise 4. Translate the antonyms.
thrust - drag, fuelling - defuelling, movable - fixed, main - auxiliary, similar - different, cool - heat, reduce - increase, internal - external.
Exercise 5. Translate verb-combinations
to provide power for flight, to propel an airplane, to consist of engines and systems, to provide thrust* to fuel an engine, to. control engines : and systems, to supply oil, to reduce friction, to detect fire, to warn the pilots about the fire.
Exercise 6. Answer the questions.
1. What is the power plant? 2. What does the power plant contain? 3. What provides thrust? 4. What types of aviation engines are used in modem airplanes? 5, What systems of the power plant can you name? 6, What is the function of the fuel system? 7. What system is used to control the engine? 8. What system serves for cooling the engine assembly?
Exercise 7. Say if the following statements are true or false. Correct the
false ones.
1. The wing is a source of power. 2. The power plant contains an engine or engines and some systems. 3. Jet engines are divided into б groups. 4. The function of the fuel system is to provide aircraft take off and landing. 5. The oil system is used for supplying oil to (he fuel tank.
Exercise 8. Remember the meanings of the following words, to power - бути джерелом потужності; обладнувати силовою установкою; приводити в дію to mount - встановлювати; кріпити, монтувати bypass-ratio - ступінь двоконтурності spool - каскад
stator vane - лопатка статора
gearbox - редуктор; коробка передач; коробка приводів
case - корпус, кожух
aft - задня частина; задній, хвостовий
pressure bulkhead - герметична перегородка; гермошшнгоут
Exercise 9. Translate text 2 in writing.
Text 2
The 737 airplanes are powered by two wing-mounted 56-3 high- bypass-ratio turbofan engines at several thrust ratings.
The engine is an axial-flow turbofan with two spools variable stator vanes. Power for aircraft and engine accessories provided by the main gearbox side-mounted on the fan case, gearbox is driven by the high-speed engine shaft.
The A-3I0 is a widebody transport powered by two engines. CFM-56-5 engines are installed under die wing.
The APU is located in the aft end of the fuselage, behind pressure bulkhead and below the horizontal stabilizer. The provides an alternate source of electric power both on the ground flight.
Exercise 10. Copy out aviation terms from text 2.
Exercise 11. Speak on “Power plant”.
Exercise 12. Read, translate and make a short summary of text English.
Text3. Type of Airplanes
There is a wide variety of airplane types. Land planes, earner-1: airplanes, seaplanes, amphibians, vertical takeoff and tending (VTOL), takeoff and landing (STOL), and space shuttles all take advantage of tlx basic technology, but then capabilities and uses make them seem only< related.
LandPbnes
Land planes are designed to operate from a hard surface, i paved runway. Some tend planes are specially equipped to operate from or other unfinished surfaces. A land plane usually has wheels to taxi, take
[image: image8.png]g land, although some specialized sircraft opesating in the Arctic or

Antarctic regions have skis in place of wheels. The wheels are sometimes

eferved 1o es the undercarrisge, aithough they are often called, together with

the associated brakes, the landing gear. Landing gear may be fixed, as in some

" general-avistion sirplanes, or retractable, usually into the fixselage or wings, es

inmore-sophisticated airplancs in general and comemiercial aviation.
Carrier-Based Aireraft




Carrier-based airplanes are a specially modified type of land plane designed for takeoff' from and landing aboard naval aircraft earners. Carrier airplanes have a strengthened structure, including their landing gear, to handle the stresses of catapult-assisted takeoff in which the craft is launched by a steam-driven catapult; and arrested landings, made by using a hook attached to the underside of the aircraft's tail to catch one of four wires strung across the flight deck of the carrier.
Seaplanes
Seaplanes, sometimes called floatplanes or pontoon planes, are often ordinary land planes modified with floats instead of wheels so they can operate from water A number of seaplanes have been designed firm scratch to operate only from water bases. Such seaplanes have fuselsges that resemble and perform like ship hulls. Known as flying boats, they may have small floats attached to their outer wing panels to help steady them at low speeds on the water, but the weight of the airplane is bone by the floating hull.
Amphibians
Amphibians, like their animal namesakes, operate from both water and land bases. In many cases, an amphibian is a true seaplane, with a boat hull and the addition of specially designed landing gear that can be extended to allow the airplane to taxi right out of the water onto land Historically, some flying boats were fitted with so-called beaching gear» a system of cradles on wheels positioned under the floating aircraft, wWch then aflowed the aircraft to broiled onto land
Vertical Take-off and Landing (VTOL) airplanes typically use the jet thrust from their engines, pointed down at the Earth, to take off and land straight up and down. After taking off a VTOL airplane usually transitions to wing-borne flight in order to cover a longer distance or carry a significant bad. A helicopter is a type of VTOL aircraft, but there are very few VTOL airplanes. One unique type of VTOL aircraft is the tilt-rotcr, which has large, propeller-like rotating wings or rotors driven by jet engines at the wingtips.
For take-off and landing, the engines and rotors are positioned vertically, like a helicopter. After takeoff however, the engmefrotar combination forward, and the wing takes on the load of the craft
The most prominent example of a true VTOL airplane flying the AV-8B Hamer П, a military attack plane that uses rotating no attached to its jet engine to direct toe engine exhaust in the appropr direction. Flown m the United States by the Marine Corps, es well as in S Italy, India, and United Kingdom, where it was originally developed, Harrier can take off vertically from smaller ships, or it can be flc operating areas near the ground troops it supports m its ground-attack role. Short Take-off and Landing Airplanes Short Take-off and Landing (STOL) airplanes are designed able to function on relatively short runways. Their designs usually wings and high-lift devices on toe wings optimized for best pert* during takeoff and landing, as distinguished from an airplane that has a optimized for high-speed спще at high altitude. STOL airplanes are cargo airplanes, although some serve in a passenger-carrying capacity as Space Shuttle
The space shirtie, flown by the National Aeronautics and Administration (NASA), is an aircraft unlike any other because it flies fixed-wing airplane within toe atmosphere and as a spacecraft outside Earths atmosphere. When the space shuttle takes off ft flies like a rocket wings, relying on toe 3,175 metric tons of thrust generated by its solid-: rocket boasters and liquid-fueled main engines to power its way up, and out of toe atmosphere. During lending, the shuttle becomes toe most sophisticated glider, landing without propulsion.
Exercise 13. Copy out aviation terns from text 3.
Exercise 14. Speak on:
1. Land Planes.
2. Carrier-Based Aircraft.
3. Seaplanes
4 Vertical Take-off and Landing Airplanes.
Exercise IS. Make a written translation of text 4.
Test 4 Classes of Airplanes
Airplanes can be grouped into a handful of major classes, such as commercial, military, and general-aviation airplanes, all of which fell under different government-mandated certification and operating rules
Commercial Airplanes
Commercial aircraft are those used for profit making usually by carrying cargo or passengers for hire. They are strictly regulated—in the United States, by foe Federal Aviation Administration (FAA) in Canada, by Transport Canada; and in other countries, by other national aviation authorities.
Modem large commercial-airplane manufacturers—such as The Boeing Company and Airbus Industry, a consortium of European manufacturers from Britain, Germany, France, and Spain—offer a wide variety of aircraft with different capabilities. Today’s jet airliners cany anywhere from 1TO passengers to more than500owr short and long distances.
Since 1976 the British-French Concorde supersonic transport has earned passengers at twice foe speed of sound Ihe Concorde flies for British Airways and Air France, flag earners of the two nations that funded its development during the late 1960s and 1970s.
Military Airplanes
Military aircraft are usually grouped into four categories: combat, cargo, training, and observation. Combat airplanes же generally either filters or bombera, although some airplanes have both capabilities. Fighters are designed to engage in air combat with other airplanes, in either defensive or offensive situations. Since the 1950s many fighters have been capable of Mach 2+ flight (a Mach number represents foe ratio offoe speed of an airplane to the speed of sound as it travels through air). Some fighters have a ground-attack role as well and are designed to cany bofo air-to-air weapons, such as missiles, and air-to-ground weapons, such as bombs. Fighters include aircraft such as the Panavia Tornado, the Boeing F-1S Eagle, foe Lockheed-Martin F-16 Falcon, the MiG-29 Fulcrum, and the Su-27 Flanker.
Bombers are designed to carry large air-to-ground-weapons loads and either penetrate or avoid enemy air defenses in order to deliver those weapons. Some well-known bombers include foe BoeingB-52, foe BoeingB-1, and tlie Ncrthrop-Grumman B-2 stealth bomber. Bombers, such as the B-52, are designed to fly fast at low attitudes, following the terrain, in order to %
under enemy radar defenses, while others, such as die B-2, may sophisticated radar-defeatir^ technologies to fly virtually unobserved
Today's military cargo airplanes are capable of carrying < tanks, armored personnel camera, artillery pieces, and even smaller: Cargo planes such as the giant Lockheed C~5B and Boeing C-17 designed expressly tor such roles. Some cargo planes can serve a dual i aerial gas stations, refueling different types of military airplanes while in j Such tankers include the Boeing KC-135 and KC-10. All military pile through rigorous training and education programs using military airplanes to prepare them to fly the high-performance aircraft of the farces. They typically begin the flight training in relatively simple, airplanes and move into basic jets before specializing in a career path imroti fighters, bombers, or transports. Some military trainers include the Mentor, the T-37 and T-38, and the Boeing T-45 Goshawk.
A final category of military airplanes is the observation, ] reconnaissance, aircraft With the advent of the Lockheed U-2 spy plane і 1950s, observation airplanes were developed solely fix highly missions. The ultimate spy plane is Lockheeds SR-71, a two-seat airplane] uses specialized engines and fuel to reach altitudes greater than 25,< (80,000 ft) and speeds well over Mach 3.
General-Aviation Aircraft
General-aviation aircraft are certified fix and intended primari noncommercial or private operations.
Pleasure aircraft range from simple single-seat, ultralight airpb to sleek twin turboprops capable of carrying eight people.
Business aircraft transport business executives to mess airplane aft-weather capability.
Another class of general-aviation airplanes are those agriculture. Large farms require efficient ways to spread fertilizer insecticides over a large arm Avery specialized type of airplane, crop < are rugged, highly maneuverable, and capable of hauling several pounds of chemicals. They can be seen swooping low over farm fields.^ intended for serious cross-country navigation, crop dusters lade s navigation aids and complex systems.
Exercise 16. Speak on ‘Airplane classification’.

Unit VII.
MAJOR COMPONENTS OF ТВОЕ GAS TURBINE ENGINE
Dialogue
X. You know that one of the principal structural units of the aeroplane is the engine. The engine is the largest and the most important part of the airplane. What does the engine provide?
S.
The engine provides power and propels the airplane.
T.
You are right. What types of the airplane engines do you know?
S.
As far as I remember there are two types of engines: piston and jet engines.
T.
Quite right. Jet engines are divided into some groups; gas-turbine engines are among them. We’ll consider the major components of the g3S-turbine engine. Any gas-turbine engine consists of three main sections and some additional components. The main sections are the compressor section, the combustion section and the turbine section. “Combustion” means “згорання”. What sections does any gas-turbine engine consist of?
S.
Any gas-turbine engine consists of three main sections: the compressor section, the combustion section and the turbine section.
T.
It s O.K. The compressor is located after the inlet ductrlhe term “inlet duct” is translated as “повітрозабирач”. At the front seption of the engine there is an opening, or a hole. The air enters the engine through this opening (hole). This opening or a hole is called “inlet”. What does the engine inlet mean?
S.
“Вхідний пристрій двигуна”.
T.
That’s quite right. The engine air inlet consists of the opening with passages. This passage is called “a duct”. The term “duct” means “труба, канал”. So we may say, the air enters the engine through the inlet duct. What does tire inlet duct do?
S The inlet duct helps the air enter the engine.
T. That’s. It’s better to say: it supplies the air to die engine. The passage or the duct leads to the guide vanes. The term “guide vane” means “спрямовуюча лопатка”. Guide vanes serve to direct the air to the compressor. The guide vanes are located in the inlet duct. What form does the inlet duct have?

S.
It seems to me the inlet ducts have different forms.
T.
It’s right It depends upon the design of the aeroplane. From the duct with the help of guide vanes the air flows to the compressor, w’ it is compressed. The verb “to compress” means “стискати”. Is compressor that portion of the engine where the air is compressed?
S.
Yes, it is. The compressor is the major component of any gas-t engine. Its function is to compress the air.
T.
Besides, the compressor provides necessary pressure ratio. The “pressure ratio” means “необхідний ступінь стиснення”. From compressor section through the diffuser the compressed air flows to combustion section where it is burned with the fuel. What does the \ “combustion” mean?
S.
The term “combustion” means “згорання”.
T.
So the process of combustion takes place in the combustion secti The term “combustion chamber” is translated as “камера агора What is the function of the diffuser?
S.
To my mind the function of the diffuser is to direct air from compressor to the combustion chamber.
T.
Well, it is. The second function is also to change air pressure velocity. The gases from the combustion chamber through the no diaphragm go to the turbine section. The turbine section is designe extract power from the jet stream to drive the compressor accessories. The word “accessories” means “допоміжні aiper What does the turbine wheel extract?
S.
The turbine wheel extracts power from the jet stream and drives compressor and accessories.
T.
That’s correct. The nozzle diaphragm is translated “согоюв апарат” It is located between the combustion chamber and section. What is the function of the nozzle diaphragm?
S,
The function of the nozzle diaphragm is to increase the velocity the heated gases
T.
That’s all right But there is one more function, that is to heated gases to strike the turbine buckets.
S.
is there any additional section behind the turbine wheel?
T.
Yes, there is. It is the exhaust cone. The term “exhaust cone” me “конус реактивного сопла”.
<j What is the function of the exhaust cone?
j. Its main function is to collect discharged gases from the turbine ^heel and expel them at the correct velocity.
Exercise 1. Listen to the recording, read and learn, д. afterburner - форсажна камера bottom - нижня частина, низ, основа bucket- лопатка турбіни burn - спалювати, горіти burner - камера згорання compress - стискати compression - стиснення compressor - компресор diffuser-дифузор direct - направляти, націлювати drive - керувати, приводити до руху, вести expand- розширювати extract - отримувати flow - потік, течія; текти locate - встановлювати, розміщувати need - необхідність, потреба; мати потребу serve - служити strike - вдаряти, вдарити supply - живити; живлення, забезпечення velocity - швидкість
В. accessory section - відсік агрегатів, секція допоміжних агрегатів additional amount - додаткова кількість air stream - повітряний потік exhaust сопе - конус реактивного сопла guide vane - спрямовуюча лопатка heated gases - нагріті гази inlet duct - повітрозабирач jet stream - реактивний потік nozzle diaphragm - сопловий апарат nozzle vane - лопатка соплового апарата provide transition - забезпечити перехід required pressure ratio - необхідний ступінь стиснення

Exercise 2. Listen to the recording. Repeat in the intervals, and translate tract 1.
Text 1. Major Components of the Gas Turbine Engine
Any gas turbine engine consists of three main sections: compressor section, die combustion section and the turbine section, air enters the engine through the inlet duct and guide vanes.
The function of the inlet duct and guide vanes is to supply > the engine inlet under all conditions of operation. Aircraft engine ' ducts have various shapes. From the inlet duct die air flows to compressor. The compressor is located after the inlet duct. The fun of the compressor is to compress air and to provide the pressure ratio. From die compressor section through the diffuser compressed air flows to the combustion section. There the combi chamber is located
The function of the combustion chamber is to expand the air burning fuel in the air stream.
The turbine section of the engine is located after the combi chamber between two additional components: the nozzle diaphragm exhaust cone. The turbine section is designed to extract power from jet stream to drive the compressor and accessories.
The diffuser, the nozzle diaphragm, the exhaust cone, afterburner and the accessory section serve to provide transition one main section to another. The diffuser directs air from compressor to the combustion chamber and serves to c‘ pressure and velocity. A typical nozzle diaphragm consists of a grc nozzle vanes. The function of the nozzle diaphragm is to increase velocity of the heated gases and to direct them to strike the buckets at the proper angle.
The exhaust cone is located directly behind the turbine and its main function is to collect burned gases from the turbine and expel them at the correct velocity. In many cases the afterb" used with turbojet engines. The afterburner serves for b- additional amount of fuel to increase power.

Exercise 3. Make sure you remember the major and additional components of the gas turbine engine.

[Afterburner 1
Exercise 4. Read, translate and remember these propositions: in front of, at the nose, before, after, between, behind, below, beyond, near, down, above, inside, outside, round, towards, under, up, with, from, through, to, at the bottom.
Exercise 5. Use prepositions or adverbs if necessary.
1. ... the inlet duct the air flows ... the compressor. 2. The compressor is located ... die inlet duct. 3.... Де compressor section... the diffuser Де compressed air flows ... Де combustion section. 4. The combustion section is located ... Де diffuser and Де nozzle diaphragm. 5. The turbine section of Де engine is located ... Де combustion chamber ... two additional components: Де nozzle diaphragm and exhaust cone. 6. The exhaust cone is located... Де turbine wheel.

to collect burned gases from Де turbine wheel.
to bum additional amount of fuel to I increase power.

Exercise 7. Complete the following sentences.
inlet duct guide vanes compressor diffuser
combustion chamber nozzle diaphragm
exhaust cone afterburner accessory section
Exercise 8. Define the parts of speech and translate.
to compress - compressor - compressed, to heat - heated, to diffiise - diffuser - diffused, to collect - collector - coll to construct - constructor - constructed, to extract - extracti extractor, to ignite - ignition - ignited, to redirect - redirecti redirected, to expand - expansion - expanded.
Exercise 9. Translate antonyms
to compress - to release, to heat - to cool, to flow - to outfl expand - to narrow, to increase - to reduce, to expel - to collect.
Exercise 10. Use the words on the left side with those on the
Model: main section
major
various
additional
basic
typical

Exercise 11. Translate “noun + noun” word-combinations, inlet duct, guide vanes, compressor section, engine inlet, combustion section, pressure ratio, air stream, engine operation, turbine section, jet stream, turbine bucket, air pressure, turbine wheel, engine bottom, aircraft operation.
Exercise 12. These words are used both as verbs and nouns. Translate and remember them.
to guide - guide, to function - function, to supply - supply, to shape - shape, to charge - charge, to extract - extract, to drive - drive, to flow - flow, to stream - stream, to heat - heat, to discharge - discharge, to increase - increase, to need - need.
Exercise 13. Give corresponding nouns.
1. to supply, to compress, to expand, to extract, to provide, to drive, to direct, to change, to increase, to heat, to collect, to expel, to burn, to have.
2. air, power, transition, pressure, velocity, gas, fuel, accessories,
operation, shapes.
Exercise 14. Match the English terms in the left column and their Ukrainian equivalents in the right column.
секція допоміжних агрегатів конус реахтивного сопла спрямовуюча лопатка вхідний отвір двигуна ступінь стиснення

bucket
combustion chamber inlet
air stream afterburner exhaust gas
Exercise 16. Make up sentences using these verb-combinati
to enter the engine, to supply air, to have various to compress air, to provide the required pressure ratio, to cxx to bum fuel, to extract power, to drive the compressor, to transition, to increase the velocity, to strike the turbine b' to change air pressure, to collect burned gases.
Exercise 17. Say if the following statements are true or ft they are wrong, correct them.
1. Any gas turbine engine consists of four main sections.; air enters the engine through the compressor section. 3. The comp is located after the combustion chamber. 4. The function о combustion chamber is to compress die air. 5. The turbine section engine is used to provide the required pressure ratio.
Exercise 18. Translate into English.
необхідний ступінь стиснення, колесо відпрацьований газ, реактивний потік, камера згорання, допоміжних агрегатів, додаткова кількість палива,

реактивного сопла, нагріті гази, повітрозабирач, секція турбіни, дифузор, сопловий апарат, секція компресора.
Exercise 19. Answer the questions on text 1.
1. What main section does any gas turbine engine consist of ?
2 What enters the engine through the inlet duct and guide vanes?
3 Where is the compressor located ? 4. What is the function of the compressor? 5. What air flows through the diffuser to the < combustor? 6. What is located after the combustoin chamber? 7. What section is designed to extract power from the jet stream for driving the compressor and accessories? 8. What components serve to provide transition from one main section to another? 9. Where does die diffuse* idirect the air? 10. What is the function of theiexhaust cone? 11. Where' is the accessory section located?
Exercise 20. Put questions to the underlined words.
1. The air enters the engine through the inlet duct and guide vanes. 2. The function of the inlet duct and guide vanes is to supply air to the engine inlet under all conditions of operation.3. The compressor is located after the inlet duct 4. The function of the compressor is to compress air and to provide the required pressure ratio. 5. The diffuser directs air from the compressor to the combustion chamber. 6. The diffuser serves to change air pressure and velocity. 7. A typical nozzle diaphragm consists of a group of nozzle vanes. 8. The function of the nozzle diaphragm is to increase the velocity of die heated eases and to direct them to strike the turbine buckets. 9. The function of the combustion chamber is to expand the air bv burning fuel in the air stream. 10. The turbine section of the engine is located after the combustion chamber 11. The turbine section is designed to extract power from the jet stream for driving the compressor and accessories.
Exercise 21. Add question tags and answer them.
1. Hie air enters tile engine through the inlet duct and vanes, ... ? 2. The function of the inlet duct and guide vanes is to air to the engine inlet under all conditions of operation, ...? 3. function of the compressor is to compress air and to provide required pressure ratio,... ? 4. The diffuser directs air from compressor to the combustion chamber, ... ? 5. The function of combustion chamber is to expand the air by burning fttel in the stream, ... ? 6. The turbine section of the engine is located the combustion chamber, ...? 7. The turbine section is desi extract power from the jet stream for driving the compressor accessories,... ?
Exercise 22. Give information about the main and additi sections of tiie gas turbine engine.
	The name of the section
	The location
	The function

	inlet duct and guide vanes
compressor
diffhser
combustion chamber nozzle diaphragm turbine wheel exhaust cone afterburner
	
	


Exercise 23. Use the verb in brackets in the correct tense (Active or Passive).
1. The engine (to be) tiie largest and the most important; the airplane.
2, Any gas-turbine engine (to consist of) three main sections some additional components.
3. The air (to enter) the engine through the inlet duct
4. Guide vanes (to serve) to direct the air to the compressor.
5. The guide vanes (to locate) in the inlet duct.
6. The inlet ducts (to have) different forms.
7. The compressor (to provide) necessary pressure ratio.
8. The combustion chamber (to locate)after the compressor.
9. The turbine section (to design) to extract) power from die jet stream for driving the compressor and accessories.
10. The diffuser, the nozzle diaphragm, the exhaust cone, the afterburner and the accessory section (to serve) to provide transition from one main section to another.
Exercise 24. Translate into English.
1. Призначення давітрозабираяа подавати повітря у двигун. 2. Повітрозабирачі мають різні форми. 3. Конструкція повітрозабирача доволі проста. 4. Направляючі лопатки спрямовують повітря в компресор. 5. Конструкція повітрозабирача має багато переваг, б. Повітрозабирач складається із зовнішнього і внутрішнього кожуха. 7. Компресор - це та частина двигуна, де повітря стискається. 8. Камера згорання знаходиться між дифузорним і сопловим апаратами. 9. Функція камери згорання - розширювати повітря шляхом спалювання палива в повітряному потоці. 10. Секція турбіни двигуна зхонструйована для того, щоб забирати енергію від високошвидкісних газів, що залишають камеру згорання, для того, щоб приводити в дію компресор та його агрегати.
Exercise 2S. Translate and entitle text 2.
Text!
There are many types of aviation gas-turbine engines. All of them have their advantages and disadvantages. But for the operation of any gas-turbine engine three principal functions should be provided: 1) the compression of air, 2) the expansion of the air by burning fuel; 3) the extraction of power from the jet stream of the engine to drive the
compressor and accessories Thus, we may say, that a gas-turb: engine includes three main sections: the compressor section,- combustion section and the turbine section and the accessory section.
The accessory section is located at the nose of the engine or at bottom of the engine. The accessory section includes the accesso needed for engine operation and also those required for the operation the aircraft
Some gas-turbine engines have but one accessory power secti while others may have more. Accessories provide the normal opera* of the engine.
Exercise 26. Write out from texts 1, 2 all the terms referring: the topic “Major Components of the Gas-turbine Engine”.
Exercise 27. Make up the plan of texts 1,2.
Exercise 28. Speak on:
1. Major components of the gas-turbine engine.
2. Additional components of the gas-turbine engine.

Unit VIII. COMPRESSOR
Exercise 1. Remember the active vocabulary, gas turbine - газова турбіна
air intake - вхідний пристрій, отвір для забору повітря centrifugal compressor - відцентровий компресор axial (-flow) compressor - осьовий компресор split compressor - двовальний компресор low pressure compressor - компресор низького тиску rotary air compressor - роторний компресор propeller - повітряний гвинт
high-speed propeller - високооборотний повітряний гвинт spool - каскад
twin spool engine - двигун з двокаскадним компресором
turbine-driven compressor - компресор із приводом від турбіни
impeller - робоче колесо, крильчатка
engine drive shaft - головний вал двигуна
axial (-flow) fan - осьовий вентилятор
stage - стушнь
pressure ratio - ступінь стискання
specific - питомий
specific fuel consumption - питома витрата пального
Exercise 2. Read and translate dialogue 1.
Dialogue 1
T. As you know the compressor is one of the major components of any gas-turbine engine. Do you remember the other two components of a gas-turbine engine?
S. They are: the combustion chamber and the turbine wheel.
T Yes, quite right. Three major components of any gas-turbine engine are: the compressor, the combustion chamber and the turbine wheel. And what is the function of the compressor? Answering this question use the model - The function of... is to....
S.
The function of the compressor is to compress the passing air.
T.
What does the air pass through?
S.
It passes through the engine.
T.
Quite right. And now let's see what the word combination "pr ratio “ means. You know the word "pressure" -“стискання”
S.
The word combination "pressure ratio" means "ступінь стискання
T.
Good.. What is the English for "забезпечувати ступінь стиск
S.
To provide pressure ratio.
T.
That’s correct. What is the English for "необхідна c стискання"? Write down the word "to require" and its derivatr "required” (потрібний, необхідний.) “requirement" (вимога) . now, who can translate the phrase?
S.
It is "required pressure ratio".
T.
And now translate the whole expression - забезпечувати необ: ступінь стискання.
S.
It's “ to provide the required pressure ratio”.
T.
That's correct. And now as you know more about the comp could you give the full answer to the question : What's the of the compressor?
S.
The function of the compressor is to compress the air passing thr the engine and to provide a required pressure ratio.
T.
Good. Thank you Now we shall consider types of the compre What are they?
S.
They are: the centrifugal type, the axial single-rotor type and the: split compressor type.
T.
Who will translate these terms into Ukrainian?
S.
Відцентровий, осьовий, двовальний.
T.
Right you are. The centrifugal type compressor produces a pressure ratio in a single stage. "Stage" means " ступінь".Опе blades is called a stage. Row -ряд. The centrifugal type comp easy to manufacture, it is durable and low in cost. Durable -:
You know the meaning of the word "low", bn what word combir did you happen to use it?
S.
Lowered position - опущене положення , lower half - половиш.
T.
That’s correct. And the word combination "low in cost" is transla "дешевий". Could you give the antonym to it.

[image: image9.png]§. High in cost, expensive.

Rnght you are. The axial-flow compressor is higher in cost in
wmpanson with the centrifugal compressor because it is more
complicated in construction.

Bxercise 3. Read and translate text 1.




Text 1. Compressors and their types
One of the major components of any gas-turbine engine is the compressor. The function of the compressor is to compress the air passing through the engine and to provide a required pressure ratio. The compressor causes a pressure rise in the air delivered.
There are three basic types of compressors: the centrifugal type, the axial single rotor type and the axial split compressor type. The centrifugal compressor works very well in smaller turboprop and turbojet engines. It cannot provide the necessary pressure ratio for modem gas- turbine engines. But this type is easy to manufacture, it is durable, low in cost. Typical pressure ratio obtainable with a centrifugal compressor is 5 to 1.
The axial-flow compressor is more efficient than the centrifugal compressor. It can provide pressure ratio of 12 to 1. But it is more complicated in construction mid therefore higher in cost
Axial-split compressor can provide pressure ratio of 20 to l.But it is of a very complicated design. It is not easy to manufacture and, of course, rather high in cost. The split compressor provides the highest pressure ratio and is widely used in modem gas turbine engines.
Exercise 4. Find in text 1 ten words that can be used both as noun and a verb. Give their translation.
Model: check - to check
перевірка - перевіряти Exercise 5. Answer the questions on text 1.
1.1s a compressor one of the major components of a gas-turbine engine? 2. What is the function of the compressor? 3. What air does the
compressor compress? 4 What are three basic types of air compres 5. What pressure ratio does the centrifugal compressor produce? 6. centrifugal compressor easy to manufacture? 7. What ratio is obtaii with a centrifugal compressor? 8.Which compressor is more effici| the centrifugal or the axial compressor? 9. What compressor can prc .pressure ratio of 12 to 1?
10. What pressure ratio can the
compressor provide?
Exercise 6. Translate the following universal words without a diction airplane, atmosphere, centre, classify, compressor, equivalent, fact, gas, generator, mass, mechanically, normal, optii plan, result, system, temperature, turbine type, limit, comf calculate, experiment, aerodynamic, total, diameter.
Exercise 7. Translate the following word combinations.
major components, required pressure ratio, modem gas-t engine, axial-flow compressor, turbojet engine, axial-split cc turboprop engine, efficient compressor, low air pressure, high efficic
Exercise 8. Give English equivalents.
двовальний компресор, ступінь стискання; ефен осьовий компресор, турбогвинтовий двигун, стискати повії відцентровий компресор, складна конструкція, констру' компресора, низька ефективність, легкий у виробництві, собівартість, дорогий.
Exercise 9. Make nouns using suffixes -ion, -tion, -sion and transla pairs.
to compress, to provide, to locate, to construct, to reduce, to ] to combine, durable, to complete, to add, to apply, to extend, to limit calculate, to form, to deflect, to ignite.
Exercise 10. Fill in the blanks with the words and word combii given below.
1. There are three... common to most turbine engines. 2. The i
flow compressor is more efficient than the ... compressor is. 3. The

compressor produces the highest pressure ratio. 4. The function of the
compressor is to... the air 5. Typical
obtainable with the axial-split
compressor is 20 : 1. 6. The centrifugal compressor cannot provide the
necessary pressure ratio for ... gas-turbine engines. 7.The 

compressor can provide pressure ratio of 12 :1.
(modern, pressure ratio, axial-split, components, centrifugal, axial-flow, compress).
Exercise 11. Put questions to the underlined words.
1 This engine works on a four-stroke cycle, consisting of induction, compression, combustion and exhaust. 2. Airplanes use thrust to propel them through air. 3. A gas turbine engine consists of two main rotating parts, a compressor and a turbine. 4. The rocket engine does not use atmospheric air as the propulsive fluid stream.
Exercise 12. Paraphrase the sentences according to the model.
Model: The compressor compresses the air.
a) The compressor serves for compressing the air.
b) The compressor is used to compress the air.
c) The function of the compressor is to compress the air.
1 The compressor produces a high pressure ratio. 2. The diffuser directs air from the compressor to the combustion chamber. 3. The combustion chamber expands the air by burning fuel. 4. The turbine wheel extracts power from the gas stream.
Exercise 13. Translate text 2 in writing and entitle it.
Text 2
Three basic types of air compressors are used in gas-turbine engines: the centrifugal type, the axial single rotor type and the axial-split compressor type. Each of these compressors has its advantages and disadvantages. The centrifugal type compressor produces a high-pressure ratio in a single stage. It is easy to manufacture, durable and low in cost.

The axial-flow compressor is more efficient than the centr flow compressor and it will handle a larger volume of air for a diameter. It also provides higher pressure ratios than are possible centrifugal compressor.
The axial-split compressor provides very high pressure r 20:1. But it is of a very complicated design. It is not easy to manuft and, of course, rather high in cost.
Exercise 14. Read and translate dialogue 2.
Dialogue 2
And now let's consider the structure of the centrifugal comp The centrifugal compressor consists of the rotor and stator, centrifugal compressor rotor consists of the impeller, the guide v and two stub shafts. The impeller means "крильчатка, на- Give the meaning of the word “shaft”.
’Вал".
Good. And the "stub shaft" means - "кореневий вал".
Look at this picture (Fig.VIII.l)
Figure vm.i
T. What impeller does Fig.VIII. 1 illustrate?
S.
It illustrates the single-sided or the single-entry impeller.
T.
Look at this picture (Fig. VIII,2)
This is the double-sided or the double-entry impeller. Most gas turbine engines of the centrifugal type utilize the double-sided impeller.

[image: image10.png]- The verb "utilize” is the synonym to the verb “usc”.

, Why does this type of engine utilize the double-sided impelier?

“  Because using this type of impeller we reduce the overall diameter of
the engine. "Overall diameter” is “ saransmuit giamerp”. The rotor is
mounted by means of two bearings. "Bearing” means "nigmanuuk”.
There arc ball bearings and roller bearings. The roller bearing is
“xynskopsl migmmomex”. Can you guess the meaning of the
expression "the ball bearing™?

§. "wapuxoBmit nipmMIARK". bald

T. Right you are. And now look
ai this picture (Fig.VIIL3). This picture
shows the centrifugal compressor
t00. The ball bearing is mounted on: the
front shaft. The roller bearing supports
the rear stub shaft, What type of
compressor is illustrated in Fig. VIIL3?

§. The centrifugal type. Figure VIIL3

roller
bearing

Exercise 15. Read and translate text 3.




Text 3. Centrifugal Flow Compressor
The centrifugal compressor consists of the rotor and stator. The centrifugal compressor rotor consists of the impeller, the guide vanes and two stub shafts.
The rotor is mounted by means of two bearings: the ball bearing and the roller bearing. The ball bearing is mounted on the front shaft. The roller bearing supports the rear stub shaft.
Some engines use a single-sided or a single-entry impeller, others use a double-sided or a double-entry impeller. Most gas-turbine engines of the centrifugal types utilize the double-sided impeller as it reduces the overall diameter of the engine.
The multistage centrifugal compressors consist of two or more single -entry compressors mounted on the same shaft.
The air compressed by the first stage is passed on to the stage. This stage further compresses the air before passing it on another stage if there is one*.
*- if there is one- якщо така існує.
Exercise 16. Answer the questions on text 2.
1. What does the centrifugal compressor consist of? 2. Whai sists of the impeller, guide vanes and two stub shafts? 3. Where ball bearing mounted? 4. What bearing supports the rear stub 5. What impeller does die centrifugal compressor utilize? 6. Why d gas turbines of the centrifugal type utilize the double-sided ir 7. What does the multi-stage centrifugal compressor consist of?
Exercise 17. Translate the verb-noun pairs.
to operate - operation, to compress - compression, to utilization, to reduce - reduction, to enter - entry (entrance), to rotation, to roll - roller, to impell - impeller, to pass - passage, to ■
- development, propel - propeller, to lose -loss, to convert - conversi act-action, to move - motion (movement).
Exercise 18. Translate the words with suffix -multi”.
multi-spar, multi-bladed, multi-engined, multi-nozzle, place, multi-staged, multi-section, multi-position, multi-cl multi - mode, multi-rotor, multi -component, multi-slotted, dimentional, multi-speed.
Exercise 19. Translate “noun + noun” word combinations.
engine design, engine operation, piston engine, air flow bearing, stator blades, compressor casing, compressor rotor, ratio, fuel consumption, compressor stage, air speed, tempe combustion chamber, air intake, gas turbine, fuel-air mixture.
Exercise 20. Fill in the blanks with the words and word combinations given below.
1 .The centrifugal compressor consists of the rotor and... . 2. The rotor is mounted by means of two ... . 3. The double-sided impeller
reduces
of the engine. 4
supports the rear stub shaft. 5. The ...
bearing is mounted on the front stub shaft. 6. ... consists of the impeller, the guide vanes and two stub shafts. 7. Most gas-turbine engines of the
centrifugal type utilize
impeller. 8
is more efficient than the
double-sided type.
(the rotor, the overall diameter, bearings, the double-sided, stator, the roller bearing, ball, the single-sided compressor).
Exercise 21. Make questions to the sentence.
The impeller of a centrifugal compressor is usually constructed of a heat-treated aluminum alloy forging.
1. Is 
? 2. What is 
? 3. Which impeller 
?
4. What
of ? 5. What alloy
of ?
Exercise 22. Name the terms and translate the sentences.
1. Axial flow compressor is a type of compressor used in a gas turbine engine in which air passes through the compressor in a straight flow from front to rear. 2. Centrifugal flow compressor is a type of compressor in which air is taken into the center of the impeller and is pushed outward centrifugally into a diffuser where it is slowed and pressure is increased. 3. A rotating part of an engine, driven by the low pressure turbine, for air supply to the engine and to the duct around the front part of the engine is a fen .4. The fen provides the major portion of engine thrust.5. Engine pressure ratio is the ratio of inlet pressure to exhaust pressure measurements. 6. The ratio is used as the primary parameter to set thrust on some engines.
Exercise 23. Translate into English.
1 Компресор забезпечує необхідний ступінь стиснення. 2.0дновхідний компресор більш ефективний, ніж двовхідний.
3. Ротор компресора монтується на двох гадш
4. Кульковий підшипник підтримує передню частину коре вала. 5. Направляючі лопатки складаються разом з крильч б. У більшості газотурбінних двигунів відцентрового використовується двостороння крильчатка. ТОдяост крильчатка більш ефективна, ніж двостороння. 8. Две крильчатка зменшує загальний діаметр двигуна.
Exercise 24. Translate text 4 in writing and entitle it.
Text 4
The centrifugal compressor operates by taking in the on and rotating it by means of the impeller. The impeller of the cen' compressor is usually constructed of a heat-treated aluminum forging. The stator of the centrifugal compressor is constructed of treated aluminum alloy casting. The impeller is assembled togeth the guide vanes and the two stub shafts. The two stub shafts provi bearing support for mounting the impeller in the engine. The ball 1 is mounted on the front shaft. The rear stub shaft is supported roller bearing In case of the centrifugal compressor, some use the single-sided or single-entry compressor. This type is a little efficient than the double-sided type but its use requires a larger < for the same result Most gas turbines of the centrifugal type double sided impeller to reduce the diameter of the engine.
The efficiency of the single-stage centrifugal relatively low. It is capable of building up the pressure four or times which is known as the pressure ratio of 4 or 5 to 1.
Exercise 25. Find in text 4 eight words that can be used both as a and a verb. Give their translation.
Model; number- to number Номер - номерувати
Unerase 26. Read and translate dialogue 3.
Dialogue 3
X. Let's proceed with our theme. Do you remember what the centrifugal compressor consists of?
$. 1 he centrifugal compressor consists of the rotor and stator.
T. Right you are. The axial-flow compressor also consists of the rotor and stator. We considered the structure of the centrifugal compressor rotor, didn't we?
S.
Yes, we did It consists of the impeller, guide vanes am! two stub
shafts.
T.
That’s correct. The rotor of the axial-flow compressor consists of several bladed disks. The words “blade” and “vane” are synonyms (лопатка). The word combination “bladed disk” means “диск із лопатками”. These bladed disks are shrunk on the shaft;. The verb “to shrink” (shrink-shrank-shrunk) is translated as “насаджувати в нагрітому стані.” Each row of blades constitutes a stage. The number of stages in the axial compressor varies with the engine design. Look at this picture (Fig.Vni.4) *
[image: image11.png]



Figure VIII.4
Figure VHI.4 shows the components and the assembly of the axial- flow compressor. How many stages are there in this compressor?
S.
Let me see. There are nine rows of blades or stages.
T.
Yes, this is the “9-stage” compressor because of the 9 rows of the compressor blades. As in the centrifugal compressor the rotor is mounted by two bearings: a roller bearing and a ball bearing. The axial compressor stator consists of two half cylinders. You can easily guess the meaning of the words “cylinder" and “half cylinder”.

Т. That's correct The stator blades are used to redirect the air fr stage to the next. You know the meaning of the word to направляти. The prefix “re” means “пере”. What is the “redirect” then?
S.
I think “змінювати напрям, переспрямовувати”.
T.
Right you are. These stator blades can be shrouded and unshro “Shrouded” is “ ті, що мають бавдаж.” The prefix “un-” suppli negative meaning to the word. So, what is “unshrouded”?
S.
Ті, що не мають бандажа.
T.
That's correct.
Exercise 27. Read and translate text 5.
Text 5. Axial-Flow Compressor
The axial-flow compressor also consists of the rotor and the The rotor of axial compressor consists of several bladed disks: the shaft. Each row of blades constitutes a stage The number of the axial compressor varies with the engine design. The compressor of this type consists of 11 bladed disks shrunk on a steel and enclosed in an outer casing It is called an “11-stage” со because of the 11 rows of compressor blades. Modem axial-flow may have as many as 17 stages. As in the centrifugal compress rotor is mounted by two bearings: the roller bearing and the ball The axial compressor stator consists of two half cylinders bolted t through flanges along the edges. The two halves of them fo: cylinder which is the compressor casing. The stator blades are redirect the air from one stage to the next. They are constructed same manner as the rotor blades and have a similar shape. They shrouded and unshrouded.

Exercise. 28. Answer the questions on text 5.
1. What does the axial-flow compressor consist of? 2, What con​sists of several bladed disks shrunk on the shaft? 3. What constitutes a stage of tiie compressor? 4. What does the axial compressor stator consist of? 5. What consists of two half cylinders? 6. What is mounted by means of two bearings? 7. What are the stator blades used for? 8. What can be f. vouded and unshrouded?
Exercise 29. Translate the adverbs .
continuously, completely, experimentally, manually, permanently, simply, slowly, smoothly, substantially, alternatively, badly, directly, fairly, hardly, incidentally, necessarily, nearly, occasionally, previously, properly, readily, really, unfortunately;
acrodynamically, astronomically, geographically, mathematically, mechanically, physically, physiologically, scientifically, symmetrically, technologically, theoretically.
Exercise 30. Translate the word combinations paying attention to the underlined words.
a hot body - the heat of a body, a deep knowledge - the depth of a river, a long road - the length of a wing, a wide river - the width of an airfoil, a high tree - the height of a ceiling.
Exercise 31. Translate the verbs and their derivatives.
to direct-director-direction; to compress-compressor-compression, to rotate-rotor-rotation; to design-designer; to form-former-formation; to use- usage-useful-useless; to operate-operator-operation, provide - provider - provision.
Exercise 32. Try to guess the meaning of the words in column B. admit - дозволяти, допускати
admission of air
add -додавати
additional fuel
transmit - передавати
pressure transmission

produce - виготовлятя,випускати eject - викидати diffuse - розсіювати consume - споживати,втрачати heat - нагрівати
release - відпускати, звільнювати augment -підсюїьвати, збільшувати pass- проходити require -потребувати
Exercise 33. Look at the picture (Fig. VUI. 5) and remember mam engine components:

SHAPE  \\* MERGEFORMAT[image: image12] 

Figure VIII. 5
1. Air intake ~ вхідний пристрій, отвір, для забору повітря
2. Centrifugal flow compressor- відцентровий компресор
3. Combustion chamber - камера згорання
4. Gas turbine- газова турбіна
5. Exhaust nozzle - вихлопне сопло
Shaft - вал

Exercise 34. Look at the picture (Fig.\T3I.6). Fill in the blanks and remember the terms:
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Figure VEQL6
1. Air... - вхідний пристрій 2
compressor- осьовий компресор
3. Combustion chamber - 

4. Gas ... - газова турбіна
5. afterburner - форсажна камера
6. Exhaust (propulsive) nozzle - ... (реактивне) cormo
Exercise 35. Fill in the blanks using words and word combinations in
brackets..
1. The axial-flow compressor consists of... and.... 2. The rotor of
axial-flow compressor consists of several
 3. The rotor is mounted
by means of two ... . 4. The axial-flow compressor stator consists of two

5. The two stator halves: are bolted together through ... .6. The
cylinder is the compressor.... 7. The stator blades can be shrouded and...
(bladed disks, flanges, unshrouded, the rotor, stator, bearings, casing , half cylinders)
Exercise 36. Translate into English.
1. Осьовий компресор складається з ротора і статора. 2.Декілька дисків із лопатками насаджуються на вал. 3. Ротор осьового компресора складається з декількох дисків із лопатками. 4. Кожен ряд лопаток складає один ступінь. 5. Ротор монтується за
допомогою двох підшипників. 6. Статор складається з нагавциліндрів, які є кожухом компресора. 7. Лопатки с перенаправляют, потік повітря з одного ступеня на інший, конструкцією лопатки можуть бути бандажовані і небандажов
Exercise 37. Check if you remember the following words, assemble - збирати bearing - підшипник ballbearing - кульковий підшипник roller bearing - роликовий підшипник bladeddisk - диск із лопатками casing - кожух casting - відливка compressor rotor - ротор компресора cost - ціна diameter- діаметр double-entry -двовхідний forging - ковка, штамповка half cylinder - напівцилівдр mount - встановлювати, монтувати obtain- отримувати overall - загальний, весь redirect- перенаправляти requirement- вимога rim- обід row-ряд
shrink - насаджувати на вал shrouded - бандажований single-entry - одновхідний single-sided - односторонній stage - ступінь stationary - постійний utilize - використовувати volume - об’єм

T. And now let's proceed to the third type of the compressor - the axial- ' split compressor type. Look at the picture (Fig.VIII.7). This is a typical two-spool compressor. Spool is каскад. It consists of two rotors: a low-pressure rotor (N1) and a high-pressure rotor (N2). How many stages are there in a low pressure compressor?
S.
There are 2 stages.
T.
Right you are. This low-pressure compressor is made up of 2 stages. And what about a high-pressure compressor? How many stages does a high-pressure compressor have?

S.
It has 5 stages. It is a 5 stage compressor.
T.
That's good. Two compressor rotors in a two-spool system are mounted on the separate shafts. The shaft of the rear rotor is hollow. “Hollow” means “ пустотілий, порожнистий”. What is the English for “порожнисті лопатки”
S,
“Hollow vanes”.
T.
Quite right. The shaft of the front rotor passes through the hollow shaft of the rear rotor. Between the two rotors of the two-spool compressor there are guide vanes. They give proper direction to the air flow from the low-pressure section to the high-pressure section. Will you translate "low-pressure section” and “high-pressure section” ?
S.
” Секція низького тиску” і “секція високого тиску”.
T.
Right you are. Thank you.

Exercise 39. Read and translate text 6.
Text 6. Axial-Split Compressor Type
The axial-split compressor consists of two rotors. One is pressure rotor, the other is a high-pressure rotor. The high pressur causes pressure rise in the air leaving the low pressure rotor. Tw~ compressors are used in both turbojet and turboprop engines.
The high-pressure rotor is governed for speed, and the low-pressur is free to operate at its own best speed. The two compressor rot mounted on separate shafts. Each rotor has the front and bearings. The rear bearing for each rotor is a ball bearing; compressor rotor is supported by the roller bearing at the fro compressor rotor consists of steel bladed disks. The compressor ’ are made of forged alloy steel and are mounted on the rim of the Between the two rotors of the two-spool compressor there is a si structure for rotor bearings and guide vanes. The guide van designed to give proper direction to the airflow from the low-pr section to the high-pressure section. Since the two-spool engine for high-power and high pressure ratios most of the parts are со. of alloy steel instead of alluminium alloy.
Exercise 40. Answer the key questions on text 6.
1 .What does the axial-split compressor consist of? 2. What і governed for speed? 3. What rotor is free to operate at its own best 4. Where are guide vanes located? 5. What are the compressor made of? Why? 6. What is the rotor supproted by? 7. What is i name of the axial-split compressor?
Exercise 41. Put questions to the underlined words.
1 .Each row of blades constitutes a stage. 2. The axial-flow lessor consists of two rotors. 3. The two compressor rotors are m on separate shafts. 4. Most of the parts are constructed of alloy 5. The guide vanes give a proper direction to the airflow. 6 compressor blades are mounted on the rim of die disk

jxercise 42. Make a brief summary on text 6.
jjcercise 43. Match the definitions in left column with the terms in right
jolumn.
1 .The forward moving force produced by a
inlet guide vanes
propeller or a jet or rocket engine as exhaust gases are ejected through the exhaust nozzle.

hollow - пустотілий, пшожяистий multistage - багатоступеневий гіга - обід
stationary -постійний, сталий volume -об'єм
osiforman.ce ~ робота, характеристика, данні
Exercise 46. Speak on:
1. Types of Compressors.
2. The Centrifugal Type Compressor.
3. The Axial-flow Compressor.
4. The Axial-split Compressor.
Supplementary Reading
Text 1. How Thrust is Developed
Thrust is the pulling or pushing force developed by an a* engine. Aircraft need thrust to propel them through air. The req thrust may be developed by rotating pulling or pushing propell means of piston or reciprocating engines, or by throwing back mas air by means of gas turbine engines. Spacecraft need thrust to propel^ through space They develop thrust using the power of their r engines and do not need air for support. Spacecraft carry the re supply of fuel and oxidizer with diem,
A simple piston engine works on a four-stroke cycle, consis*; induction, compression, combustion and exhaust. But air flows s' through a jet engine. Yet a jet engine has the same four stages, simplest of all jet engines is a ram jet. It is a tapered tube, open at ends, into which fuel can be injected, When the tube moves, air into the tube, and this corresponds to the induction stage in the engine. Once inside the tube, die air slows down because the tube wi The kinetic energy released by this loss of velocity is converted pressure energy and heat, and this corresponds to the compression s
the piston engine. Then fuel is injected and ignited As in a piston this causes a big tise in temperature, but there is very little rise in pressure because the exhaust gas is free to escape through the rear of tire tube. This corresponds to the combustion stage in the piston engine, finally the exhaust gases escape into the atmosphere, driving the engine forwards, which corresponds to the exhaust stage of the piston engine.
To understand the mechanics of thrust development, we must remember Newton's third law of motion: "For every force acting upon a body, there is an equal and opposite reaction". In our case, the "body" is the volume of air that is passing through the engine. We must also understand that the forward thrust occurs inside the engine itself, it is not caused by the high-pressure exhaust gases acting on the outside atmosphere. This is well illustrated by rocket engines which propel spacecraft through empty space.
Exercise 1. Find in the text English terms corresponding the following definitions.
1. Engines, developing thrust by throwing back masses of air. 2.Engmes, developing thrust by rotating pulling or pushing propellers. 3 A tapered tube, open at both ends, into which fuel can be injected 4. The stage, during which the exhaust gases escape into the outside atmosphere. 5. The stage, during which a big rise in temperature occurs. 6 The stage, during which the air slows down and its pressure and temperature increase
Text 2. Gas Turbine Engine Compressor
The gas turbine engine consists of a rotary air compressor with an air intake, one or more combustion chambers, a turbine, mid an exhaust outlet. There are two basic types of rotary air compressors, one giving a centrifugal flow and the other an axial flow. Both types are driven by the engine turbine and are coupled direct to the turbine shaft. The centrifugal flow compressor is a single or two-stage unit employing an impeller to accelerate the air and a diffuser to produce the required pressure rise. The
axial flow compressor is a multi-stage unit employing alternate r rotating and stationary blades to accelerate and diffuse the air required pressure rise is obtained. The centrifugal compressor is more robust than the axial compressor and is also easier to rnanu The axial compressor, however, consumes far more air than, a ceri compressor of the same frontal area and can also be designed fi pressure ratios much more easily. Since the airflow is an important in determining tire amount of thrust, this means that the axial сов engine will also give more thrust for the same frontal area.
Exercise 2. Answer the questions on text 2.
l.What is the principle of the centrifugal flow com operation? 2. What are the advantages and disadvantages centrifugal flow compressor. 3. How can pressure ratio of the axr compressor be increased?
Text 3. Compressor
The compressor must satisfy a number of requirements if it ‘ suitable for use in a gas turbine.
It is required to raise the entry air pressure by an amount < on the cycle being used. The pressure ratio across the compressor ’ anything from 3 or 4 : 1 to as much as 20 or 30 : 1 The higher ] ratios cannot be developed in a single unit, and a number of units in must be used. This compression must be effected with as little 1 possible, for the greater the loss the more power must be suppl* the turbine driving the compressor. In general the losses in a com; vary with the conditions under which it is being operated. It is important therefore that the conditions under which these lo low and the efficiency therefore is high should correspond as do* possible with those under which the compressor will have to op the complete gas turbine system. In most forms of compressor th region of instability in which unsteady flows occur. It is most de and usually essential that the compressor should not be rec operate in this region.
These are the most important general aerodynamic requirements f the compressor. There are of course special requirements in addition jn many of the specific application of the gas turbine. For example, in the compressor of the aircraft turbine engine, the compressor must be as compact and light as possible and must be able to deal with as much air as possible in a given frontal area.
Exercise 3. Put 3 key questions on text 3.
Exercise 4. Translate text 4 in writing.
Text 4. Compressor (Continued)
There are a number of different types of compressor that could be used in a gas turbine, and each has something to be said for and
against it.
The axial compressor has so far been used more than any other type and is likely to remain in favor. Its principal and overwhelming advantage is that it can develop a higher efficiency than any other type. From the aircraft point of view it has the further advantage of low frontal area for a given air flow. At the present time, however, it is comparatively expensive to make owing to its large number of blades. The pressure ratio that can be developed in a single unit axial compressor is probably fairly high—at least 12:1. But the characteristics of such a compressor would be quite unsuitable for use in a gas turbine, and starting would be impossible without motoring the unit up to a speed well over half the design speed. It is not yet known for certain what is the highest pressure ratio that can be developed in practice while still retaining a flexible engine. It is at least 8 : 1 and may with further know​ledge be as high as 10 : 1. The actual value is probably only of academic interest. A design of a multi-stage axial compressor is mostly for industrial use.
The centrifugal compressor is a more robust machine than the axial and less susceptible to dirt and other foreign bodies. Although its efficiency is lower, the variation of its efficiency with air flow is less than in the axial so that matching of a number of stages in series is easier.

Unit IX. COMBUSTION CHAMBER
Exercise 1. Remember the following word combinations:
overall efficiency
загальна ефективність
combustion diamber (combustor/bumer) камера згорання fuel consumption fuel combustion
pressure loss(es) oxidizer (=oxidant) temperature distribution combustor outlet
produce power expand the air bum fuel deliver the air spray fuel ignite fuel derive energy convert energy provide conversion accomplish conversion release heat
withstand high temperatures cool heated gases
Exercise 2. Read mid translate text 1.
Text 1. Combustion Chamber.
Main Tasks and Purposes
Different lypes of engines result from choosing configurator yield a desired high overall efficiency in various flight regimes.
As aircraft engines produce power through the combustion o' it is very important to provide satisfactory combustion process process takes place in the combustion chamber, which is one о major components of any gas-turbine engine. The combustion cha is designed to expand the air passing through the engine by burning in the air stream. Air is delivered from the compressor to the comb*
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where, the fuel is sprayed into the air (atomized) and ignited, combustion takes place, and the gases pass out through the turbine.
All aircraft engines are heat engines in which thermal energy derived from the combustion of fuel with air (or an oxidizer) is converted to useful work. Combustion efficiency is of particular importance because of the great fuel consumption.
A perfect combustion chamber must meet two basic requirements: first, it must provide maximum conversion of fuel chemical energy into heat energy of gas, and, second, this conversion must be accomplished with minimum pressure losses, hi addition, the combustion process must proceed evenly and continuously, so that the constant temperature distribution at the combustor outlet may be provided.
The fuel burning process results in the release of heat that is why the chamber is made of materials that can withstand high temperatures. Approximately one forth of the air entering the combustion chamber is burned with the fuel. The rest of the air saves to cool the heated gases to a level, which will not damage the turbine nozzle and blades. Therefore the design of the combustion chambers must be such that adequate fuel combustion is accomplished and that proper cooling is attained.
Exercise 3. Answer the questions to ted 1 in the written form.
1 What do different types of aircraft engines result from? 2. How do aircraft engines produce power? 3. Why is it very important to provide a satisfactory combustion process? 4. Where does combustion take place? 5. What is the combustion chamber designed for? 6. Why are all aircraft engines said to be heat engines? 7. Combustion efficiency is of particular importance, isn’t it? Why? 8. What two basic requirements must a perfect combustion chamber meet? 9. What kind of materials is the combustion chamber made of? Why? 10. What must the design of the combustion chamber provide?
Exercise 4. Match the English and Ukrainian equivalents:
Давати високу загальну ефективність an oxidizer (=oxidant) згорання палива
fuel consumption
камера згорання (КЗ)
cool the heated gases
розширювати повітря
convert to useful work

подавати повітря
розпилювати та розпалювати паливо теплові двигуни
перетворювати в корисну роботу
окисник
витрата/ споживання палива забезпечити максимальну конверсію мінімальні; втрати тиску проходити рівно
забезпечити постійну температуру виділення тепла
витримувати високі температури
приблизно
залишок
охолоджувати гарячі гази лопатки і сопло турбіни пошкоджувати
Exercise 5. Translate into English.
1. Процес згорання палива має місце в камері зго; 2. Функція камери згорання - розширювати повітря спалювання палива в струмені повітря. 3. Теплова енергія, отримується в результаті згорання повітряно-паливної су перетворюється в корисну роботу. 4. Процес згорання палив проходити рівно та безперервно, забезпечуючи розподіл пос температури на виході з камери. 5. Повітря, що поступає до ка згорання, використовується як для процеса згорання палива, для охолодження нагрітих газів.
Exercise б. Listen to the dialogue, practice fluent reading and rent the terms.
T, - Let us consider the construction features (констру особливості / характеристики) of the combustion chamber significance (значення) for the performance (робота; властивіс the engine in general. The engine performance is known to depe~ the performance of its components. So, does each component q engine influence the performance of the engine in general?

$ - Yes, it does. The engine performance depends on the performance of its major components.
T. - Right. And what’s more, the shape of the components and other mechanical characteristics determine the beharvior of each component and the engine on the whole, and же taken into account in the engineering choices of the design of propulsion systems (система тяги). Each of the three basic engine types [reciprocating (поршневий), jet (реактивний) and rocket (ракетний) engines] requires a certain combustion chamber for operation.
S - Do you mean that the engine type determines the choice of the combustion chamber for its proper operation?
T - Quite right The jet engine, for example, utilizes the burner, i.e. a straight-through type of the tubular combustion chamber (прямоточна трубчата камера згорання); the reciprocating engine uses the cylinder type of the combustion chamber (циліндрична камера згорання); while the rocket engine uses a combustion chamber similar to the jet.
Exercise 7. Read, translate mid entitle text 2.
Text 2
Engine performance is related to the performance of several major components of the engine (inlet, compressor, burner, turbine, nozzle). The behavior of each component is determined by its shape and other mechanical characteristics. They all play important roles in the engineering choices that enter into the design of propulsion systems whether the application is on the ground, in an aircraft or in з launch vehicle.
There are three basic engine types, each requiring a different form of the combustion chamber for operation. These are reciprocating, jet and rocket engines.
The jet engine utilizes what is essentially a straight-through type of the tubular combustion chamber called die burner. The driving force of the engine is derived from the reaction of the burning gases, which are exhausted directly from the combustion chamber through the. nozzle.
The reciprocating engines use pistons to compress the air-fuel mixture in the combustion chamber or cylinder, and the explosive force

of ignition within the chamber drives the piston downward to rotating shaft.
The rocket engines use a combustion chamber similar to the j exhaust the burning gases through the nozzle. The principle diffe. that rockets do not use a source of air from outside the engine. Fuelf oxidizer to provide oxygen, is carried in the rocket and injected ‘ combustion chamber.
It is clear therefore that each particular application considered on its merits and an appropriate form of the com* system must be devised. Very good combustion efficiency, low- loss, extreme reliability and long life are required
Exercise 8. Ask key questions to the text.
Exercise 9. Translate the verbs and their derivatives, pay attention
suffixes:
relate - relation; behave - behavior; determine - detemr apply - application; require - requirement; utilize - utilization; ignition; mix - mixture; compress - compression; perfi performance; rotate - rotation; provide - provision, inject - inje compare - comparison.
Exercise 10. Find synonyms among the entries of the list given be
combust, carry, provide, choose, get, define, yield, revolve, apply, require, deliver, operate, concern, utilize, bum, ensure, select, demand perform, rotate, produce, derive.
Exercise 11. Complete these sentences giving equivalents for the in brackets.
1. The choice of the combustor size is determined by двигуна). 2. (Принципова різниця) is that rockets do not use a of air from outside the engine. 3. The driving force of the er derived from (реакція спалюємих газів) which are exhausted < from the combustion chamber through the nozzle. 4. (Порш двигун)изез pistons to compress the air-fuel mixture in the comb chamber or cylinder. 5. Fuel, plus (окисник) to provide oxyg
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carried in the rocket and injected into the combustion chamber. 6. The engine performance (визначається) by the performance of several major components of the engine. 7. Each engine type (вимагає) a different form of the combustion chamber for operation.
Exercise 12. Remember the following terms.
can-type (individual type) combustor annular type combustor cannular type combustor outer liner/case/casing inner liner fuel nozzle fuel manifold flame tube holes and louvers to atomize fuel primary air secondary air air compressor
Exercise 13. Read and translate text 3.
Text 3. Combustor design
Considering a family of combustors, we can observe that they are identical except for different pressures and mass flows. The combustor is one of the major components of any gas-turbine engine. It is the part of the engine where fuel is mixed with air and burned thus expanding the air flowing through toe engine. The types of gas-turbine combustors most commonly used are: can-type (individual type), annular type and cannular type. Basically, each combustor consists of an outer liner (or case), inner liner, one or more fuel nozzles, fuel manifolds and a flame tube.
Air flows from the compressor into the combustor between the inner and out» liners, both being provided with holes and louvers for the entry of primary and secondary air. All process of combustion hikes place inside the inner liner at approximately constant pressure. In the combustor flame tube only enough primary air is mixed with the fuel to provide a correct mixture for burning- After the burning is completed,
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the secondary air joins the burning mixture to provide cooling. The nozzles, designed to inject and atomize fuel, are attached to the manifolds.
The combustor is spaced around the engine between the compre and turbine section. When the engine is operated at its maximum po the exit temperature from a combustor is well above the level at w. the oxidation-resistant super alloys can operate for long periods. For reason, the structure of the combustor must be cooled by a portion of compressor discharge air, which will then mix with the combi; product to become a part of the turbine flow.
Exercise 14. _Find at least 3 examples of the Present Simple Active 3 examples of the Present Simple Passive in text 3. Write the sent as general questions, then turn them into disjunctive and alter
questions.
e.g. Air flows (Present Simple Active) from the compressor into combustor between the inner and outer liners.
Does air flow from the compressor into the combustor bet the inner and outer liner? Air flows from the compressor into combustor between the inner and outer liners, doesn’t it? Does air fl from the compressor into the combustor or into the turbine?
Fuel is mixed (Present Simple Passive) with air and burned the combustor.
Is fuel mixed with air and burned in the combustor? Fuel: mixed with air and burned in the combustor, isn’t it? Is fuel mixed air and burned in the combustor or in the compressor?
Exercise 15. Translate these questions into English and answer them.
1. Камера згорання - один з основних компої авіаційного двигуна, чи не так? 2. Чи є ідентичними ка згорання у різних двигунах? 3. Для чого призначена ка~ згорання? 4. Які види камер згорання використовують, газотурбшшх двигунах? 5. З яких елементів складається каь згорання? б. Зовнішній та внутрішній кожухи є голові частинами індивідуальної камери згорання , чи не так? 7. трапляється з повітряним струменем,, який потрапляє до згорання? 8. Для чого використовуються паливні форсунки? 9.
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розташовується камера згорання? 10. Чому камера згорання потребує охолодження?
Exercise 16. Retell the text, making use of the translated questions as the outline of the text.
Exercise 17. Fill in the blanks with appropriate words.
1. In the combustor flame tube only enough primary air is mixed with the fuel to provide... 2. Both ... are provided with holes and louvers. 3. The whole process of combustion takes place ... at approximately constant pressure. 4. ... are used to inject and atomize fuel 5. The exit temperature from a combustor is well above the level at which ... can operate for long periods. 6. The structure of the combustor must be cooled by... 7. Combustors are identical ... different pressures and mass flows.
(the compressor discharge air; except for; the outer and inner liners; the fuel nozzles; a correct mixture for burning; the oxidation-resistant super alloys; inside the inner liner )
Exercise 18. Remember the terms:
flame stabilization or anchoring continuous ignition complete combustion/buming engine disassembly
circumference of the chamber punch holes
diffuse the compressed air maintain a flame pattern pressure equalization anchor the flame swirl vane

Text 4. Types of Combustion Chambers
The following types of combustors - can-type (individual annular type and cannular type - are known to be mainly used for turbine engines.
The individual or can-type combustion chamber
ВЖШ1
CASK
slats r»».
1 ХЗШШВГАП ЮТ
г
сшшкю
Figure IX. 1
The design of individual or can-type combustion chambers seems be rather simple, as illustrated in Fig.IX.l, however, it is quite cor in operation. Its operation is characterized by the necessity flame
stabilization or anchoring that is the smooth continuous ignition pr In order to anchor the flame and secure complete combustion, a str reverse flow of heated air and gas must be produced.
One of the advantages of having individual combustion chambe that replacement of combustion chambers and liners is possible wit complete engine disassembly.

The annular combustion chamber
The annular combustion chamber has a variety of configurations as designed by individual engine manufacturers. Basically, an annular combustion chamber is a single chamber completely surrounding the engine. Fig. TX.2 illustrates this type of the combustion chamber. Fuel is fed through fuel nozzles, which distribute the flame around the circumference of the chamber. The chamber outer case (liner) is punched with uniform rows of holes, which diffuse the compressed air and help to maintain an efficient flame pattern.
[image: image14.png]



Figure IX.2
The annular chamber has important advantages: minimized friction between the gas and the combustor surfaces, improved annular pressure equalization and reduced weight, all adding to the efficiency of this combustor type.
The Cannular Combustion Chamber
The cannular or “сап-armular” combustion chamber is a combination of the “can” type and the “annular” type. Fig.EX.3 illustrates a cannular combustor consisting of a number of combustion chambers or “cans” arranged evenly around the circumference of an

annular chamber. Each separate chamber is in the form of a se annular chamber, in that there is an inner liner through which air flc to cool the inside of the chamber. Both the inner and outer liners * provided with holes for the entry of primary and secondary air.
COMBUSTION CHAMBSR—J OUTER CASE j
ПЕНЮШЕШАО-
СШ/ "

Figure 1X.3
Each combustion chamber is supplied with fuel through fuel no mounted at the head of the chamber. The nozzles are attached to the | manifold. The primary air for the combustion of fuel enters chambers through swirl vanes, arranged around the fuel nozzles, contributes to good mixing of air and fuel and even burning, combustor design secures complete burning of the fuel, thus the most efficient combustor type.
Exercise 20. Answer the questions.
1. What types of combustors are known to be mainly used for j turbine engines? 2. Is a can-type combustor as simple in operation i design? 3. What is the main characteristic feature of its operatl 4. What must be done to anchor the flame? 5. What advantages of

individual combustion chamber do you know? 6. The configuration of the annular combustion chamber depends on the choices of individual engine manufacturers, doesn’t it? 7. What kind of chamber is the annular combustor? 8. What’s the function of fuel nozzles? 9. Do the holes punched in the outer liner help to diffuse the compressed air and to maintain an efficient flame pattern? 10. What advantages make this combustor attractive for manufactures? 11. Which of the combustors is з combination of two types? 12. What is the peculiarity of its design? 13, Does this combustor design secure complete burning of the fuel and make it the most efficient combustor type?
Exercise 21. In text 4 find English equivalents to the following words and phrases. Make up sentences with these words and phrases:
індивідуальна камера згорання, стабілізація полум’я; безперервне горіння; заміна компонентів; повний демонтаж двигуна; окружність; пробивати; розпилювати; забезпечити повне згорання.
Exercise 22. Write a short summary of text 4.
Exercise 23. Translate the following Past Participle combinations. Define in which of them Past Participle is used as an attribute to the noun and in which it is used as a part of a participle construction:
supplied through fuel nozzles; heated gases; provided with holes; minimized friction; characterized by the necessity; reduced weight, used in a modem turbine engine; designed by individual engine manufacturers; compressed air; punched with uniform rows of holes; improved pressure equalization.
Exercise 24. Ask questions to the underlined parts of the sentences.
1. Can-type combustors operation is characterized by the necessity of flame anchoring. 2. Fuel is fed through fuel nozzles distributing the flame all around the chamber. 3. This combustor design secures complete burning of the fuel. 4. The annular chamber has important advantages: minimized friction. improved pressure
equalization and reduced weight 5. The cannular combustor consis a number of combustion chambers or “cans” arranged evenly around circumference of an annular chamber.
Exercise 25. Translate text 5 in the written form. Put key questic die text.
Text S. Combustion chamber operating cycle
Providing & proper combustion process is very important as the oxidation reaction is the only source of energy in the engine, process of combustion takes place in a gas turbine with a stationary of flame at approximately constant pressure.
The combustion process consists of four steps, namely:
$
a) formation of the combustion mixture, which includes:
· atomization of fuel
· vaporization of fuel
· provision of turbulence of the air flow;
b) ignition of the mixture;
c) flame movement or combustion propagation;
d) addition of the secondary air.
The introduction of the fuel and air into all types of comb
similar. The compressed air entering the chamber is separated ini primary and secondary streams. The primary air will take part process of combustion. It will be mixed with fuel to provi combustible mixture. The primary or combustion air is fed intd; chamber at low velocity. The turbulence of this air is provi passing it through a series of holes. This turbulence helps in mixing of air with fuel. The fuel is sprayed into the combustor the fuel nozzles. The fuel nozzles are devices for injecting atomizing the fuel. The number of them varies with the comb chamber design. The fuel and air must be highly homogeneous. В mixing can occur the liquid fuel must be vaporized.
As the burning continues, the secondary air is admitted to combustor at increasing velocities to provide air for the comple ' combustion and to reduce the temperature of the combustion prod a value permissible in the turbine. The completeness of comb directly influences the heat release, and hence the fuel consumpti the engine.
Exercise 26. Fill in the table with derivatives of the below given words and possible word combinations.
(reduction; complete; oxidation; compress; design; provision; variety; operate)
	Verb
	Noun
	Adjective
	Participle
	Possible
word
combinations

	consume
	consumption
consumer
	consumable
	consumed
consuming
	consume power; specific fuel consumption; time consuming; consumer goods etc.


Exercise 27. Read, translate and entitle text 6.
Text б
It is universally recognized that even the most modem internal combustion chamber is far from being perfect, and even with an ideal engine - using compression ratio of 7:1 - almost 90 % of the heat supplied by combustion cannot be converted into useful work. In practice a big proportion of the heat of fuel combustion fails to be transformed into work and is rejected as “waste heat”. Most of the waste heat is disposed off easily in the exhaust gases, but the remainder is absorbed by the cylinder walls and head and by the piston tending to cause overheating of the engine.
We must therefore get rid of the heat, which cannot be turned into work, and we must do this with the expenditure of as little energy as possible. The flow of heat from any “hot” body takes place by three different physical processes: radiation, conduction and convection. All these are used in engine cooling. Two methods of removing the heat are employed: air cooling and liquid cooling. In all cases the heat is eventually dissipated into the atmosphere.

Effective air cooling depends on the velocity of the air str size and shape of the fins, the conductivity of the material, the i ' action of 1he air over the surfaces to be cooled, and the colour о fins.
Exercise 28. Define the parts of speech; write words of the meaning, translate the pairs :
internal; useful; overheating; maximum; different; engine coo radiate.
Exercise 29. Translate the following word combinations; use th sentences of your own:
source of energy; at constant pressure; stationary type of combustion propagation; provide a combustible mixture; consumption; fuel oxidation reaction; at low velocity; provi turbulence; heat release; reduce combustion products temperature.
Exercise 30. Comment cm the statements if they are true or wrong.
1. Perfect combustors have been developed recently.
2. hi practice most of the heat of fuel combustion is transformed tif useful work.
3. Most of the heat is absorbed by the cylinder walls and the piston
4. Two methods of removing the heat are employed: air cooling and liquid cooling.
5. Different physical processes, radiation, conduction and convecti are used in engine cooling.
6. Most of the waste heat is disposed off easily in the exhaust gases.
7. Effective air cooling depends only on the velocity of the air

Exercise 31. Speak on the following topics.
1. The design of combustion chambers.
2. Types of combustion chambers and their advantages.
3. Combustion chamber operating cycle.
Exercise 32. Check if you remember the following words and word
	combinations:
accomplish conversion air compressor anchor the flame annular type combustor atomize fuel burn fuel
cannular type combustor can-type (individual type) combustor
	завершити перетворення повітряний компресор стабілізувати полум’я кільцева КЗ розпилювати паливо зпалювати паливо трубчато-кільцева КЗ індивідуальна КЗ


circumference of the chamber
окружність камери
combustion chamber (combustor/bumer) камера згорання
	combustor outlet
complete combustion/buming
continuous ignition
convert energy
cool heated gases
deliver the air
derive energy
diffuse the compressed air
engine disassembly expand the air
flame stabilization or anchoring
flame tube
fuel combustion
fuel consumption
fuel manifold
fuel nozzle
holes aid louvers
ignite fuel
	вихідний отвір КЗ повне згорання безперервне горіння перетворювати енергію охолоджувати гарячі гази постачати повітря отримувати енергію розпилювати стиснуте повітря
демонтаж двигуна розширювати повітря стабілізація полум’я жарова труба згорання палива витрати палива паливний патрубок паливна форсунка отвори і прорізи розпалювати паливо


inner liner
maintain a flame pattern outer liner/case/casing overall efficiency oxidizer (^oxidant) primary air pressure equalization pressure loss(es) produce power provide conversion punch holes release heat secondary air spray fuel
temperature distribution withstand high temperatures внутрішній кожух підтримувати режим по зовнішній кожух загальна ефективність окисник
первинне повітря вирівнювання тиску втрата тиску виробляти енергію забезпечувати леретвор пробивати отвори виділяти тепло вторинне повітря розпилювати паливо розподіл температури вигримувати високу температуру

Unit X. TURBINE SECTION
Exercise 1. Make a list of words referring to the description of the turbine section. Compare your lists.
Exercise 2. Read and translate text 1. Tell what new information you have acquired after reading it.
Text 1. Turbine
Turbine is the machine for directly converting the kinetic and/or thermal energy of a flowing fluid into useful rotational energy. The working fluid may be air, hot gas, steam or water. This either pushes against a set of blades mounted on the drive shaft (impulse turbines) or turns the shaft by reaction when the fluid is expelled from nozzles (or nozzle-shaped vanes) around its circumference (reaction turbines). Water turbines were the first to be developed, hi the 1880s Charles Algernon Parsons (1854-1931), a British engineer designed the first successful steam turbine, having realized that the efficient use of high-pressure steam demanded that its energy be extracted in a multitude of small stages. Steam turbines thus consist of a series of vanes mounted on a rotating drum with stator vanes redirecting the steam in between the moving ones. They are commonly used as marine engines and in thermal and nuclear power plants. Gas turbines are not as yet widely used except in airplanes.
Exercise 3. Match a word in A with a word in B.
	A
	В

	flowing
	power plant

	impulse
	engineer

	British
	shaft

	efficient
	drum

	rotating
	vanes

	nuclear
	use

	stator
	steam

	high-pressure
	energy

	drive
	fluid

	convert
	turbine


Exercise 4. Give English equivalents to: кінетична енергія, комплект лопаток, ведучий вал, активна реактивна турбіна, сопло, коло, статорні лопатки, ротаційна єн
Exercise 5. Make nouns by adding the noun-forming suffix - er translate them:
convert, use, steam, push, drive, develop, design, extract, move.
Exercise 6. Work with a partner. Answer the following questic the text.
1. What is the turbine used for?
2. What may be used as the working fluid for turbine operation
3. How does the impulse turbine work?
4. How does the reaction turbine work?
5. What did Ch. Algernon Parsons have to realize to design1 successful steam turbine?
6. What do steam turbines consist of?
7. What turbines are used in airplanes?
Exercise 7. Complete the following statements.
1. Turbines are used for converting energy of a flowing into...
2 The working fluid may be...
3. The firstto be developed were...
4. Ch. Algernon Parsons realized that the efficient use of Ы pressure steam demanded that...
5. Steam turbines consist of...
Exercise 8. Write a summary of text 1 using the following words:
convert, energy, flowing, fluid, rotational energy, a set of bla drive shaft, nozzles, extract, rotating drum, gas turbines.

Exercise 9. There are three different pronunciations of-ed in the П- ,iJ and Ш-d forms of regular verbs.
[ ~~ M I M I №
designed
asked
created
Distribute the following verbs according to their pronunciation:
converted» required, used, extracted, called, illustrated, accompanied, compressed, subjected constructed provided remembered, cooled passed decreased.
Improving stalls.
Taking notes in English
Here are a few tips to help you make notes.
1) Use recognized abbreviations: e g. - for example - наприклад
etc - et cetera (and the rest) - і таке інше hp - horsepower - кінська сила hrs - hours - години
lb, ibid - in the same place - в тому ж місці
і е. -that is-тобто
no(s) - number (s) - кількість
і pm - revolutions per minute - оберти за хвилину
asap - as soon as possible - якомога швидше
л, - therefore - таким лином
& - and - та
-goto/leadto-призводитьдо < - less than / fewer than - менш ніж > - more than - більше ніж
2) Only write the content words; omit others, especially grammar words: The speed will achieve 6,500 rpm. - Speed 6,500 rpm.
3) You can also use your own invented abbreviations.
Exercise 10. Lode at die way this paragraph has been put into note form. Rewrite it in complete sentences.
+ 20 engines -> Italy last year. Total number = 200 units —► profit
$ 50.000.

Dialogue 1
T. The turbine section is one of three principal sections of і turbine engine. It is located after the combustion chamber. In the 1 section the kinetic energy of expanded gases is extracted and conv into useful rotational energy (корисна обертальна енергія). This ] is used to drive the compressor and accessories in a turbojet engine, in a turboprop engine die power is used to drive the propeller as Look at figure X.1, please.
You see a typical arrang of the turbine assembly, consists of two parts: the t nozzle diaphragm (“conn апарат”) and the turbine assembly (“робоче к турбіни”). The first cc consists of hollow vanes we between two concentric The second part, that is turbine-rotor assembly, of a turbine wheel car rotor set of stationary vanes.
Where is the turbine located?
S.
The turbine section is located after the combustion section.
T.
Quite right. What process takes place in the turbine section?
S.
The kinetic energy of expanding gases is extracted and con- into useful rotational energy in the turbine section.
T.
Thus, what is the function of the turbine assembly?
S.
The function of the turbine assembly is to extract power from jet stream for driving the compressor and accessories in turbojet and to drive the propeller as well in turboprop engines.
T.
What does die turbine assembly consist of?
S.
It consists of two parts: the turbine nozzle diaphragm and turbine rotor assembly.
T.
That’s correct. Thank you.

Dialogue 2
T. The nozzle diaphragm consists of hollow vanes welded between two concentric rings.
The function of tiie nozzle diaphragm is to accelerate and direct hot gases onto the buckets of the turbine wheel. The nozzle vanes are usually constructed of high temperature alloys.
And now look at figure X.2, please.

Figure X.2
This picture shows the turbine rotor assembly. It is usually comprised of three mam elements: a shaft, a turbine wheel or rotor and a set of stationary vanes. Turbine discs are constructed of corrosion- resistant high-temperature nickel alloys. Turbine buckets are usually forged from a heat-resistant nickel-chrome alloy. Turbine buckets are attached to the turbine wheel rims by the fir-tree attachment (хвостовик типу “ялинка”).
What does the nozzle diaphragm serve for?
S.
It serves for accelerating aid directing hot gases onto the buckets of the turbine wheel.
T.
What does the nozzle diaphragm consist of?
S.
It consists of hollow vanes welded between two concentric rings.
T.
What are nozzle vanes usually made of?
S.
They are made of high-temperature alloys.
T.
What does the turbine rotor assembly consists of?
S. It consists of a shaft, a turbine wheel or rotor and a set of stationary vanes.

T. What are turbine discs made of?
S.
They are made of corrosion-resistant high-temperature alloys.
T.
And turbine buckets?
S.
They are usually forged from heat resistant nickel-chrome allqj
T.
What attachment is often used to fasten turbine buckets wheel rims?
S.
The “fir-tree attachment” is often used for that purpose.
T,
That’s correct. Thank you.
Exercise 11. Read text 2 and translate it
Text 2. Turbines
A turbojet engine may have a single-stage turbine or a: arrangement Tvoical turbines (single stage mid three stage) are ilk in figures X.3 and X.4.
tXSLi^. Ш=Г .1 1-ifl »
THREE STAGE
SIHGLf STAGE
Figure x.3
The function of the turbine in the turbojet engine is to extract! energy from the high-velocity gases leaving the combustion section off engine The energy is converted into useful rotational energy for 1 purpose of driving the compressor. Approximately three-fourths of ' energy available from the burning fuel is required for the compressor^ the engine is used for driving a propeller or a power shaft, up to’ percent of the energy of the gases will be extracted by the turbine:

Turbines are of three types: the impulse turbine, the reaction turbine, and a combination of the two called a reaction-impulse turbine. Turbojet engines normally employ the reaction-impulse type.
The difference between an impulse turbine and a reaction turbine is illustrated in figures X.S and X.6. The pressure and speed of the gases passing through the impulse turbine remain essentially the same, the only change being in the direction of a flow. The turbine absorbs the energy required to change the direction of the high-speed gases. A reaction turbine changes the speed and pressure of the gases. As the gases pass between the turbine blades, the cross sectional area of the passage decreases and causes an increase in the gas velocity. This increase in velocity is accompanied by a decrease in pressure according to Bernoulli’s law. In this case the turbine absorbs the energy required to change the velocity of the gases.
Since the nozzle vanes and turbine blades in gas-turbine engines are subjected to extremely high temperatures, it is essential that they be constructed of high-temperature alloys and that some type of special cooling be provided. It must be remembered that the efficiency of an engine becomes greater as the temperature of the gases at the burner outlet becomes greater. The development of high-temperature alloys has made it possible to increase the operating temperature of gas-turbine engines, thus increasing the power available from the engines. A further development is the application of coatings to the vanes and blades to withstand heat and prevent high-temperature corrosion.
N4WS
' .REACTION ,\\\\' EFFECTIVE REACTION
Figure X.5

Since the temperature of the burning gases in a gas-turbine decreases substantially as the gases pass thopugh each turbine stag usually necessary to provide special cooling for the first stage only some engines, the second-stage nozzle vanes and turbine blades are air-cooled.
Turbine blades are made in shrouded and unshrouded configure'‘
Exercise 12. Look at figures X.5 and X.6 and answer the folio' questions.
1. What is the difference between changing inlet and disc* velocity magnitudes in impulse and reactive turbines?
2. How do interblade passes areas on working wheels ch impulse and reactive turbine?
3. How does the gas velocity change while flowing convergent and divergent passes?
4. In what turbine does higher torque occur under all other conditions?
Exercise 13. The following questions on the text have been jum* Arrange them correctly and answer them.
For example: the, function, What, is, the, of turbine?
What is the function of the turbine?
1) shaft, to, what, the, purpose, is, of, horsepower, the, ener converting?
2) much, required, for, is, compressor, the, energy, how?
3) turbines, what, there, of, types, are?
4) essentially, does, pressure, the, speed, types, in, and, w* turbine, remain, the, gasses, same, of?
5) change, what, a, does, turbine, reaction?
6) essential, constructed, of, temperature, be, why, it, alloys, va that, nozzle, blades, turbine, high, is, and?
7) it, usually, to, special, why, is, cooling, necessary, provide?
Exercise 14. How many compound nouns can you make using word “turbine”?
e.e. turbine eases, impulse turbine....
Exercise 15. Find synonyms in text 2 to the following words:
ride, approximately, require, amalgamation, named, use, demonstrate, stay, mainly, stream, region, diminish, escort, design,' recollect, covering
Exercise 16. Give terms to the following definitions.
1. The device converting kinetic energy into useful rotational energy:
2. The device for compressing air :
3. The device for increasing the velocity of gases:
4. Several rings having a common centre:
5. Vanes which cannot move:
6. Vanes having a cavity within them:
Exercise 17. Translate into Ukrainian:
kinetic energy, shaft horsepower, turbine nozzle diaphragm, fluctuating stream, reaction-impulse turbine, fir-tree attachment, turbine rotor assembly, hollow vanes, stationary vanes.
Exercise 18. Translate into English:
сопловий апарат, корисна енергія, кінетична енергія, робоче колесо турбіни, концентричні кільця, реактивна турбіна, активна турбіна, пульсуючий потік, кріплення “ялинка”, стаціонарні лопатки, порожнисті лопатки, корисна робота на валі турбіни.
Exercise 19. Say whether the statements are right or wrong and correct the wrong ones.
1. The function of the turbine is to extract kinetic energy from the gases leaving the compressor section.
2. Approximately 75% of the energy available from the burning fuel is required for the compresses-.
3. The speed and pressure of the gases in a reaction turbine remain essentially the same.
4. The increase in velocity is accompanied by an mere! pressure according to Bernoulli’s law.
5. The nozzle vanes and turbine blades in gas-turbine я should be constructed of high-temperature alloys.
Exercise 20. Look at figure x.7
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Figure X.7
Make a list of the terms and translate them. Look up the vocabi at die end of the unit.
Grammar back up. Working with figures
1. We say 10 thousand (NOT*10 thousands).
We say 10 thousand students (NOT* 10 thousand of...)
But we say thousands of students, hundreds of hours, etc.
2. For figures over 100, British English (B.E.) uses “and” betw the hundreds and die tens. E.g.: 345-three hundred and forty-fi American English (AE.) three hundred forty-five. 1.000-a thousand one thousand.
We use “and” when there are no hundreds: 1.070 cne/в thousand seventy, but we do not use “and” before a number of hundreds: 1.634

thousand six hundred and forty three (NOT*one thousand and six hundred...)
3. If we use a decimal we say point. Each figure is said separately 0.5
0.48
2.75
UK/USA (zero) point five (zero) point four eight two point seven five UK (nought) point five (nought) point four eight two point seven five
4. Fractions are expressed using ordinal numbers:
1/3 - a third, 1/4 - a quarter, 1/2 - a half, 2/3 - two thirds, 3/4 - three
quarters.
5. Note these mathematical toms:
15x25=375
fifteen multiplied by twenty five
equals
fifteen times twenty five
makes
is

SHAPE  \\* MERGEFORMAT[image: image16] 

40+8=4 40/8='5
equals
makes
is
6. Many figures are pronounced individually:
Boeing 757
seven five seven
Flight BA 818
eight one eight
Y our reference number is 631
six three one
My room number is 523
five two three
My telephone number is 4849242 four eight four nine two four two
7. To indicate changes in figures prepositions - from, to. and by are
used.
The pressure ratio has risen by 50% from 10:1 to 15:1.
8. When speaking about money we say the currency unit after the
figure:

F65 sixty five francs
C $ 200 two hundred Canadian dollars.
Exercise 21. Choose the correct way of pronouncing die num these sentences.

a)  .
’ one point five’
b)  .
’ one comma five’
2. Have you seen the film ’2001 - a space Odyssey’ ?
a)  .
’ twenty oh one’
b)  .
’ two thousand and one’
3. Give me a ring. My number is Oxford 932811
a)  .
’ nine-three two eight double one’
b) . ’ ninety-three, twenty-eight, eleven’
4. The reception area in the new building will be 10m x 15m.
a) . ’ ten metres times fifteen’
b) . ’ ten metres by fifteen’
5. Fritz Gross joined the company in 1947.
a) . ’ nineteen hundred mid forty-seven’
b) . ’ nineteen forty-seven
6. In seme countries higher earners pay out 2/3 of their salaries in tax.
a) . ’ two-thirds”
b) . ” two-threes’
7. Our tax year ends on March 31.
a) . March the thirty-fust
b) . March thirty-first
8. Nicaragua’s GNP is approximately $ 2.000 000 000.
a) . ’ two billion dollars’
b) . ’ two billions dollars
9. The optimum operating temperature for this equipment is - 8°C.
a)  .
’ below eight degrees Centigrade’
b)  .
’ minus eight degrees Centigrade’
10. The world cup final ended in a O-O-draw.
a)  ,
’nil-nil’
b)  .
’ zero - zero’

1. The flight BA 325 has been delayed till 2.30 p.m.
2. I stay at the Kyiv hotel in room 732.
3. Could you ask him to call me? My telephone number is 5287632.
4. About 1/3 of foreign investments in the USA is in manufacturing.
5. The international Monetary Fund (IMF) was created with a fund of $8.8 billion.
6. The starting price of the package is Hr 1.4 million.
Exercise 23. Match the terms in A with their equivalents in B.
шайба
заклепка
кошруюча шайба шайба вала турбіни гайка стяжного болта вал для приводу компресора лабіринте ущільнення гніздо ущільнювача диск І ступені турбіни фіксуючий ІВИНТ балансуючий вантаж стяжний болт дистанційне кільце підшипника установчий стопор гайка фіксації внутрішньої обойми підшипника

Exercise 24. Read and translate text 3.
Text 3. Turbine and Exhaust Section
The turbine section includes the turbine front case, the turbine case, an inner case and seal, four stages of turbine-nozzle vanes, turbine rotors with four stages, and the coaxial drive shafts.
The turbine front case is a comparatively short section attached the rear of the combustion-chamber outer case. It is of decrees' diameter and extends to the first-stage turbine. The first-stage turb’ vanes are mounted in the rear of die turbine front case and immediately the rear of the nozzle vanes is the first-stage turbine. The case constructed of corrosion-and heat-resistant steel.
Attached to the rear flange of the turbine front case is the turb' rear case. This section is also constructed of steel and increases, diameter from front to rear in order to accommodate the second, and fourth turbine vanes. The rear flange of this case is bolted with fourth-stage turbine outer seal ring to the front flange of the exhaust case.
The turbine nozzle vanes are mounted in the inside diameter of turbine front case and turbine rear case. It will be remembered that turbine blade tips form a complete ring or shroud to reduce gas lo- The outer rim of the shroud forms a knife-edge seal which mates with blade shroud seal rings.
The first-stage turbine-nozzle vanes are coated and air-cooled, later models of the JT8D engine, the cooling air is passed inside the i and out through air-exit holes in the airfoil trailing edge on the conca
side.
In later engines, the first-stage turbine is a separate unit bolted to shaft flange. The turbine blades are attached to the turbine disk by з of fir-tree slots in the rim of the disk. They are held in the slots by m of rivets.
The front-compressor-drive turbine rotor includes the compressor-drive turbine shaft, three turbine stages, and the spacers airseals between the disks. Twelve tie-rods secure the disks and to each other and to die rear flange of the rotor shaft.
The turbine disks for the front-compressor drive turbine can assembled in only one position because one of the twelve tie-rod holes each disk is offset. This ensures a proper balance of the complete assembly.
The turbine-exhaust case, constructed of welded steel, is the most rearward section of the basic inner engine. It is bolted to the rear flange of the turbine case and decreases from front to rear in order to increase the velocity of the exhaust gases.
Exercise 25. The following questions on the text have been jumbled. Arrange them correctly and answer them.
1. turbine, units, six, What, does, section, the, include?
2. case, front, to, attached, the turbine, What, is?
3. turbine, first-stage, the, Where, are, mounted, vanes?
4. can, case, What, tell, you, turbine, the, rear, about?
5. in, inside, the, mounted, is, What, of, and, rear, case, diameter, front, turbine, the?
6. air, the, Where, passed, in, cooling, is, later, models, the, of, engine, JT8D?
7. blades, How, turbine, the, are, attached, turbine, the, to,disc?
8. front-compressor, rotor, does, What, drive turbine, include, the?
9. discs, How, front, can, turbine, the, the, for, drive, turbine, be,
assembled?
10. rear, turbine, does, change, exhaust, How, case, the, from, to,
front?
Exercise 26. Choose the correct answer.
1. What does the turbine section include?
a. die outer casing and the inner casing;
b. the turbine nozzle diaphragm and the compressor;
c. the turbine-nozzle diaphragm and the turbine rotor assembly.
2. What is the function of the nozzle daiphragm?
a. to cool mixed gases and direct them into the exhaust case;
b. to accelerate and direct hot gases onto the buckets of the turbine wheel;
c. to expand hot gases and direct them onto the buckets of the turbine wheel.
3. What stresses are turbine discs subjected to?
a. to a fluctuating stream of hot gases;
b. to a fluctuating stream of cold water;

c. to a continuous stream of hot gas-fuel mixture.
4. What types of gas turbines do you know?
a. impulse, reaction and reaction-impulse types; b smgie-or multiple-stage type, c centrifugal and axial-flow type.
Exercise 27. Say whether the statements are right or wrong correct the wrong ones.
1. The function of the combustion chamber is to extract energy from the expanding gases.
2. The expanding gases flow from the combustion chamber into turbine inlet nozzle guide vanes.
3. The purpose of the turbine section is to accelerate and direct gases into the combustion chamber.
4. The second-stage turbine nozzle is mounted between the stage and second-stage turbines.
5. The third-stage turbine nozzle serves the same purpose as
other nozzles.
6. The blades are secured by rivets.
7. Turbine buckets are usually forged from high-quality steel alio?
8. In the case of multiple-stage turbines the wheels may independently of one another.
Exercise 28. Put questions to the underlined words.
1. The hot gas also loses some of its pressure going through turbine.
2. Nearly three fourths of all the energy available from the prc of combustion is necessary to drive the compressor.
3. A turboprop engine combines the advantages of a turbojet with the propulsive efficiency of a propeller.
4. The third-stage turbine nozzle serves the same purpose as other nozzles.
5. The second-stage turbine disc has about 90 blades on the o~ periphery of the disc.
6. The turbine shaft is made of alloy steel.
7. The mixed gases are introduced into the turbine inlet nozzle guide
vanes.
Exercise 29. Complete each sentence with one of die expressions given below.
1. After the combustion chamber the mixed gases are introduced into die... .
2. The function of the gas turbine is to... .
3. The turbine section usually includes... .
4. The purpose of the nozzle diaphragm is to... .
5. The usual turbine rotor assembly is comprised of... .
6 The turbine shaft is usually made of... .
7. Turbines are divided into three types:
8. The second-stage turbine nozzle consists of... .
9. The third-stage turbine nozzle serves... .
(to extract kinetic energy from the expanded gases; to accelerate and direct hot gases onto the buckets of die turbine wheel; turbine inlet nozzle guide vanes; impulse, reaction and reaction-impulse, die same purpose as the other nozzles; alloy steel; die turbine nozzle case, the turbine nozzle inner shroud and inner seal; the turbine nozzle diaphragm, the turbine rotor assembly and the turbine exhaust case; a shaft, a turbine wheel or rotor and a set of stationary vanes).
Exercise 30. Read the text. Finish it with one of die 3 sentences given after it.
At assembly the turbine shaft is splined onto the rear hub of the rear compressor rotor and is secured to the rotor hub by the rear compressor drive turbine shaft coupling. The outer case of the turbine intershaft bearing is located inside the turbine shaft.
1. The rear hub is supported by the turbine rear bearing and die rotor is secured to the front compressor rear hub by the front compressor drive turbine shaft coupling.
The front compressor drive turbine rotor consists of the turbine shaft, the second-stage turbine disc, the turbine disc spacer, die third- stage turbine disc, and the turbine rear hub.

3. The purpose of the intershaft bearing is to support the fn compressor drive shaft which rotates inside the rear compressor turn shaft.
Exercise 31. Fill in the blanks with one of the terms given at the | of die exercise.
1. The turbine front case is a comparatively short section attach
2. Immediately to... is the first-stage turbine.
3. This section... from front to rear in order to accommodate second, third, and fourth turbine vanes.
4. The turbine blade tips form... to reduce gas losses.
5. Segmented multiple turbine vane shroud nuts are riveted to the.i
6. The turbine blades are attached to die turbine disc by means of.
7. hi later engines, the first-stage turbine is... bolted to the flange.
8. The turbine discs for the front compressor drive turbine can assembled in only... .
9. The turbine-exhaust case, constructed of... is the most section of die basic inner engine.
10. The turbine-exhaust case is bolted to the rear flange of turbine case and decreases from... .
(fir-tree slots in the rim of dm disc; one position; from front to i the rear of the combustion chamber outer case; increases in diam forward outer flange; a separate unit; welded steel; a complete ring shroud; rear of the nozzle vanes).
Exercise 32. Translate the text in writing and entitle it
Turbine blades are made in two principal configurations, shro' and unshrouded. The shrouded blade is provided with a shroud section the outer end, so that when die buckets are installed, they form continuous rim or shroud around the outer ends of the blades. With unshrouded blades, it is necessary to provide a closely fitting shroud j to prevent the escape of the hot gases which drive die turbine.

Some consideration has been given to the possibility of using hollow steel or nickel-alloy blades for the turbine wheels, and some experimentation has been accomplished along this line.
Exorcise 33. Describe the design of the turbine section in figure X.8.
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1. Figure X.8
2. Вал ротора HT (низького тиску) - LP rotor shaft
3. Вал ротора ВТ (високого тиску) - HP rotor shaft
4. Внутрішній корпус
- Combustion section
inner casing
5. Сопловий апарат першого - Turbine stage nozzle
ступеня
giude vanes
6. Турбіна (ротора високого тиску) - HP turbine
7. Сопловий апарат другого ступеня - Turbine stage 2 nozzle
giude vanes
8. Турбіна (ротора низького тиску) - LP turbine (with stage 3 з сопловим апаратом з-го ступеня nozzle)
9. Задня опора турбіни
- LP turbine ball bearing

Exercise 34. Translate into English.
1. Призначення турбіни - вилучити кінетичну енерг розігрітих газів та перетворити її на механічну роботу. 2. Се* турбіни включає сопловий апарат, робоче колесо та випус* отвір. 3. Сопловий апарат прискорює та направляє гарячі гази І лопатки колеса турбіни. 4. Вал, колесо турбіни та робочі лот це є три основних елементи робочого колеса турбіни. 5. Дт турбіни зазнають впливу пульсуючого потоку гарячих 6. Сопловий апарат другого ступеня розміщується між робоч колесом першого ступеня та робочим колесом ступеня. 7. Сопловий апарат третього ступеня виконує ті ж функції, що і всі інші соплові апарати 8. Ротор турбіни коь низького тиску складається з вала, диска турбіни другого ступе задньої втулки. 9. Диски турбіни відокремлені один від дру роздільниками. 10. Диски турбіни прикріплені до вала довгимим болтами. 11. Диск другого ступеня турбіни має і лопаток на зовнішньому колі. 12. Турбіна зазнає дуже висо| навантажень.
Exercise 35. Put the verbs into the correct tense. Use Will' and' Present tense1 if you think the person is talking about something ’ might happen. Use 'would' and the past tense if they are talking something which is unlikely or impossible.
Example: I've got his number, so if there are any problems, I will him know. I would phone him if I had his number, I don't know is.
1. If I (have) time I (read) your report aid I'll let you have comments by Tuesday.
2 І фіск) you up at the railway station myself if I (not have) appointments on Monday.
3. If she (be) a little more eaperienced, she (be) good for the job, 1 as it is, I don't think she's the right person.
4. Ifs a pity Mr.Brown is not here. If he (be) here, Гт sure he I able to give you an answer
5. Ive got your number so if John (ring) from London this eve (pass) it on to him.
6. IVe decided not to go to the interview for a job because it (take) ,ne more than an hour to get to the office if it (turn out) that it is located ,n the outskirts of the city.
7. The whole division has been performing badly ever since he was appointed the manager. Things (be) very different if you (be) still in charge.
Exercise 36. Put the verbs into the correct form.
1. Marry got to the airport in time. If she (miss) the plane she (be late) for her interview.
2. It’s good that you reminded me about die meeting. I (forget) if you (not remind) me.
3. Tom (send) you a postcard while he was in London if he (have) your address.
4. If I (have) enough money on me then I (buy) the suit
5. If we (go) to the party last night, I (be) tired now.
6. If we (go) to the party last night, we (see) Jane who has just returned from abroad.
7. They (take) photographs when they went to Chicago if their camera (not brake down).
8. The students of our group (have) better results in die exams in winter if they (not miss) classes.
9. If the weather (be) fine yesterday, my friends (go) fishing and (take) me too.
10. If they (consider) the matter more carefully, the report they made at the conference (be) more interesting.
Exercise 37. Make a list of key words of text 3.
Exercise 38. Read text 4 and put 10 key questions on it. Write a summary of the text
Text 4. Turbine Section
As explained previously, the turbine section of the JT9D engine is comprised of two turbine assemblies. The first is the high-compressor drive turbine and the second is the low-compressor drive turbine. The
high-compressor drive turbine consist of the first two stages of the which are located immediately to the rear of fire combustion secti
The First-stage turbine disc is attached to the second-stage means of a bolted flange. Knife-edge airseals are provided to prev leakage between the turbine blades and vanes. The airseals and operate against shrouds at the outside diameter of the blades inside diameter of the vanes. Abradable shrouds permit rubbing damage to the parts. The second-stage disk is splined to the • compressor drive shaft (hub).
The nozzle vanes and turbine blades are cooled by means which flows through interior passages. The turbine blades are со the vanes are chromalized to reduce gas erosion and high-t corrosion.
The first-stage turbine has 116 blades mounted in fir-tree broached in the rim of fixe disc. The blades are held in place by 29 retaining plates riveted to die disc and to each other by 116 lc pins. The cooling airflow flows into the blades.
In the first-stage turbine, the blades are not shrouded, which: possible to exit the blade-cooling air through holes in the tips blades.
In the second-stage turbine there are 138 blades mounted in slots. The blades are retained by means of flare-type rivets.
The low-pressure-compressor drive turbine, often termed compressor drive turbine, drives the fan and three stages о compressor. This turbine section includes the third, fourth, fifth, and turbine stages.
The low-compressor drive turbine incorporates four disks to the turbine blades are attached in fir-tree slots. The blades are he place by rivets.
Exercise 39. Read the text and entitle it.
The normal function of the exhaust nozzle or cone is to cor velocity and temperature of the exhaust gases. Although a certain of thrust would be produced even if there were no exhaust no? thrust would be comparatively low and the direction of flow would properly controlled. When a convergent nozzle is used, the velocity gases is increased and the flow is directed so the thrust is in line wi engine.
The cross-sectional area of the nozzle outlet is most critical. If the area is too large, the engine will not develop maximum thrust, and if the area is too small, the exhaust temperature will be excessive at full-power conditions and will damage the engine. On some early gas-turbine engines, the exhaust nozzle area was adjusted by means of small fittings. These were installed at the nozzle exit as required to give the correct nozzle area.
If the exhaust gases of a turbojet engine reach supersonic speed, it is necessary to employ a convergent-divergent (C-D) exhaust duct in order to obtain maximum thrust. To ensure that a constant weight or volume of a gas will flow past any given point after sonic velocity is reached, the rear part of a supersonic duct must be enlarged to accommodate the additional weight or volume that will flow at supersonic speeds. The rate of increase in area in a divergent duct is just sufficient to allow for the increase in the rate of change in volume of the gases after they become sonic.
Exhaust nozzles on modem airliners usually include thrust-reversing devices and noise suppressors.
Exercise 40. Translate the text in writing Make a list of new words you will find in the text.
Low-pressure Turbine Section
The low-pressure turbine for the CF6 engine has two different configurations. The CF6-6 model has five stages and the CF6-50 has four stages, hr either case, the low-pressure turbine utilizes a rotor supported between roller bearings mounted in the turbine midframe and the turbine rear frame. A horizontally split low-pressure turbine casing containing stator vanes is bolted to these frames to complete the structural assembly. This provides a rigid, self-contained module which can be precisely and rapidly interchanged on the engine without requiring a subsequent engine test run. The low-pressure turbine shaft engages the long fan drive shaft through a spline drive and is secured by a lock bolt. The forward flange of the turbine midframe is bolted to the aft flange of the compressor rear frame, after installation of the high-pressure turbine, to complete the engine assembly. A cross section of the CF6 low-pressure turbine is shown in Figure X.8
Since the temperature of the exhaust gases is reduced considerably through the high-pressure, turbine, the low-pressure turbine blades do not
require cooling. Compressor-seal leakage air is used to cool the fi low-pressure turbine disks to reduce thermal gradients.
The increased flow and higher wheel speed of the CF6-50 would result in very low stage loadings if a five-stage low-p turbine were used on die engine. According to engineering studi four-stage turbine performs more efficiently.
Exercise 41. Speak on *
1. Turbine types
2. Gas turbine design
3. Turbine rotor assembly
4. Exhaust section design and its function.
Word List:
abradable - 1. зношуваний, схильний до зношування air seal - повітряний ущільнювач
bearing inner-race retaining nut - гайка фіксації внутрішньої обо
підшипника
bearing spacer - дистанційне кільце підшипника coaxial - коаксіальний
compressor drive shaft - вал для приводу компресора concave - ввігнутий concentric rings - концентричні кільця convergent-* diva-gent exhaust duct - надзвукове сопло convergent nozzle - звужуване сопло corrosion-resistant - корозієстійкий counter weight - балансуючий вантаж drive shaft - ведучий вал fir-tree attachment - хвостовик типу “ялинка” forge - кувати
front flange - передній фланець hollow vanes - порожниста лопатка impulse turbine - активна турбіна impulse-reactive turbine - активно-реактивна турбіна key washer - контруюча шайба labyrinth seal - лабіринте ущільнення nickel alloy - нікелевий сплав nozzle vane - соплова лопатка
nuclear power plant - ядерна електростанція off set - зміщений pin-штифт
positioning plug - стяжний болт reactive turbine - реактивна турбіна retaining screw - фіксуючий гвинт rivet - заклепка
rotating drum - обертовий барабан
rotational energy - обертальна енергія
seal - ущільнювач
seal seat - гніздо ущільнювача
shrouded configuration - бандажована конфігурація
spline - нарізувати, робити нарізування, шліцувати
spline drive - шліцований привід
stator vane - лопатка статора
thermal power plant - термальна електростанція
tiebolt - стяжний болт
tie-rod nut - гайка стяжного болта
turbine front case - лобовий (передній) кожух турбіни
turbine nozzle diaphragm - сопловий апарат
turbine rotor assembly - робоче колесо турбіни
turbine shaft spacer - шайба вала турбіни
unshrouded configurtion - небандажована конфігурація
washer - шайба
weld - зварювати

Unit XL TYPES OF AICRAFT ENGINES
Dialogue
T. We’ll consider the types of aircraft engines. I think you know ( source of power in an airplane is the power plant. What does the j plant consist of?
S,
The power plant consists of an engine or engines and diffe systems.
T.
You are right. There are two main types of aviation engines: or reciprocating engine and jet engine.
Piston engine and reciprocating engine have the same me “поршневий двигун”.
The term “internal combustion engine” is the synonym to these w and it is translated as “двигун внутрішнього згорання”.
S.
Are jet engines divided into any groups?
T.
Yes, they are. Jet engines are divided into three main groups: turbines, ram jets and rocket engines.
S.
Are gas turbine engines widely used nowadays?
T.
Yes, they are rather popular.
Gas turbine engines are subdivided into turbojet, turboprop, turbofan bypass and turboshaft engines. The Ukrainian equivalent of “turbop engine” is “турбогвинтовий двигун”
S.
What does “by-pass engine” mean?
T.
“Turbofen engine” is “турбовентиляторний двигун”. “By ] engine” means “двоконтурний двигун”. I am sure you know meaning of the word “shaft”.
S.
Yes, I do. “Shaft” means “вал”.
T.
So “turboshaft engine” is translated as “турбовальний двигун”.
S.
As far as I know turbojet engines operate on the jet thrust.
T.
You are quite right. The turbofen engine has an axial-flow fan.
S.
And Tm sure you know where turboshaft engines are used.
T.
Turboshaft engines are used in helicopters where the turb' connected to a (hive shaft drives, in addition to the compress helicopter rotors.
S.
What types are rocket engines subdivided into?
T.
Rocket engines are subdivided into two basic types: liquid propell and solid propellant rocket engines. “Liquid propellant rocket engine
means “рідкопаливний ракетний двигун” and “solid propellant rocket engine” has die meaning “ракетний двигун на твердому паливі”
Exercise 1. Remember the meaning of the following words.
combustion - горіння, згорання
cylinder - циліндр
differ - відрізнятися
divide - ділити, розподіляти
drive - привод, передача, тяга; приводити в рух
fan - вентилятор
jet - реактивний; струмінь
obtain- отримувати,досягати
piston - поршень
propeller - повітряний гвинт
reliability - надійність, безпека (роботи)
shaft-вал
subdivide - підрозділяти thrust - тяга; створювати тягу weight-вага
advanced technology - сучасна технологія
axial-flow - осьовий, з осьовим потоком
by-pass engine - двоконтурний двигун
exhaust сопе - конус реактивного сопла
internal combustion engine - двигун внутрішнього згорання
liquid propellant rocket engine - рідкопаливний ракетний двигун
ram jet engine - прямоточний повітряно-реактивний двигун
reciprocating engine - поршневий двигун
solid propellant rocket engine - ракетний двигун на твердому паливі
specific fuel consumption - питома витрата палива
turbofan engine - турбовентиляторний двигун
turbojet engine - турбореактивний двигун
turboprop engine - турбогвинтовий двигун
turboshaft engine - турбоваяьний двигун
Exercise 2. Listen to the recording. Repeat in the intervals, and translate text 1.
Text 1. Aircraft Engines
A source of power in an airplane is the power plant. Hie plant consists of an engine or engines and different systems.
There are two main types of aviation engines: piston or combustion engine and jet engine. Jet engines are divided into dint main groups: gas turbines, ram jets and rocket engines (Fig 1).
The first to be considered is a piston or reciprocating engine, piston engines are also called internal combustion engines combustion takes place inside the cylinder. Gas turbine engines widely used nowadays. They are subdivided into turbojet, turbofan or by-pass and turboshaft engines.
Turbojet engines operate on the jet thrust. If e gas turbine has a propeller on the same shaft as the compressor, it is called turboprop.
A turbofan engine differs little from a turboprop. Instead of propeller the turbofan engine has an axial-flow fan. Unlike turboprop engine, the turbofan obtains additional energy front the passing through the exhaust cone. Usually all turbofan engines called by-pass engines.
Turboshaft engines are used in helicopters where the turbi connected to a drive shaft drives, in addition to the compn helicopter rotors. Rocket engines are subdivided into two basic liquid propellant and solid propellant rocket engines.
The last generation of jet engines is advanced techno! engines.
All aviation engines must meet the following requirements: 1 weight, low cost, low specific fuel consumption and reliability.
.'fli
Exercise 3. Look at this picture (Fig.XI.l). Make sure you remember the types of aircraft engines.
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Figure XI.1
Exercise 4. Translate word combinations with the term ‘engine’.
center engine, side engine, middle engine, externa! engine, inboard engine, tail engine, tip engine, underwing engine, flat engine, underslung engine, cowled engine, feathered engine;
two-spool engine, two-shaft engine, water-cooled engine, open- cycle engine, high-pressure engine, high-thrust engine, two-row engine.
Exercise 5. Translate ‘noun+noun’ word-combinations.
piston engine, turbine shaft, rocket engine, engine power, missile engine, helicopter rotor, thrust engine, aircraft weight, engine thrust, aircraft speed, drive shaft, fuel consumption.
Exercise 6. These words are used both as verbs and nouns Translate and remember them.
to use - use, to call - call, to control - control, to drive - drive, to fan - fan, to speed - speed, to cost - cost, to ram - ram, to thrust - thrust, to fuel - fuel, to flow - flow, to power - power, to place - place, to advance - advance, to pass - pass.

Exercise 8. Match synonymous expressions.

Exercise 9. Make up sentences using these verb-combinations.
to take place inside the cylinder, to operate on the jet to obtain additional energy, to pass through the exhaust cone, to dri the helicopter rotor, to meet the following requirements, to consider types of aircraft engines, to subdivide into turbojet, turboprop, turbo and turboshaft engines.

· a gas turbine engine with a propeller on the same shaft
· a source of power in an airplane
· a gas turbine engine with an axial- flow fan
· last generation of jet engines
· an engine operating on the jet thrust
· an engine used in helicopters where the turbine drives the helicopter rotor
Exercise 11. Give definitions to the following terms.
turboprop engine, power plant, turbofan engine, turbojet engine, turboshaft engine, advanced technology engines, by-pass engine, piston engine.
Exercise 12. Answer the questions on text 1.
1. What does the power plant consist of? 2. What requirements must the aircraft engine meet? 3. What main types of aviation engines are there? 4. What groups are jet engines divided into? 5. What engines are widely used nowadays? 6. What engines operate on the jet thrust? 7. What does the turbofan engine have instead of the propeller? 8. What does the turbofan engine obtain from the gases passing through the exhaust cone? 9. What engines are called by-pass engines? 10. What engines are used in helicopters? 11. What basic types are rocket engines subdivided into?
Exercise 13. Put questions to the underlined words.
1. A source of power in an airplane is the power plant.
2. Turbojet engines operate on fire jet thrust.
3. Usually all turbofan engines are called bv-pass engines
4. Rocket engines are subdivided into two basic types.
A turbofan engine differs little from a turboprop.

6. Gas turbine engines are subdivided into turbojet, turbofan or bv-pass and turboshaft engines.
7. Piston engines are also called internal combustion engines. m
8. The power plant consists of an engine or engines and diffe systems.
9. The last generation of jet engines is advanced technolc engines
10. Gas turbine engines are widely used nowadays.
Exercise 14. Translate die words given in brackets and completej
the sentences.
1. The aircraft engine must meet the following requirements: к
weight, low cost, reliability and ... (низька питома виграна! палива).
|
2. Jet engines are divided into three main groups: gas turbines,; rockets and... (прямоточні повітряно-реактивні двигуни).
3. A turbofan engine differs little from ... (турбогвг двигун).
4. Instead of the propeller the turbofan engine has ... (осьовий вентилятор).
5. Gas turbine engines are subdivided into turbojet, turboprop, turbofan or by-pass and.... (турбоваяьний двигун).
6. Turbojet engines operate on... (реактивна тяга).
7. If a gas turbine engine has a propeller on the same shaft as the compressor, it is called... (турбогвинтовий двигун).
8. Unlike the turboprop engine, the turbofan obtains additional energy from the gases passing through ... (конус реактивного^ сопла).
9. Usually all turbofan engines are called ... (двоконтурнії двигуни).
10. Rocket engines are subdivided into two basic types: liquid propellant rocket engines and ... (ракетні двигуни на твердому паливі).

Exercise 15. Play the role of an interpreter.
1.  Газотурбінні двигуни широко
1. Yes, gas turbine engines використовуються в цивільній авіації? are widely used in civil
aviation.
2, На які типи діляться газотурбінні двигуни?
3. А які двигуни використовуються в гелікоптерах?
4. Які основні вимоги до авіаційних двигунів?
реактивні двигуни?
8. Що використовується замість mm- 8. Instead of the propeller the та в турбовентиляторному двигуні? turbofan engine has an
axial-flow fan.
Exercise 16. Leam main PC-90A engine data.
	1. Maximum continuous
power
Thrust
	Максимальна потужність Тяга
	13,500 kg

	2. Take-off power Rotational speed Thrust
Specific fuel consumption
	Зльотна потужність Швидкість обертання Тяга
Питома витрата палива
	11,820 ipm 16,140 kg 0,378 kg

	3. Cruising power Thrust
Specific fuel consumption
	Крейсерська потужність Тяга
Питома витрата палива
	3,500 kg 0,581®


m

	4. Dimensions and Masses Engine length Inlet diameter Engine dry mass (weight) Reverser mass
	Розміри та маси Довжина двигуна Діаметр впускного каналу Маса сухого двигуна Маса реверса
	5,330 mm 1,917 mm 2,800 kg 4,500 kg

	5. Compressor
	Компресор
	Axial, two-

	Type
	Тип
	rotor, with two pressure stages on fan

	Number of stages
	Кількість ступенів
	shaft

	Total compression ratio
	Загальний ступінь
	16

	
	стиснення
	32:1

	6. Turbine
	Турбіна
	

	Type
	Тіш
	Axial, two- shaft

	Number of high-pressure
	Кількість ступенів високого
	

	stages
	тиску
	2

	Number of low-pressure
	Кількість ступенів низького
	

	stages
	тиску
	A

	Nozzle
	Сопло
	

	Engine starting
	Запуск двигуна
	Automatic,
from
pneumatic starter, with air bled from APUorfrom ground air starting unit

	7. Fuel and Oil
	Палива та мастило (олива)
	TC-1, PT,T-2

	Fuel used and its foreign
	Паливо, що використовуєгь-
	GetA-1,

	equivalents
	ся та його еквівалента
	Get-A

	
	Мастило, що
	ИПМ-10

	Oil used and its foreign
	використовується та його
	ВНИИНП-

	equivalents
	еквіваленти
	50-1-4Ф

	8. Time Limits
	Обмеження в часі
	

	Engine assigned service life
	Ресурс двигуна
	20,000 h

	Time between overhauls
	Міжремонтний ресурс
	7500 h


Note: kg - kilogram; rpm - revolutions per minute; h- hour.
Exercise 17.Give Ukrainian equivalents.
maximum continuous power, take off power, rotational speed, specific fuel consumption, cruising power, thrust, engine diameter, engine length, inlet diameter, engine dry mass, compressor type, compressor stages, number of high-pressure stages, number of low- pressure stages, turbine stages, reverser mass, total compression ratio, turbine nozzle, engine starting, fuel used, engine service life, overhaul.
Exercise 18. Translate text 2 in a written form and entitle it.
Text 2
The A-310 CFM-56-5 engines are high bypass ratio turbofan engines with reduced fuel consumption, maintenance cost and noise level. A330s can be powered by engines from all three major manufactures (CF6-80E1 series from General Electric, PW4000 series from Pratt & Whitney, Trent 700 series from Rolls Royce), with high by-pass ratio, low fuel burn, low noise and low emission technology. The thrust of CF6-80 is 70,0001b/72,0001b.
The L-1011-500 TriStar is powered by the Rolls-Royce 3RB211- 524 Bs. It is a three-shaft, high bypass ratio turbofan engine. The advanced technology high bypass ratio turbofan engines offer two outstanding features: economic fuel consumption and the low- noise/low-smoke emission characteristics. The thrust is 50,0001b.
The Domier 328PW119B turboprop engine has two centrifugal impellers driven by independent axial turbines, a reverse flow annular combustor and a two-stage power turbine which provides the drive for the reduction gearbox. Concentric shafts connect the two-stage power turbine to the gearbox and the single stage LP and HP turbines to the impellers without the need for intershaft bearings.
The 737 airplanes are powered by two wing-mounted CFM56-3 high bypass ratio turbofan engine at several thrust ratings. The power plant consists of the inlet cowl, basic engine, thrust reverser and exhaust plug.
The AN-72 is powered by two Д-36 turbofan engines rated at up to 6500kg takeoff thrust

The AN-28 is powered by two AH-20D turboprop engines. They enable the aircraft to operate successfully on short runways under various climates assuring in-flight reliability and safety.
Exercise 19. Read, translate and entitle text 3. Put 5 key questions.
Text3
GE90: The highest thrust engine in the industry, the GE90 powers tiie Boeing 777. The company is currently developing the GE90-115B as the exclusive engine for the longer-range Boeing 777 aircraft scheduled to enter service in 2004.
CF6: CF6 engines lead the industry as the powerplant of choice for wide-body aircraft such as the Airbus Industrie A300, A310, A330, Boeing 747, 767, and MD-11 wide-body aircraft. GEAE recently introduced higher thrust variants of the CF6-80C and CF6-80E engines for the Boeing 767-400ER and the Airbus A330-200/-300, respectively.
CFM56: The CFM56 product line includes six engine models spanning the thrust range from 18,500 to 34,000 pounds thrust and power the single-aisle Airbus Industrie A320 and long-range A-340 aircraft and the Boeing Classic and Next-Generation 737 aircraft. Today, CFM is the world’s leading supplier of commercial transport jet engines with firm orders for nearly 14,000 engines for nearly 300 customers.
CF34: The CF34 has evolved from being a corporate jet engine in the nearly 1980s to helping create the fast-growing regional jet aircraft market today. The newest models, the GF34-8 and CF34-10, are the engines of choice for virtually every regional airliner within their thrust class.
CT7: The CT7 is the most widely used turboprop engine in its class, powering helicopters, regional airliners, and multipurpose aircraft worldwide. The CT7-8 turboshaft engine is scheduled for certification on S-92 helicopter in early 2002.

Exercise 20. Make sure you remember the names of aircraft engines.
PC-90A, CFM56-3, 3RB211-524BS, LTP101, TPE331, WZ65, 158, T64, CT7, WJ5, АИ-20, D-36, PW127, CTP800, PT6A, PW118,’ AE100, BR700, RD-600, WJ6, GE90, CF6, CF34.
Exercise 21. Translate text 4 in writing and entitle it.
Text 4
The growing demand for cheaper, larger, faster and more capable helicopters continues to drive turboshaft development at a rapid pace. Much of the search for cutting-edge turboshaft technology in the USA is conducted by the Defense Department-led Integrated High Performance Turbine Engine Technology programme, which has goals of increasing the kilowatt/weight ratio by 120% relative to the late 1980s production standard. It also aims to cut specific fuel consumption by 40% and production and maintenance costs by 35%.
New technologies, advanced materials and maintenance procedures can enable major improvements in
fleet
maintainability / reliability, plus a major reduction in life cycle costs.
Exercise 22. Write out the new terms referring to the topic “Aircraft Engines”.
Exercise 23. Make up the plan of the topic “Aircraft Engines”.
Exercise 24. Make a report on the topic “Aircraft Engines”.
Exercise 25. Speak on:
1. Types of Aircraft Engines.
2. Main Engine Data.

Exercise 26. Remember the meaning of the following words: advantage - перевага augment- збільшувати availability - наявність booster - нагнітач bum - спалювати, горіти capability - здатність escape - аварійне покидання літака exhaust - випускати; випуск expell - викидати; виштовхувати hit - вдарятися; зіштовхуватися ignition - спалахування ingestion - засмоктування; запалення mixture - суміш; змішування performance - характеристика propulsion - тяга; рух вперед; приведення до руху ram - швидкісний тиск rely - розраховувати; базуватися remainder - залишок
shield - захищати; прикривати; екранувати
shroud - обід; бандаж; скріплювати кінці лопаток ободом
stage - ступінь; ланка; каскад
suck - засмоктувати
exhaust gas - відпрацьований газ
exhaust nozzle - вихлопне сопло
operating ceiling - практична стеля
propulsive force - рухома сила
reverse thrust - реверсивна тяга; зворотна тяга.
Exercise 27. Read and translate text 5.
Text 5. Jet Engines
The most common type of jet engines is the turbojet The turbojet relies entirely upon jet thrust to develop its propulsive force. The turbojet draws air into a compressor, usually consisting of several stages. This compressed air then enters a combustion chamber where fuel is added and the mixture is burned. The hot gas is then expelled, producing thrust.
Turbine blades in jet engines suck air into the engine and compress it prior to ignition, and die escaping gases drive another set of turbine blades to provide the necessary propulsion for the ingestion and compressor blades. When a gas turbine engine has a propeller on the same shaft with a compressor, it becomes a turboprop. A propeller provides most of the propulsive thrust. The turboprop combines features of both piston and turbojet engines. It provides better performance at lower speeds and altitudes than would be possible with a jet engine.
The operating ceilings of turboprop aircraft are somewhat lower than those of pure jets. On the other hand, the propeller can produce great amounts of thrust instantly at low altitudes resulting in shorter take-off and landing capabilities, the latter because of the availability of reverse thrust which also permits turboprop aircraft to taxi backwards.
The turbofan engine operates on the same principle as the turboprop engine. In turbofan engines, the propeller is a shrouded fan which directs part of the air around the outside of the turbines and combustion chambers to produce “cold” thrust. The remainder of the air gpes through the engine and is expelled in normal fashion.
Advantages of the turbofan include good performance at low altitudes and the shielding of the exhaust gases from the engine inside a circle of cooler air, thus reducing the noise which is created by hot exhaust gases hitting a cold atmosphere abruptly.
A ramjet differs from a turbojet or turbofan in having no moving parts. A ramjet cannot operate from rest, but it is suitable for augmenting thrust on a turbojet engine, or as the main power source when rocket boosters can be provided for take-off.
In a turboshaft engine the turbine has another drive shaft, usually a rotor drive shaft of a helicopter. So turboshaft engines are widely used in helicopters.
Exercise 28. Translate the verbs and their derivatives.
a) to ignite - ignition
to move - movement
to ingest - ingestion
to accomplish - accomplishment
to direct - direction
to require - requirement
to retract - retraction
to attach - attachment
b) to ignite - igniter
to direct - director
to cool - cooler
to create - creator
to reduce - reducer
to augment - augmentor
to produce - producer
to separate - separator
Exercise 29. Determine parts of speech and translate.
a) augment, augmentation, augmentor; avail, availability, available; capable, capably, capability;
effect, efficient, inefficient, efficiency; ignite, ignition, igniter, ignited; exhaust, exhausting, exhaustion;
b) shroud, shrouded, shrouding, unshrouded, familiar, unfamiliar, familiarize;
control, controler, controllability, controlled;
guide, guided, unguided, guidance;
change, changeable, changeability, changeless, changeful.
Exercise 30. Translate the adjective-adverbs pairs.
easy - easily, separate - separately, abrupt - abruptly, great - greatly, short - shortly, instant - instantly, direct - directly, complete - completely, clear - clearly.
Exercise 31. These words are used both as verbs and nouns. Translate and remember them.
to escape - escape, to exhaust - exhaust, to shield - shield, to shroud - shroud, to land - land, to result - result, to drive - drive, to fan -fan.

consisting, compressed, blades, gases, combines, features, provides, shorter, resulting, permits, lower, added, speeds, burned, amounts, abruptly, enters, jets, operating, shrouded.
Exercise 33. Translate ‘noun + noun’ word-combination.
turbine blade, piston engine, air intake, compressor blade, engine advantage, power source, rocket booster, compressor stage, propeller thrust.
	Exercise 34. Match the equivalents.
прискорювач
	exhaust nozzle

	реверсивна тяга
	ignition

	відпрацьований газ
	advantage

	швидкісний тиск
	ram

	практична стеля
	remainder of air

	рухома сила
	shrouded fan

	вихлопне сопло
	exhaust gas

	стиснене повітря
	operating ceiling

	бандажований вентилятор
	compressed air

	залишок повітря
	reverse thrust

	перевага
	booster

	спалахування
	propulsive force


Exercise 35. Match the words having close meanings.
	thrust
	characteristics

	capability
	protection

	remainder
	exhaust

	ingestion
	forward motion

	propulsion
	suction

	escape
	residue

	shield
	capacity

	stage
	power

	performance
	phase


compressible - incompressible regular - irregular reversable - irreversable advantage - disadvantage input - output
Exercise 37. Make up sentences with each of the following verb- combinations.
to draw air, to enter a combustion chamber, to produce thrust, to suck air into the engine, to provide the necessary propulsion for the ingestion, to combine features of piston and turbojet engines, to provide better performance at lower speeds, to taxi backwards, to direct a part of air, to rely upon jet thrust, to develop propulsive force, to reduce noise, to operate on the same principle.
Exercise 38. Match the definitions in the left column and the
terms in the right column.
· an engine having no moving parts
a jet
-an engine operating on the jet thrust
a turbofan
· an engine having a propeller on the
a turboshaft
same shaft with a compressor
a ramjet
·  an engine combining features of both a
a turboprop piston and turbojet engine
· an engine having a fan instead of the propeller
· an engine used mostly in helicopters
Exercise 39. Fill in this table using the words below.

1. The turbojet draws air into a compressor, usually consisting of several...
2. This compressed air then enters a combustion chamber where fuel is added and the mixture...
3. The hot gas is then expelled, producing...
4. The propeller can produce great amounts of thrust instantly at low altitudes resulting in...
5. A ramjet differs from a turbojet or turbofan in having no ...
6. The turboprop engine operates on die same principle as ...
7. The turboprop engine provides better performance at lower speeds and altitudes than would be possible with ...
8. In turbofan engines, the propeller is ...
9. Advantages of the turbofan include ...
10. The shielding of the exhaust gases from the engine inside a circle of cooler air reduces...
11. A ramjet cannot operate from ..., but it is suitable for augmenting .... or as the main power source when...
Exercise 41. Answer the questions on text 5.
1. Does the turboprop provide better performance at lower speeds and altitudes than would be possible with a jet engine?
2. What are die operating ceilings of turboprop aircraft?
3. What features does the turboprop engine combine?
4. What engine operates on the same principle as die turboprop engine?
5. What is the difference between a ramjet and a turbojet or turbofan?
6. In what engines is the propeller a shrouded fan which directs a part of the air around the outside of the turbine and combustion chambers to produce ‘cold’ thrust?
7. Can a ramjet operate from rest?
8. What are the advantages of a turboprop?

Exercise 42. Complete the questions to the subject
1.. .. engine combines features of both piston and turbojet engines?
2. ... engine provides better performance at lower speeds and altitudes than would be possible with a jet engine?
3. ... engine operates on the same principle as the turboprop engine?
4. ... engine differs from a turbojet or turbofan in having no moving parts?
5.. .. engine cannot operate from rest?
Exercise 43. Put questions to the underlined words.
1. The burnt gases are expelled through the exhaust valve.
2. The compressed air is mixed with fuel and ignited.
3. The power for flight is provided by the power plant.
4. The new era in aviation was opened bv the introduction of jet engines.
5. Both jet engines and piston engines are used in aviation.
6. In turbofan engines the propulsive force is provided by fans.
7. The compressor is driven by a turbine.
8. Turboshaft engines are widely used in helicopters.
Exercise 44. Use the verbs in brackets in the correct tense form.
1. In 1885 the first airplane (to power) by a steam engine.
2. In a short time piston engines (to replace) by jet engines.
3. A new era in aviation (to open) with the introduction of jet engines.
4. The steady progress of aviation (to connect) with the development of aircraft power plants.
5. The compressed air (to mix) with fuel.
6. Jet engines (to use) in civil aviation.
7. The energy of heated gases, in the form of velocity (to take) by a turbine.
8. This energy (to use) for driving the engine shaft.
9. All turbofan engines (to call) by-pass engines.
10. A ram pressure (to create) when the airplane moves through the air at a great speed.
Exercise 45. Change the following sentences into Passive Voice using the model.
Model:
The power plant provides power for flight.
The power for flight is provided by the power plant.
1. In turbofen engines the fen provides the propulsive force.
2. The introduction of jet engines opened the new era in aviation.
3. The electric spark ignites the compressed mixture.
4. The early aircraft used gasoline as fuel.
5. The turbine takes the energy of heated gases, in the form of velocity.
6. Jet engines completely replaced piston engines.
7. The turbofen engine obtains additional energy from the gases passing through the exhaust cone.
8. The engine-mounted hydraulic system of automatic control ensures optimum control of major engine parameters.
9. This shaft (hives a propeller as well as other engine accessories.
10. Helicopters use turboshaft engines.
Exercise 46. Translate into English.
1. Реактивні двигуни широко використовуються в цивільній авіації. 2. Турбореактивний двигун розвиває тягу повністю за рахунок реактивного сопла. 3. Повітряний гвинт знаходиться на одному валу з компресором. 4. У турбогвинтовому двигуні основна частина тяги створюється гвинтами і тільки від 10 до 25 % - реактивним соплом. 5. У турбовентиляторному двигуні замість повітряного гвинта використовують вентилятор, який обертається зі швидкістю турбіни. 6. Турбовентиляторний двигун являє собою варіант турбогвинтового двигуна. 7. Турбовальні двигуни використовуються в гелікоптерах. 8.Турбовальний двигун приводить до руху привідний вал ротора гелікоптера 9. Силова установка рухає літак вперед та забезпечує необхідну піднімальну силу. 10. Поршневі двигуни повністю замінені реактивними.
Exercise 47. Translate and entitle text 6.
Text б
The ПС-90 A is a two-spool, high bypass ratio turbofan engine with flow mixing, fitted with a common exhaust nozzle and thrust reverser. Structurally the engine is made of 11 modules which except for the main one can be replaced. Provision has also been made for replacement of separate parts of the modules and of the parts most likely to get damaged, such as fan blades and compressor pressure stages, flame tubes, combustion chamber jets, thrust reverser cascade , vanes.
I
The engine is equipped with the compressor and turbine radial clearances control system. The engine gas flow duct is fitted with / sound-absorbing components.
Exercise 48. Read and translate text 7 in a written form.
, ,»
Text 7. Turbojets
Gas-turbine engines for aircraft come in many types and sizes, each of which has its advantages and also its limitations. The moat common type is die uncomplicated turbojet. Because they have щ added features such as a fan, propeller, or free turbine, turbojets ащ sometimes referred to as straight jets.
Most turbojets operate best at relatively high altitude, in th$ / 25,000 to 40,000-foot range, although they are able to go very mucjf, higher, if need be. There is no simple explanation for the fact that і turbojets are so well suited to high-altitude operation. The high-altitud«i capability of a turbojet is due to a number of reasons, some of which arq rather complex. For one thing, this capability is designed into an engine at the time the plans are first laid down on a drawing board. Far another, the cold temperature of the air at high altitude gives an engine extra thrust. More importantly, the rarified atmosphere at high altitude reduces airplane drag (which may be thought of as the air resistance of flight). Low drag means that the Mach number selected for cruising can be attained at a low engine thrust setting. This, in turn, results in a

relatively low fuel consumption for the airspeed attained — a feature that makes for economical operation.
But, good as they are at their optimum altitude, high thrust at low airspeed is not a turbo-jet characteristic. To be at their best, turbojets need the ram-air pressure at their inlet which comes only with speed. Therefore, they require very long runways for take-off.
Turbojets are classified according to the kind of compressor they use. For years, they had only centrifugal compressors because this was the type that designers knew best how to build. Centrifugal compressors operate by taking in air near a hub at the centre and rotating it with an impeller.
As the impeller whirls the air at high speed, centrifugal force carries the air to the perimeter of the impeller at a considerable velocity. Here the air is collected in a diffuser to increase the pressure, then led to a manifold which, in turn, feeds it to the engine's burners.
The early centrifugal compressor turbojets were (and still are) both reliable and simple. But the amount of thrust they can produce is relatively low because their compression ratio is not very high. Nevertheless, there are several turbo-prop and turbo-shaft engines now in current production that employ a compressor arrangement using one or more centrifugal-type compressors. The improved design of these engines makes them far superior to the centrifugal-compressor power- plants of several years ago.
The majority of today's turbojets use an axial compressor. Axial compressors are used, especially in the larger engines, because they are capable of producing high compression ratios, sometimes as high as 13 : 1, or more An axial compressor, as the name implies, compresses air as it flows in an axial direction through an engine. A series of rotating blades and stationary vanes work on the air as it passes through a series of stages inside the compressor. Each stage adds to the compression process.
There are two types of axial-compressor engines, those with so- called single compressors and those with dual compressors In dual​compressor engines (sometimes called twin-spool engines), there are two compressors that are mechanically independent of one another, although they are related as to airflow. Each compressor has its own turbine. The turbine for .the forward, or low-pressure compressor, is the

rear turbine. It is connected to the low-pressure compressor by a dri1 shaft that passes through the hollow dnve shaft for the high-presj compressor and turbine unit.
Exercise 49. Make a summary of text 7.
Exercise 50. Write out all the terms referring to the “Turbojets”.
Exercise 51. Make up the plan of the topic “Turbojets ”.
Exercise 52. Translate text 8 in writing
Text 8. Rocket Engines
5'
There are two general types of rockets : the solid-propellant госЫ; and the liquid ся- bipropellant rocket Rocket fuels and oxidizers are called propellants.
Solid-propellant rockets are simplest in arrangement and leaif susceptible to control. Liquid-propellant rockets are somewhat complex than the solid type, but they are susceptible to a much ] range of control during operation. This control is accomplished by varying the rate of flow of the fuel and oxidizer to the combustion chamber.
.
' ГГ?' • ■'''"■і:
The rocket engine consists of a propellant injector, combustirift ■ chamber surrounded by a cooling jacket, and a nozzle to allow the , natural expansion of the combustion gases.
The rocket engines all operate on the same principle whether the^; are solid-fuel or liquid-fuel types.
Exercise 53. Give your opinion on texts 5, 6, 7, 8 using theaM sentences.
і
is devoted to ... текст присвячений...
' ,
deals with ... і
The text is about ... j в тексті йде мова про ...
describes ... в тексті описується ... considers ... в тексті розглядається...

Exercise 54. Speak on:
1. Turbojets.
2. Jet engine operation.
3. Advantages of jet engines.
4. Turbofan engine.
5. Rocket engines.
Supplementary reading
Turboprops
If a gas generator (turbojet) turns an aircraft propeller through a system of gears, it becomes a turboprop. The propeller-drive reduction gearing may be driven by the shaft from the same turbine that rotates the compressor, or the gearing may be driven by a shaft from a so-called free turbine that rotates independently in the exhaust gas stream of the basic gas generator. In either case, the gas generator for a turboprop might be either a single- or dual-compressor type, although, as this is written, there are no dual-axial compressor turboprops in production.
Although a turboprop is more complicated and heavier than a turbo-jet engine of equivalent size and power, it will deliver more thrust up to medium-high subsonic airspeeds. However, the advantage decreases as flight speed increases. In normal cruising-speed ranges, the propulsive efficiency (output divided by input) of a turboprop remains more or less constant, whereas the propulsive efficiency of a turbojet increases rapidly as airspeed increases The spectacular performance of a turboprop during take-off and climb is the result of the ability of the propeller to accelerate a large mass of air while the aircraft is moving at relatively low ground and flight speed.
Turbofans
Farrjets and turbofans are one and the same thing. In principle, the turbofan (or fanjet) is the same as the turboprop except that the ratio of the secondary airflow (i.e., the airflow through the fan or propeller) to the primary airflow through the basic engine is less. Also, in the

turbofan, the gear-driven propeller is replaced by a duct-enclosed, axial- ” flow fan whose rotating blades and stationary vanes are considerably ! larger but otherwise similar to the blades and vanes of an axial compressor.
There are two principal configurations for a turbofan, each off which has several variations, hi one configuration, the fan is placed at the front of the engine where it is an integral part of the compressor. When the engine is a dual-compressor type, it is a part of the forward, low-pressure compressor, hi the other configuration, the fan is mounted at the rear of the engine where it forms the rim, or outer perimeter, of a free turbine that rotates by itself in the exhaust gases discharged from the engine. These two turbo-fan designs are called forward-fen and aft- fan engines, respectively.
In both turbo-fan configurations, Де fen makes a substantial contribution to Де total thrust Over and above Де thrust produced by the basic engine, Де fen accelerates Де air passing through it to generate thrust of its own in Де manner of Де propeller of a turboprop. The fen air is exhausted without passing through the engine; it is not burned wiД fuel or used for internal engine cooling.
Two different duct designs are used wiA forward-fan engines. ЕіДег the air exhausted by Де fen may be ducted overboard directly after it leaves Де fen, or it may be ducted along Де outer case of Де basic engine to mix, or not mix (depending upon Де design), wiA the turbine exhaust gases before Де gases pass through Де jet nozzle.
The fundamental difference between a turbofan and a turboprop is that Де airflow through Де fan is controlled by Де design of the engine in such a manner that the air velocity through Де fen blades is not affected very much by Де speed of Де aircraft (How this is accomplished will be explained later.) This means that Де loss of operational efficiency at high air speeds that limits the airspeed capability of turbo-prop aircraft is eliminated in turbo-fen aircraft Indeed, supersonic aircraft not only can, but are being powered by turbofans.
Turbofans are rapidly becoming Де most widely used of all the types of jet engines, particularly in large multi-engine aircraft. The turbofan is, in effect, a compromise between Ae good operating efficiency and high-thrust capability of a turboprop and Де high-speed,

high-altitude capability of a turbojet. At cruising altitude, Hie engine- propeller combination of a turboprop loses efficiency rapidly at airspeeds above 400 knots. Not only does the turbofan have no such limitation but it is much simpler than a turboprop.
The complexity and weight of the propeller reduction gearing and the intricate propeller-governing feature of a turboprop are completely eliminated in a turbofan. The turbofan is therefore not only lighter than a turboprop but cat never be plagued by any of the malfunctions to which a propeller and its associated systems are susceptible.
The fact that the fan air does not pass through die basic engine enables a turbofan to achieve a relatively low specific fuel consumption. In addition, because it accelerates a large mass of air to relatively low velocity, even at very low aircraft speeds, a turbofan, like a turboprop,
produces much more thrust than a turbojet during take-off and die initial climb.
Another advantage of the turbofan is a lower noise level, which is an important feature at all commercial airports. The lower level of noise occurs because a turbo-fan engine has at least one additional turbine stage to drive the fan. Extraction of more power from the engine exhaust gases as they pass through the additional turbine (or turbines) serves to reduce the velocity of the engine exhaust. Less velocity through the jet nozzle results in less noise.
Ramjets and Pulsejets
The simplest jet engine of all is the ramjet, which has no moving parts. Such an engine is but little more than a pipe equipped with a fuel metering and injection Systran. Because a ramjet must be accelerated by some means other than the engine's own power to a very high speed before it will operate, the engines have limited use. They have principally been employed in guided missiles that must be carried aloft and launched by a conventional aircraft.
A pulsejet is a ramjet with a set of shutters, spring-loaded to remain in the closed position normally, placed across the engine's air inlet. When the engine is launched at a speed sufficient to maintain operation, ram air pressure forces the shutters open. Fuel is injected and burned continuously in the combustion chamber. As soon as the
combustion chamber pressure equals the ram air pressure, the shutters close. The combustion gases are ejected through the jet nozzle at the; rear, generating thrust. When the pressure in the combustion chamber/ drops off, the shutters open again, admitting more air. The cycle repeats itself with great rapidity.
Auxiliary Power Unit (APU)
The APU is located in the aft end of the fuselage, behind the pressure bulkhead and below the horizontal stabilizer The APU generator is mounted on the accessory drive pad and is used to furnish 60 KVA of electrical power on the ground or it can be used as ark alternate power source of 50 KVA in flight. Bleed air from the APU can be used to operate of the two air-conditioning packs or for main engine starting. Using APU bleed air for air-conditioning during takeoff improves takeoff performance. Airplane ground servicing, including/ ldrieling, may be accomplished with the APU operating. Exhaust noise heard by passengers and the ground crew is minimized through two factors;
· Use of an acoustically treated air inlet and exhaust duct.
· Its distance from the cabin and ground service points.
The APU is readily accessible for inspection, maintenance or removal through a large door in the fuselage directly below it. Removal is accomplished by lowering the assembly with a simple hoist and cable system.
Garrett 85-129
The APU is a single shaft gas turbine engine with a two-stage centrifugal compressor, a single combustion chamber and one radial inflow turbine. The accessories group, driven by the gear box, is at the front of the unit.
Garrett 36-280
The APU is a single shaft gas turbine engine with two centrifugal impellers and a single centrifugal turbine with a containment ring The power section drives the load compressor and accessary gearbox. The unit is monitored and controlled tty a Full Authority Digital Electronic Control (FADEC). The FADEC provides both built-in tests (BITE) and historical information.

Two Pratt & Whitney of Canada JT15D engines power the Cessna Citation aircraft. The JT15D is a lightweight, two-spool, medium bypass turbofan that produces between 2,200 and 2,550 lbs of static takeoff thrust.
After air enters the engine inlet, a front fan driven by the low pressure (LP) turbine accelerates air rearward toward the axial and centrifugal compressors and the full-length, annular bypass duct. Approximately 75 % to 66 % of the total air flows around the engine core through the bypass duct.
After air passes through the fan, an axial compressor, driven by the low pressure turbine, accelerates the air before passing it to the centrifugal compressor. The compressor, driven by the high-pressure (LP) turbine, slings air outward to accelerate it to a high-velocity, low- pressure flow. The diffuser converts the high-velocity flow into a low- velocity flow into a low-velocity, high-pressure flow before it reaches the combustion section.
RB.211-22B Engine
The Rolls-Royce RB.211-22B is a three-shaft, high-bypass ratio, turbofan engine. Advantages of this compact design include great structural rigidity, fewer parts, low specific fuel consumption, reduced noise and smoke, and outstanding thrust growth potential.
Two engines are pylon-mounted on the wing; the third is located in the aft fuselage. This arrangement satisfied the design requirements for the optimum airplane balance, low structural weight, ease of access and maintainability, minimum drag.
Engines are interchangeable between wing and tail locations with some minor components changes. On-the-wing maintenance is facilitated by new design internal couplings that allow major assemblies to be separated from each other if replacement is required.
CFM56-3 Engines
The 737 aiiplanes are powered by two wing-mounted, CFM564 3 high bypass-ratio turbofan engines at several thrust ratings, engine is an axial flow turbofan with two spools and variable st vanes. The single-stage fan and three-stage low pressure compressor і driven, via the low-speed (№1) shaft, by a four-stage low pressur e turbine. The nine-stage high pressure compressor is driven, via the high? speed (№2) shaft, by a single stage high pressure turbine. The fan ■ core airflows have separate exhaust nozzles and the fan exhaust syst includes a cascade type thrust reverser. Power for aircraft and engine accessories is provided by the main gearbox side mounted on the fm case. The gearbox is driven by the high-speed (№2) engine rotor.
Engine Buildup
During engine buildup, the following components are installed on! the basic engine: starter, constant speed drive (CSD) generator or optional variable speed constant frequency (VSCF) generator, hydraulic pump, cowling, thrust reverser, thrust reverser extension ring,' fire/overheat detectors, engine instrumentation, pneumatic ducting, potable water pressurization tubing, and electrical harness. Except for the vortex control device on the fan cowl and the thrust reverser, engine buildup is identical for left or right engines.
Engine Installation
The engine nacelle is composed of the nose cowl and fixed and hinged cowl panels to provide smooth airflow over the engines and to protect exterior engine components from damage.
Cowl panels, hinged at the top, may be opened or completely removed to provide ground level access to the engine without using ground stands. Three cone bolts secure the engine to the wing. Two front cone bolts take thrust, vertical, and side loads. The one rear cone bolt takes vertical and side loads.
Special options allow the installation of nearly any of the above engines on the -300, -400. -500 airframes because of a unique thrust- limiting system at the interface.
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Model:





The airplane carries passengers.


The airplane serves for carrying passengers.


The airplane is used to carry passengers.


The function of the airplane istocarrv passengers.





airplane





[fuselage [wings ■tail unit [power plant [landing gear





and verbs.





1L- 86


Length: 59,5 m Wingspan: 48m





No. of engines: 4 Cruising speed: 850-900


Altitude: 10-1 lkm Range: 3,000 - 5,000


No. of seats: 350





Unit II. FUSELAGE Dialogue


T. Now, we shall consider the fuselage construction. Look at the picture (FigJI.l.).


1		к





T. These are longitudinal members. They are stringers. Stringers serve to stiffen the skin. ‘To stiffen’ means ‘надавати жорсткості’.


T. Look at this picture (Fig.n.3).





former


Figure Ц.З	bulkhead





a.





b.





Figure Ш.2


you know what the amount of the sweepback angle depends upon?


amount of the sweepback angle depends upon the type of the lane and its design, doesn’t it?


absolutely. So the sweepback angle is the angle between the wing a perpendicular to the longitudinal axis of the airplane. And what
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затори І (на передній кромці) }ШШЙ лередкрилок ій лередкрилок іній лередкрилок амічна перегородка k)


|ШНІЙ інгерцептор ій закрилок рй інтерцеїтгор ій інгерцептор -інгерцептор


іній закрилок -флетнер


зююк


Ьптор; спойлер





Deflector


Flap


Leading edge flap


Flap tab: vane a) Plain flap


b) Extension double-sloti flap


Extension single-slot)


flap


Extension triple-slot


flap





fence


vortex generators inboard slat slat


outboard slat bboard flap extension single slotted flap extension double- slotted flap outboard flap wing high-lift devic plain flap deflector


wing leading edge extension extension triple- slotted flap aileron
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in the left column withl


спойлер крила багатолонжеронне: крило з механізаціє крило консольного' центроплан бак-кесон передкршюк дволонжеронне крилй крило змінної сїрілоіюдібності поверхня крила стиковка крила (з фюзеляжем)





liar wing


reep delta wing ве) wing


Mnetiy (VG)wing


l, sweepback wing


preep wing


: (angle) at ge


: (angle) at





Лінія чвертей хорд Точка чверті хорди Повздовжня вісь літа


Передня кромка Центроплан Середня частина Від’ємна частина крг Від’ємна частина без його середньої ча Внутрішній двигун Зовнішній двигун





delta wing


variable sweep wing


rectangular wing vertical tail sweep: leading edge (LE) wing center section swept wing; sweepba wing


airplane longitudinal і (center line) horizontal tail sweep i





variable sweep delta1 variable geometry (VC sweepback (angle) at 1| edge


tapered wing





inboard engine





приводити в дію кренитися, робити віраж підніматися, набирати висоту керувати відхилятися)


спускатися, втрачати висоту підвішувати, кріпиш на шарк знижуватися) штовхати


рискати, відхилятися від і аеродинамічна поверхня, допоміжні агрегати орган керування ручка керування руль висоти кіль


повздовжня вісь проводка управління відхилення літака від поперев руль повороту педаль руля повороту стабілізатор





втрачати висоту стабілізатор відхиляти (ся)





кіль


руль висоти руль повороту набирати висоту приводити в дію аеродинамічна поверхня ручка керування





to activate - actuation actuator actuating


actuated (elevators) ■





I





to bend to hinge to trim


trimmer, trim tab balance tab servo tab control wheel control column (stick) crank


primary control surfaces secondary control surfaces Look at this picture.





pitch axis wing flap rudder pedal control wheel





control column (control stick)


controls
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trim tab
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Dialogue 2
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К л'--'





control�
sensor�
�
sensing�
steering�
�
air�
solid�
�
shock�
wheel�
�
antiskid�
switch�
�
normal�
forces�
�
oil�
brake�
�
system�
compon*�
�
antiskid�
parking�
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tricycle�
type�
�
auxiliary�
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N+N + N


liquid-propellant roclret


яка? ^— що?


1 ракета на рідкому паливі Термін: ракета, працююча на рідкому паливі.





N + N + N


aircraft control system





яка? ^ керування





що?


система





чого? * літака


Термін: система керування літака
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, Up/Down Lock Link





, Up/Dcwn Lock Actuator





/♦UpperTorsion Link





"* Lower Torsion Link Shock Strut- '“Jacking Point





Two clamshell doors are mechanically actuated by bellcranks and pushrods. The doors remain open any time the gear is extended.


Integral shimmy damping by transmitting nose gear torsion loads directly into die nose gear hydraulic steering cylinders.


Nose gear steering through the rudder pedals (7 degrees).


Nose gear steering using the steering wheel located on the captain’s side panel (78 degrees).


Nose gear steering control, on the copilot’s side panel, is
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hydraulic


panel


rudder


side


damping


valve
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source


thrust


internal combustion engine


fuel system


fuel jettisoning


friction


ram jet engine


propel


fuel transfer


fire-extinguishing Systran
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Exercise 6. Combine Де following words into sentences. Model: The inlet duct supplies air to Де engine inlet.





compressor combustion chamber turbine section diffuser


nozzle diaphragm exhaust cone afterburner





to compress Де air. to provide Де required pressure ratio, to expand Де air by burning fuel in Де air stream.


to extract power from Де jet stream to drive Де compressor and accessories, to direct air from Де compressor to Де combustion chamber, to increase Ae velocity of Де heated





supply... compress... direct... provide ... serve... change... expand... accelerate ... extract... expel... bum... drive...





The function of turbine section	is to
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function
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turbine wheel combustion chamber nozzle diaphragm turbine bucket nozzle vane





Exercise 15. Match synonymous expressions.





burned gas burner air intake airflow reheat unit blade





лопатка соплового апарата колесо турбіни сопловий аппарат





pressure ratio engine inlet guide vane accessory section exhaust cone





камера згорання лопатка турбіни





S.


T.





This is the impeller. This is the single-sided or the single�entry impeller. "Entry” is “в? So, "the single-entry" or “the single-sided impeller" means "одновхідна” or "одностор крильчатка”.





Figure VHI.2





S.	They are translated as “циліндр” і “нагавциліндр”;


T.	Good. These two half cylinders are bolted through flanges. “FI means “фланець”. What is the Ukrainian for “to bolt through fl


S. “Закріплювати за допомогою фланця”.





energy production gas ejection axial diffusa; fuel consumption heated gases released heat thrust augmentation air passage required conditions





Dialogue 4
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Figure Vin. 7





[ 2 An entrance or orifice for the admission of air into the compressor.�
afterburner, 1�
�
З А duct or tube through which the gases produced in the combustion chamber arc accelerated and discharged.�
ah' intake 1�
�
[ 4. The part of the gas turbine engine where�
exhaust cone 1�
�
combustion of air-fuel mixture takes place. 5.A device for augmenting the thrust of a jet engine by burning additional fuel in the gases from the turbine.�
turbine 1�
�
A rotating member for transmission of power.


A fixed set of blades in front of an engine compressor for directing airflow to the�
combustion 1 chamber I fan I�
�
compressor.


8 The element that provides the major portion of thrust in a turbofan engine.�
thrust 1�
�
9 A part of an engine between the compressor and combustion chamber for reducing the airflow speed and increasing the air pressure.


Exercise 44. Make a brief summary on text 6.


Exercise 45. Check if you remember these terms, to attain - досягати complex: - складний handle - управляти, обслуговувати�
diffuser I�
�






виграти палива згорання палива втрата тиску окисник


розподіл температури вихідний отвір к? згорання


виробляти енергію розширювати повітря зпалювати паливо постачати повітря розпилювати паливо розпалювати паливо отримувати енергію перетворювати енергію запезпечувати перетворе: завершити перетворення виділяти тепло витримувати високу t° охолоджувати гарячі гази?





combustion of fuel expand the air yield a high overall effici damage the rest of


combustion chamber proceed evenly provide maximum conv spray and ignite fuel turbine blades and nozzle withstand high tempera minimum pressure losses deliver the air release of heat provide constant tempe heat engines approximately





індивідуальна КЗ кільцева КЗ трубчато-кільцева КЗ зовнішній кожух внутрішній кожух паливна форсунка паливний патрубок жарова труба отвори і прорізи розпилювати паливо первинне повітря вторинне повітря повітряний компресор





стабілізація полум’я безперервне горіння повне згорання демонтаж двигуна


окружність камери пробивати отвори розпилювати стиснуте повітря під тримувати режим полум’я вирівнювання тиску стабілізувати полум’я лопатка завіхрювача
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Figure X.1





Turbine shaf





1-st stage turbine wheel


spacer ring.


Balance ring.





Lock pin


1st to 2-nd stage turbine spacer





Figure X.4
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TURNING COMPONENT IN FORCE ROTATIONAL PLANE
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Figure X.6





three hundred and seventy five





five from eight eight minus five





8-5=3


equals


makes


is





three





fourty divided by eight





five





1


rates.





The government have announced a





1,5% reduction
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bearing inner-race retaining nut лопатка І ступеня турбіни





seal seat bearing spacer labyrinth seal first-stage turbine disc washer


first-stage turbine blade rivet


counterweight tiebolt keywasher tie-rod nut positioning plug turbine-shaft spacer





compressor-drive shaft retaining screw





to..





solid propellant rocket engine exhaust cone axial-flow fen


liquid propellant rocket engine gas turbine engine turbofan engine


internal combustion engine reciprocating engine


by-pass engine specific fuel consumption ramjet engine





осьовий вентилятор газотурбінний двигун рідкопаливний ракетний двигун двигун внутрішнього згорання конус реактивного сопла двоконтурний турбореактивний двигун


турбовентиляторний двигун прямоточний тавітряно-реактив двигун


ракетний двигун на твердому поршневий двигун питома витрата палива





double-flow piston engine speed


source of power advanced technology engines





last generation of jet engines


power plant


by-pass


reciprocating engine velocity





turboshaft engine


advanced technology engines turbojet engine


turbofan engine power plant turboprop engine





)





Gas turbine engines are subdivided into turbojet, turboprop, turbofan and turboshaft engines.


Turboshaft engines are used in helicopters.


All aviation engines must meet the following requirements: low weight, low cost, low specific fuel consumption and reliability.


All turbofan engines are usually called by-pass


engines.


Yes, a source of power in an aircraft is the power plant.


Turbojet engines operate on the jet thrust.





Які двигуни зазвичай називають двоконтурними турбореактивними двигунами?


Джерело потужності в літаках це силова установка, чи не так?


На якій тязі працюють турбо-





suitable - unsuitable shrouded - unshrouded necessary - unnecessary possible - impossible essential - non-essential





Piston


engine





Gas Turbine Engine





Ramjet





turbojet I turboprop I tuibofan | tuiboshaft





shrouded fan, rotor, buckets, drive shaft, compressor, cylinder, exhaust nozzle, turbine, air inlet, combustion chamber, propeller, helicopter, jet thrust, propulsive, turbine wheel, piston, intake valve, exhaust valve, booster, turbine and compressor blades, guide vanes.











