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CHAPTER 1

The history of aviation development in Ukraine

The history of development and formation of global aviation numbers
a little more than a century. The progress of aircraft construction is getting
even more impressive separating age of primitive aircraft with motorcycle
engines from the era of modern high-speed jets.

The history of world aviation is closely connected with Ukrainian
lands. Several aircraft constructors worked here; they are Alexander
Mozhaysky — the constructor of one of the first aircraft which took off,
Nicholay Kibalchich — the founder of the rocket production theory and
Alexander Zasyadko — the founder of combat missiles. Fearless Ukrainian
falcons Konstantin Artseulov and Vladimir Dybovsky managed to “tame”
the fear of the first aviators before airplanes stalling into a spin. A
courageous and talented pilot Yevgraf Kruten laid the groundwork of the
fighter aviation tactics, which is used as a basis for current techniques of
air combat.

Modern Ukraine as a country has rich history of domestic aircraft
development that took decades to have its aviation heritage since that old
time when people started dreaming about flying.

On December 17, 1903, brothers Orville and Wilbur Wright (Fig. 1.1),
piloted the first engine airplane “Flyer — 1”. The flight lasted 12 seconds
and covered 37 meters. The Wright brothers' plane was officially
recognized as the world's first heavier-than-air aircraft, which performed
motor controlled flight with a human on board. This date is considered to
be the beginning of aviation era. Since that moment it became clear and
evident that the airplanes and not balloons or airships will become the true
conguerors of the air element.

Fig. 1.1. Orville and Wilbur Wrigh

Since the time airplanes appeared they have showed a significant



advantage over the lighter-than-air aircraft. And it is not surprising that the
whole army of innovators around the world were engaged in the
improvement and modernization of the invention that had just recently
appeared. Not all the ideas of the inventors could work, not all their
airplanes and other aircraft could get off the ground, but selfless labour of
these aircraft pioneers subsequently brought the results. As an example
we consider the work of the Kiev aircraft designers that constructed about
40 different aircraft in the first decades of the twentieth century. In this
regard, none of the cities in the Russian Empire could go in comparison
with Kiev. Due to the designed aircraft, the names of Kiev residents I.
Sikorskiy and D. Grigorovich became the world famous not only in their
homeland, but also worldwide. Here in Kiev P. Nesterov (Fig. 1.2),
performed world's first loop using the airplane “Nieuport-4” thus initiating
the aerobatics. The first plane designed in Ukraine (in the Russian Empire
as a whole) took off on May 23 in 1910 in Kiev. It was a biplane designed
by Professor Alexander Kudashev from Kiev Polytechnic Institute (KPI).
Ten days later the aircraft BiS Ne 2 constructed by Igor Sikorsky performed
his first flight.

Fig. 1.2. P. Nesterov

KPl was founded in 1898. At that time the institute had four
departments: mechanical department, chemical department, department
of construction engineering and agricultural department. In 1899 there
were some actions concerning the establishment of the fifth department —
aeronautic department headed by one of the biggest aviation enthusiasts
Professor Nikolai Artemyeyv, a talented pupil of Nikolai Zhukovsky. On his



initiative in 1905-1906 along with mechanical club the university organized
an aeronautical section. The first honorable chairman of the section was
Professor Stepan Timoshenko and its vice-chairman was a student of the
mechanical section Victorin Bobrov. In November 1908 the section was
reorganized in an aeronautic club with the departments of airplanes,
helicopters, ornithopter and engines. The members of the club studied
aviation theoretical basics and techniques, made attempts to build gliders
and airplanes. Among them were the students of KPI, future aviators
Sikorsky, Bylinkin, Karpeka, Adler and the others.

Among the founders of Ukrainian aviation there’re natives of the city
Cherkasy — brothers Eugene, Gregory, Andrew and Ivan Kasyanenko.
After the creation of KPI aeronautic club Eugene Kasyanenko headed the
section “Airplanes” and Andrew Kasyanenko — “Helicopters.” In addition to
scientific and organizational work, they performed fruitful work as
designers. From 1910 to 1921 the brothers created six aircraft. We should
mention “Kasyanenko-4” — a monoplane with a low power motor. Eugene
Kasyanenko promoted particularly the idea of a low-power multipurpose
aircraft. In addition to aircraft construction, brothers Kasyanenko were
developing propellers that during the First World War were series-
produced at KPI aviation workshops. The propellers of brother
Kasyanenko were better than the French ones. They developed greater
traction that could increase the speed of the aircraft. Military department
was ordering them in big quantities for army needs.

But Kiev is not the only city in Ukraine, which was overwhelmed with
the idea of aviation. Odessa became famous because of the pilots
S.Utochkin and M. Yefimov. It was the city where Russian pilot performed
the first official flight in the Russian Empire. One of the first Russian
aircraft factories was built in Odessa. Soon it became the largest factory in
the south of the Empire.

Kharkiv was different because the activities of the creative
community here were mainly aimed to establish aviation scientific basis
without which further successful development of the aircraft manufacture
would be impossible. However, it did not mean that there were no aviation
industry practitioners in Kharkov. The work of certain enthusiasts (those
are essentially all Ukrainian aircraft designers of that period) is of more
interest in terms of some trends in aircraft design. After some attempts
and misfortunes, from a variety of bad options the inventors gained the
aircraft, which, in the end, showed excellent performance quality.

Only when series-produced aircraft replaced experimental aircraft
designed in one item it became possible to talk about real aviation in the
full sense of this word. This was the beginning of aviation, as an organized
force (power).

Before the First World War the territory of Ukraine hosted the only



aircraft factory, which had the full right to be called like that. It was the
Anatra factory in Odessa. The second largest Ukrainian aviation enterprise
belonged to a millionaire F. Tereschenko from Kiev and till 1914 it
resembled a workshop. There were also several semi-handicraft
workshops; sometimes they belonged to larger non-aviation enterprises.

The 1l World War was a trigger for the aviation further development.
Big aircraft losses, their rapid aging, both physical and moral, required
from aircraft manufacturers constant (and increasing every year) flow of
combat vehicles in front-line units. The necessity to improve the combat
and flying qualities of manufactured airplanes forced their creators to use
new steel, aluminum alloys and light wood; to install more sophisticated
weapons and equipment, more reliable and powerful engines; to improve
the quality of aviation fuel and lubricants. In order to do that it constructors
had to modernize the whole industry. Planes became a very expensive
type of armament.

Russian Army satisfied their needs of new aircraft with imported
ones mainly from France. The domestic aircraft were also used, but
France at that time was considered the most developed country in the
aviation respect. During the war the manufacture at the Odessa plant
“Anatra” increased significantly. Thus a branch of the enterprise appeared
in the Crimea, and it was essentially a separate plant. Other aircraft
factories appeared in Ukraine: Adamenko plant in Karasubazar, “Mathias”
plant in Berdyansk, an aircraft engine plant in Zaporozhye society (branch
“‘Deca”). It was planned to establish an enterprise of seaplane assembly in
Yevpatoria. Three-quarters of all front-line aircraft of the Russian army
were of domestic production; in the marine and bomber aircraft Russian
designs were dominating. Russia was the only country that entered the
war with heavy multiengine aircraft, armed with the airplanes “llya
Muromets”. However, Russian production and technical base turned out to
be not sufficient to meet the needs of the fast developing aviation. There
was a lack of aircraft engines, which production was insufficient in the
Russian empire.

To maintain a quantity of planes in flying stock it was necessary to
repair airplanes, especially when there were no spare parts or they were
not in a big number. Some machines were repaired several times. As a
result, aircraft of the Russian Army in 1917 had a small amount of combat-
ready aircraft; many of them were old, worn-out and not very serviceable.
February revolution and then October revolution caused a real disorder in
the army worsening already bad aviation state. The civil war that began
afterwards caused a big damage to the economy. The aviation of Red
Army withdrew from the war in a terrible state. Purchasing aircraft from
abroad was the only decision to replace worn-out and outdated machines,
as the domestic industry couldn’t provide the airfreight even with a minimal



amount of modern aircraft. To revive the industry the country needed time.

Besides, the reviving aviation industry needed competent engineers
and designers. In the early 20s of the 20th century Kiev and Kharkov
Polytechnic Institute of Technology started aviation specialization following
several universities in the center of the country, where due to the tireless
work of N. Zhukovsky (Fig. 1.3) and his followers aviation specialists were
getting the proper training. In those years, however, enthusiastic teachers
and students played the leading role in the formation of the aviation
specialties in Ukraine.

Fig. 1.3. N. Zhukovsky

One of such enthusiastic students of KPI from 1926 to 1928 was
Sergei Korolev (Fig. 1.4). He finished university course of instructors of
glider aerobatics and designed a glider KPIR-3. There at the university he
became acquainted with the works of K.Tsiolkovsky, and just there he
cherished the ideas about jet propulsion that he eventually was developing
so successfully.

Fig. 1.4. Sergei Korolev



Among of KPI students’ name was Alexander Mikulin. A plane in
which the legendary pilots Chkalov and Gromov implemented outbound
flight over the North Pole was equipped with engines of Mikulin’s design.
Then Mikulin engines could get the largest aircraft “Maxim Gorky” off the
ground. In the Great Patriotic War his engines were installed on the attack
plane 1l-2 and a bomber Pe-8, and in the peacetime — on the passenger jet
airliner Tu-104. In 1931 another student of KPI — Artem Lulka received a
diploma. He was the one who came up with the idea of a turbo-jet engine
and could take this idea to the practical implementation.

In 1923 in Ukraine as a result of reorganizations and renaming,
companies emerged and got the name of OSOAVIAHIM. Their only aim
was to involve thousands of young people to the primary military on-the-
job training, to choose students for flying schools and colleges, to raise
funds for the construction of airplanes, airports and airlines. Certainly
there was not enough money to carry out major programs. However in
terms of insufficient state funding for aviation and aerospace production,
the developments of OSOAVIAHIM were of great importance.

The development of air service and the beginning of civil aircraft
production occurred in Ukraine with a certain time lag from Western
Europe. In April 1923, in Kharkov (capital of the Ukrainian SSR) a
corporation “Ukrvozduhput” was founded which in order to establish air
transportation purchased a number of aircraft "Comet" from "Dornier"
company in Germany. The workshop, where these aircraft were repaired,
soon became an aircraft enterprise — Sovnarkom (Council of People's
Commissars, SNK) Aircraft Factory of the Ukrainian SSR. This enterprise
became the only one in the USSR, established specifically for the
production of civil aircraft (the others had solely military specialization),
and the only one that was beyond the power of Union bodies being
subjected only to Kharkiv authorities. However the air transportation in
Ukraine became really regular with the appearance of domestic aircraft
series K-4 and K-5, designed by Kharkov aircraft factory. The constructor
of these wonderful machines was an outstanding aircraft designer
K. Kalinin.

Another outstanding Ukrainian designer of pre-war period was
I. Neman (Fig. 1.5), Kalinin’s pupil. The name of I. Neman is primarily
connected with the design of the first Soviet high-speed passenger aircraft
KhAI-1. A single-engine KhAI-1 is the first in Europe and second in the
world (after the American model company “Lockheed”) aircraft with a
retractable landing gear. This machine appeared a few months before
German aircraft of similar design — “Heinkel” He70. This event became an
eloquent proof of the victory over the domestic aircraft that used to stay
behind European aircraft production. Constructors managed to design
only 40 aircraft KhAl-1 before the war began. But such little number was



compensated with thousands of military KhAI-5 (R-10) — light bombers
and reconnaissance aircraft designed on the basis of KhAlI-1.
W N\ T
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Fig. 1.5. I. Neman

It should be noted that for a long time the civil aircraft was dominant
manufacture in Ukraine for several reasons, but in the early 30s the
militarization of the industry began, and at the end of the decade the
airline switched to military production. Prepared for the future war started
achieving real momentum. Throughout the pre-war period the Air Force of
the The Red Workers' and Peasants' Army (RKKA) went under the
modernization several times. In 1933-1934 the fighters I-15 and I-16 were
designed. Soon they became the main combat vehicle of the Red Army.

In late 1937-early 1938 mass repressions took place in the Soviet
Union and almost at the same time many aircraft designers of the country
were arrested. Those were A. Tupolev, K. Kalinin, V. Petlyakov, V.
Myasischev, A. Putilov, R. Bartini, I. Neman, V. Chizhevsky and many
others. However even after that no one stopped improving fighters. Less
experienced designers who changed their teachers and those who
survived in the repressions got involved in the construction of qualitatively
new combat vehicles. Among them were N. Polikarpov, S. llyushin and P.
Sukhoy. However by the beginning of World War Il Air Force did not have
time to rearm. Only in 1943, the aircraft of the Soviet Air Force and its

10



allies quantitatively and qualitatively surpassed air forces of fascist states.
Considerable contribution to the defeat of Nazi occupiers was made by
civil aircraft pilots, including the pilots of Ukrainian Civil Air Fleet (CAF). In
1930 the society of air transportation “Ukrvozduhput” ceased to exist,
having joined the All-Union Association of Civil Aviation, reorganized into a
chief directorate of CAF at SNK USSR in 1932. Apart from Kalinin aircraft
K-4 and K-5, Civil Air Fleet Apart widely used PS-9 aircraft. However, the
growing demands for air transport passes ahead of the new aircraft
deliveries in the flying stock. That’'s why such military planes as P-5, MP-1,
P-6 converted for required purposes were often used for air traffic.

The development of passenger and transport aviation stayed
considerably behind from the civil aviation of capitalist countries. This
situation was a bit when the plants obtained the license from the USA for
production of DC-3 (“Duglas”). In the USSR this aircraft got the name PS-
84 (Li-2) and for a long time it was the main transport and passenger
aircraft of the Soviet aviation.

In the 40s “Duglas” was already considered to be an outdated
aircraft but the airplanes were still exploited on air routes and not only in
the Soviet Union that was exhausted after the war but in the United States
that was prospering at that time. After 1945 the Soviet Union also got a
large quantity of military aircraft that were out of the armament. They were
converted in a certain way and could be used as transport and even
passenger aircraft. Due to this the CAF considerably extended.

As opposite to Ukrainian civil and military aviation, aircraft
construction during several years after the war was going through difficult
times. There were not enough funds to repair and moreover to modernize
the enterprises, so the order they executed was secondary as they didn’t
require so much money.

Kharkiv aviation plant being famous for its passenger aircraft in pre-
war times began prospering due to the decision of the authorities to start
the production of the first domestic jet passenger liners Tu-104 at this
plant. To establish series production the authority gave a big grant and
besides there was a resolution about the development of the civil aircraft
construction. Nowadays it is a high-technology aviation enterprise that
has a great production power and qualified specialists.

Another important event for the further history of Ukrainian aircraft
construction was the foundation of Antonov engineering office in Kiev.
Probably at that time contemporaries didn’t appraise the importance of
that step. “Kukuruznik® An-2 (Fig. 1.6) made his constructor O. Antonov
famous in the whole world but still it couldn’t go in comparison to Tupolev
aircraft and other outstanding constructors.

11
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Fig. 1.6. An-2

But another Antonov aircraft — two-engined military-transport An-8
convincingly proved that the engineering office headed by O.Antonov
could solve the most difficult tasks. An-8 (Fig. 1.7) was different in its high
carrying capacity and takeoff and landing characteristics. Besides the fuel
consumption in turboprop engines that were installed on the airplane
turned out to be less than in the machines with turbojet engines though at
smaller cruising speed.

Fig. 1.7. An-8

In 1957 a new Antonov aircraft An-10 “Ukraine” got off the ground
and at the exposition in Brussels another airliner An-10A designed for 100
passengers got the golden medal. Along with long-haul airliner Antonov
engineering office constructed transport aircraft An-12 due to which the
group of constructors got Lenin award. Since the early 60s during many
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years An-12 was the main aircraft of the USSR airborne troops, and
nowadays it is still in the armies of the CIS countries and the countries of
the former Warsaw Pact.

We could continue enumerating all the machines designed by
Antonov engineering office as well as their advantages: AN-22 “Antei”, AN-
24, AN-72, AN-124 “Ruslan”, AN-225 “Mriya” (Fig. 1.8) — each of these
aircraft is unique, and this list is far from complete.

Fig. 1.8. AN-225 “Mriya” and "Buran”

The activity of Antonov Aviation Scientific and Technical Complex
raise our expectations for further Ukrainian aircraft development. To
replace outdated machines new aircraft are designed by Kiev constructors:
AN-38, AN-70, AN-140 and AN-218, created under the direction of chief
designer P. Balabuev.

It's impossible to imagine the future of Ukrainian aviation industry
without aircraft engine production represented at “Motor-Sich” plant,
centered in Kiev and in engineering office “Progress”. Over eighty years of
development from semi-handicraft production to ultramodern enterprise,
motor builders from Zaporozhye designed thousands of aircraft engines
that helped the world-famous pilots to perform numerous historical flights,
to set world records, and to fight in the skies during World War Il. In the
postwar years, the main products of this group were engines for
passenger and cargo aircraft which are exported to more than 40
countries.

The aviation industry in any country, as we know, belongs to
strategically important sectors of the economy. After the disintegration of
the Soviet Union Ukraine managed to keep almost all the major aircraft
manufacturing links. Therefore modern Ukraine is one of the nine
countries that has its own full cycle aircraft production.

13



Vocabulary notes

Ne | English Ukrainian Russian
1 | aerobatics BULLIMN NiNOTax BbICLLWIM NMUMOTaX
_ _ TpaHCNopTHe TpaHCnopTHoEe
2 | air traffic _
NOBIAOMIEHHSA coolLleHne
3 | aircraft construction nitakobyaiBHUUTBO CaMOJSIETOCTPOEHMNE
aBianiHis, aBuanuHus,
o aBiakomMnaHiq, aBMakoMnaHus,
4 | airline L
aBiauinHe aBMaLMoOHHOEe
NianpuemMCTBO npeanpuaTne
5 |airship anpmxabnb anpwmxabnb
6 | aluminum alloys antoMiHieBum crnnas antoMUHUEBLIN CNaB
7 | armament 030pOEHHS BOOpPY>XEHMe
8 | aviation heritage aBialivHa cnagwmHa | aBMaumMoHHOe Hacnegme
9 | balloon NOBITPsIHA KyIs BO3AYLUHbIN LWIap
10 | combat 6in, Gonosun 6on, boesomn
KOHCTPYKTOP, KOHCTPYKTOP,
11 | constructor
NpOoeKTyBasnbHUK NPOEKTUPOBLLK
_ _ BITYN3HAHE oTevyecTBeHHoe
12 | domestic production
BUPOOHMLITBO NpPOU3BOACTBO
13 | flying stock niTakoBUW napk CaMOreTHbIN napk
14 | front-line aircraft dopOHTOBUN NiTaK dopoHTOBOW camoneT
15 | glider nnaHep nnaHep
_ _ KycTapHe KycTapHoe
16 | handicraft industry
BUPOOHNLTBO NPOn3BOACTBO
17 | heavier-than-air NA Bakuunn Big,
. ) J1A Taxkenee Bo3ayxa
aircraft noBITpSA
18 | light bomber nerkum nerkum
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Ne | English Ukrainian Russian
B6ombapayBanbHUK B6ombapanpoBLLNK
_ o J1A nerwwuwu Big,
19 | lighter-than-air aircraft . J1A nerye Bo3ayxa
NoBITPA
20 | loop netnsd netns
21 | manufacture BUPOOHMLITBO NPOM3BOACTBO
o6’egHyBaTucsa (npo cnueaTbcs (0
22 | merge
KOMNaHir) KOMMNaHMWsIX)
23 | missile pakeTta pakeTta
_ MOTOLUKIETHUNI 5
24 | motorcycle engine MOTOLMKITETHLIN MOTOP
MOTOp
_ _ niTak WNpoKoro camorsieTa LWMPOKOro
25 | multi-purpose aircraft
3aCTOCYyBaHHS NpUMeHeHNs
26 | ornithopter OpHiTONTEP OpHUTONTEP
27 | outbound flight Hagdanekun nepenit | ceepxganbHUn nepenet
28 | outdated 3acrtapinum yCTapeBLUNiA
reconnaissance _ _
29 | niTak-po3BigHMK camorseT-pasBeaymk
aircraft
retractable landing Laci, wo
30 ybupatoLieecs waccu
gear NpnbupatoTbes
31 | series (mass) production | cepiiHe BUPOBHULTBO | CEPUNHOE NPOM3BOLCTBO
32 | spin LuTOnop LTonop
NiAHATUCA Y MOBITPSA, NOOHATLCA B BO34YX,
33 | to get off the ground _
3neTiTn B3NeTeTb
34 | to take off 3nitatm B3netaTb
35 | workshop MancTepH4 MacTepckas
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BnpaBu oo tekcty 1
|. BnpaBu Ha nepeBipKy 3HaHb JIEKCUYHOro Martepiany

1) Give the definition to the following words. Use the dictionary to help you:
a) Heavier-than-air aircraft;
b) Glider;
c) Ornithopter;
d) On-the-job training;
e) Series-produced aircratft.

2) Chose the correct word to complete the sentence:

1. How many planes does the Air Force have in its flying stock / park?

2. It's necessary to have extra / spare parts to repair an aircraft.

3. | hope they can get this plane off the land / ground.

4. This airline exploits only domestic / home-made aircratft.

5. Our mission is to collect, preserve and promote the military aviation /
aircraft heritage of our country.

6. Heavier / Larger-than-air aircraft include airplanes, gliders and
helicopters.

7. Acrobatics / Aerobatics is the practice of flying maneuvers involving
aircraft attitudes that are not used in normal flight.

8. In aviation, a groundloop/eyeis a rapid rotation of a fixed-
wing aircraft in the horizontal plane while on the ground.

9. On this day 15 years ago the Eurofighter Typhoon
made / performed its first flight.

10. The AN-32 light military transport multi-purpose / aim aircraft can
be operated in various climate conditions, including hot climate.

Il. BhpaBun Ha nepeBipKy 3HaHb JFIEKCUKWU i PO3YMiHHA BUBYEHOro
maTtepiany

1) Cross out the wrong word. Use dictionary to help you:

1. Airplanes, gliders, helicopters, balloons.
2. Fighter aircraft, attack aircraft, surveillance aircraft, bomber
aircraft.
3. Airliners, reconnaissance aircraft, cargo aircraft, mail aircratft.
. Sikorsky, Mikulin, Karpeka, Adler, Zhukovsky.
Maxim Gorky

4

5. “Antey”, “Ruslan”,
6. Freight aircraft, freighter, airlifter, freight lifter.
7. 1. Sikorsky, A. Tupolev, K. Kalinin, V. Petlyakov.
8

9

1

, "“Mriya”.

. Loop, spin, tank roll, dive.
. “Anatra”, “Mriya”, “Mathias”, “Motor Sich”.
0. An-22, An-38, An-70, An-140.
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2) Put events in their chronological order:

Ne | Events Right chronological
order

1 The aircraft BiS Ne 2 constructed by Igor
Sikorsky performed his first flight.

5 The foundtation of “Antonov” serial
production plant

3 | The foundation of KPI
Kiev and Kharkov Polytechnic Institute of

4 e DT
Technology started aviation specialization
Brothers Orville and Wilbur Wright piloted
the first engine airplane "Flyer -1

6 Outbound flight over the North Pole with
Mikulin’s engines

- The construction of the first Soviet high-
speed passenger aircraft KhAl-1

3 The first plane designed in Ukraine (in the
Russian Empire as a whole) took off

9 The foundation of Adamenko plant in
Karasubazar

10 The foundation of Sovnarkom aviation
plant

lll. BnpaBn Ha nepeBipKy 3HaHb NIEKCUKU i PO3YyMiHHSI BUBYEHOro
MaTtepiany Ha 6ifibLl BUCOKOMY PiBHi

1) Translate from Russian/Ukrainian into English:

1. Tonykom K [JanbHevwemy pasBuUTUIO asuauuM nocnyxuna
mMupoBaa BovHa. / [lowToBXOM [0 MoA4anbLIOro po3BUTKY asiauil
nocnyrysarna CBiTOBa BilHa.

2. Camonetr craHOBWMNCA BecbMa [AOPOrocTOSWMM  BUOOM
BOOpYxeHu4. / Jlitak cTaBaB 4OCUTb AOPOrnMM BUAOM O30POEHHS.

3. Ix uenb — npueriedeHne K HayarbHOMY BOEHHOMY 0ByyeHuto 6e3
OTpbIBa OT MPOU3BOACTBA ThICAY MONoAbIX Noaen. / Ix Meta — 3anyyeHHs
00 MOYaTKOBOrO BICLKOBOrO HaB4YaHHs 6e3 BigpuBy Big BUMPOOHMUTBA
TUCAY Mornoaux noaeun.

4. JTOT caMoneT cTan ocHoBHOW 6oeBorn MalwmHon KpacHon Apmumn.
/ Llen nitTak cTaB 0CHOBHOK 60MOBOIO MaLLMHOW YepBoHOI ApMii.

5. Camonet Bowen B wtonop. / Jlitak yBiLWOB y LWITOMOP.

6. Camoner He cmor otopBaTbCcA OT 3emnu. / Jlitak He 3mir
BigipBaTncsA Big 3emni.
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7. Tpn 4yeTBepTM BCEX (PPOHTOBLIX CaMOSIETOB POCCUWUCKON apMuun
Obinn oTedecTBeHHOro npoudsoactTBa. / Tpu 4uBepTi BCiX (OPOHTOBUX
niTakiB pocCincbKOoT apMil Bynn BiTYN3HAHONO BUPOOHULITBA.

8. Poccusa 6bina eanHCTBEHHOW CTpaHOW, BCTYMMBLUEN B BOWHY C
MHOrOMOTOPHOWN Tskernon asuauunen. / Pocis byna eguHO KpaiHow, WO
BCTyNuna y BiNHY 3 6araToMOTOPHOK BaXKKOIO aBiaui€lo.

9. 3gecb OH BblHaWMBan MOew peakTMBHOMO ABWXEHUS. / TyT BiH
BUHOLLYBaB i1et0 peakTUBHOIO PyXY.

10. ABTOpOM 3TUX 3ameudaTesibHbIX MalunH SABMSNCA BblAatoLWWACS
aBnaLmMoHHbIN KOHCTpYKTOp K.A. KannHuH. / ABTOPOM LIMX YygOBMX MaLLWH
6yB BuaaTHWN aBiauinHM KOHCTPYKTOp K.A. KaniHiH.

2) Read a small abstract from the text about ANTONOV airlines from the
real web page of the company. Fill in the gaps with the words given in the
box:

air fleet | loading airline airports Antei
: delivery : :
sizes . cargoes | transportations | large—size
operations

Antonov Airlines is the ANTONOV company’s subdivision that specializes
in international cargo transportation. It was founded in 1989. Antonov
Airlines became the first(1) _ which performed charter air
transportation of (2) and extra—heavy cargoes on the AN-124
Ruslan heavy transport. Successful operations in this direction formed
absolutely new market segment on airlift of super-heavy cargoes. Since
1989, the airlines increased its (3) from two to five Ruslans. At
present, the airlines’ fleet includes one AN-225 Mriya, seven AN-124-100
Ruslans, one AN-22 (4) , two AN-12s, one AN-26 and one AN-74T.

Every year it carries hundreds of thousands of tons of unique (5)
including those which can not be transported otherwise, to 800 (6)
across the world. Antonov Airlines have performed the most extreme
(7) ____in history, such as the delivery of a 175-ton transformer from Linz,
Austria, to Houston, TX; 186,7-ton generator from Frankfurt, Germany, to
Yerevan, Armenia; and 247 tons of large-size construction equipment
from Prague, Czech Republic, to Tashkent, Uzbekistan.

Often these transportations can require development of special
preparation and (8) _ technologies, which are not necessary for
standard (9) as usual. Sometimes it is necessary to use the very
limits of the aircraft’s structural and performance capabilities. Special
attention is given by the airlines to these operations, including use of
specially developed software packages for modeling loading of the AN-
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225 and the AN-124 aircraft on the basis of 3D models of their cargo
compartment. This provides a high reliability factor while developing
technologies on loading the cargoes of extreme (10)

3) Answer the questions after the text:

1. When was the company’s subdivision founded?

2. What does company’s subdivision specialize in?

3. What do require such international transportations?

4. How many aircraft does airlines’ fleet include now?

5. What do the designers use when modeling loading of the AN-225
and the AN-124 aircraft?

V. lopaTKOBi NUTaHHA (3a 3MiCTOM HaB4YanbHUX BigeodginbmiB)

1. Which aircraft do the young pilots learn to run, using the simulator?
(based on the film “The Antonov design bureau”)

2. Did the Chief designer know Oleg Antonov personally? (based on
the film “The Antonov design bureau”)

3. What were the names of the Wright brothers? (based on the film
“The Wright brothers”)

4. When did they manage to fly for the first time? (based on the film
“The Wright brothers™)

5. Which problem did they face during their experiments? (based on
the film “The Wright brothers”)
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CHAPTER 2

Aircraft classification

The variety of aircraft, particularly planes, which have been recently
exploited by the modern society needs to be classified. There are many
examples when aircraft are widely used in various fields of the national
economy to solve different vitally important tasks for the society. Aircraft
are used for military purposes as well, being in service in many countries.

Modern aircraft are very diverse not only in their outside appearance.
Planes differ from each other in geometric, weight and flight characteristics;
in general/overall arrangement and equipment used in aircraft; in the size
of payload, as well as in the design of individual parts. It is exactly these
factors that determine the necessity to classify aircraft, primarily based on
their purpose.

According to the purpose they carry out all planes are usually
divided into two large groups: civil aircraft and military aircraft.

Civil aircraft

Civil aircraft are designed to carry passengers, various cargo, mail,
and as well as for service in different sectors of national economy. All of
them, in turn, may be also divided into the following main types:

Passenger aircraft. Passenger aircraft are designed to carry
passengers, baggage and mail. Depending on the flying range, number of
passengers carried in a plane, sizes and types of runways, passenger
aircraft are divided into mainline aircraft and commuter aircraft. In turn,
according to the flight range mainline aircraft are divided into:

a) long-haul aircraft with the range of 5000 ... 11,000 km;

b) medium-haul aircraft with the range of 3000 ... 4000 km;

c) short-haul aircraft with the range of 1000 ... 2000 km.

For long distances wide-body jets are used. They are frequently
called twin-aisle aircraft because these planes generally have two
separate aisles running from the front to the back of the passenger cabin.
These aircraft are usually used for long-haul flights between airline hubs
and major cities with many passengers. Aircraft in this category are the
Boeing 747, Boeing 767, Boeing 777, Boeing 787, Airbus A300/A310,
Airbus A330, Airbus A340, Airbus A380 (Fig. 2.1). Lockheed L-1011
TriStar, McDonnell Douglas DC-10, McDonnell Douglas MD-11, llyushin II-
86, and llyushin 11-96.
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Fig. 2.1. Airbus A380

A smaller, more common class of airliners is the narrow-
body or single aisle aircraft. These smaller airliners are generally used for
medium-distance flights with fewer passengers than their wide-body
counterparts.

Fig. 2.2. Tu-154

Examples include the Boeing 717, 737, 757, Tu-214 Tu-154 (Fig. 2.2)
jets also fit into this category.

Commuter aircraft are usually engaged to carry passengers in
regionals. Therefore, this type of aircraft can be included to the class of
regional jets. For these purposes, more fuel-efficient aircraft with even
smaller dimensions or close-range narrow-body airlines are used. In
comparison with medium-range and close-range aircraft, regional airliners
have smaller seating capacity. Passenger cabins of such type of airplanes
can accommodate on the average from 8 to 100 passengers.

The smallest type of commuter passenger aircraft is called local
flying aircraft. This type includes aircraft designed to carry a small number
of passengers at small distances — up to 1000 kilometers.
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Commuter aircraft are divided into:

a) heavy-weight aircraft with the number of passengers 50 ... 55;

b) medium-weight aircraft with the number of passengers 24 ... 30;

c) light-weight aircraft with the number of passengers 8 ... 20.

Cargo aircraft. A cargo aircraft (also known as freight aircraft,
freighter, airlifter, or cargo jet) is a fixed-wing aircraft that is designed or
converted for the carriage of goods, rather than passengers. Such aircraft
usually do not incorporate passenger amenities, and generally feature one
or more large doors for loading cargo.

Mail planes. Amail planeis an aircraft used for carrying mail.
Aircraft that were purely mail planes existed almost exclusively prior
to World War Il. Because early aircraft were too underpowered to carry
cargoes, and too costly to run any "economy class" passenger-carrying
service, the main civilian role for aircraft was to carry letters faster than it
was possible before. In 1934, some mail services in the USA were
operated by the United States Army Air Corps (USAAC), soon ending in
the Air Mail scandal.

Ambulance aircraft. Anair ambulanceis a specially outfitted
aircraft that transports injured or sick people in case of medical
emergency or over distances or terrain impractical for a conventional
ground ambulance. These operations are called aeromedical. In some
circumstances, the same aircraft may be used to search for missing or
wanted people. On board of such aircraft there’s medical staff being ready
to react immediately in any minute.

Agricultural aircraft. Agricultural aircraft are designed for inspection
of agricultural and forest land involving aviation chemical treatment that
kills plant pests. For these purposes mainly light single-engine aircratft,
adapted for takeoffs and landings with limited ground surfaces are used.
They do not require a lot of technical staff and astronomical time to
prepare for takeoff. Depending on the problem to be solved such planes
can be quickly retooled for other kinds of equipment.

Experimental aircraft. Experimental aircraft are used for aircraft
testing, missile testing and testing of other machines in order to carry out
design analysis as well as experimental and research work. Experimental
aircraft are divided into prototype aircraft, modified aircraft, modernized
aircraft, serial aircraft passing the test, flying laboratories, as well as
secondary aircratft.

Water-bombing aircraft. Water-bombing aircraft are designed to
extinguish a fire by water bombing, which is by discharging water on fire
from the aircraft. Such aircraft are mainly used to extinguish a fire covering
large areas of forest and steppe, as well as territories of oil-producing
complexes. For these purposes people use heavy transport aircraft,
having special equipment on board for storing a large amount of fire
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extinguishing liquid, as well as discharging it.

There are several kinds of fire amphibian aircraft, which can land on
appropriate water surface (like a boat) in order to collect water for
equipment operation. For a short time of plane sliding on water special
pumps have time to pump water into fire-fighting equipment, and aircraft
soaring skyward is ready again to extinguish a fire. The main advantages
of these aircraft are the following: very fast arrival to the area to be
extinguished; instant discharge of big amount of water or other
extinguishing substance on the fire area; the ability to extinguish a fire
over rather large areas accessible only from the sky.

Light-sport aircraft. A light-sport aircraft (LSA) is designed for
practicing air sports. They are lightweight, consume little fuel and such
aircraft are easy to maintain. Sport aircraft are maneuverable, and rapidly
gain altitude. For takeoff and landing such aircraft requires very short
runway. LSA piloting, its takeoff and landing performance is not so
different from conventional aircraft control.

Trainers. Atraineris a class of aircraft designed specifically to
facilitate in-flight training of pilots and aircrews.

The use of a dedicated trainer aircraft with additional safety
features — such as tandem flight controls, forgiving flight characteristics
and a simplified cockpit arrangement — allows pilots-in-training to safely
advance their real-time piloting, navigation and/or warfighting skills without
the danger of overextending their abilities alone in a fully featured aircraft.
Trainers also include a specific kind of aircraft that are used to train pilots
to fly the exploited airplanes being in serious production.

Military aircraft

Military aviation is the use of aircraft and other flying machines for
the purposes of conducting or enabling warfare, including national airlift
(cargo) capacity to provide logistical supply to forces stationed in a theater
or along a front. Air power includes the national means of conducting such
warfare including the intersection of transport and war cratft.

Fighters. Afighter aircraft is a military aircraft designed primarily for
air-to-air combat against other aircraft, as opposed to bombers and attack
aircraft, whose main mission is to attack ground targets.

Bombers. A bomber is a military aircraft designed to attack ground
and sea targets, by dropping bombs on them, firing torpedoes at them,
or — in recent years — by launching cruise missiles at them.

a. Strategic bombers. Strategic bombingis done by heavy
bombers primarily  designed for long-range bombing missions
against strategic targets such as supply bases, bridges, factories,
shipyards, and cities themselves, in order to diminish an enemy's ability to
wage war by limiting access to resources through crippling infrastructure
or reducing industrial output.
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Current examples include the strategic nuclear-armed strategic
bombers: B-2 Spirit, Tupolev Tu-95 'Bear', Tupolev Tu-22M 'Backfire’;
historically notable examples are: Gotha G.1V, Avro Lancaster, Heinkel He-
111, Boeing B-17 Flying Fortress, Consolidated B-24 Liberator, Boeing B-
29 Superfortress.

b. Tactical bombers. Tactical bombing, aimed at countering enemy
military activity and in supporting offensive operations, is typically
assigned to smaller aircraft operating at shorter ranges, typically near the
troops on the ground or against enemy shipping.

This role is filled by tactical bomber class, which crosses and blurs
with  various other aircraft categories: light bombers, medium
bombers, dive bombers, interdictors, fighter-bombers, attack aircratft,
multirole combat aircraft, and others. Current examples: F-15E Strike
Eagle, F/A-18 Hornet, Sukhoi Su-27, Xian JH-7, Dassault-Breguet Mirage
2000, and the Panavia Tornado; historical examples: Ilyushin II-2
Shturmovik, Junkers Ju 87 Stuka, Republic P-47 Thunderbolt, Hawker
Typhoon, McDonnell-Douglas F-4 Phantom Il and Mikoyan MiG-27.

Transports. Military transport aircraft or military cargo aircraft are
typically fixed and rotary wing cargo aircraft which are used to deliver
troops, weapons and other military equipment by a variety of methods to
any area of military operations around the surface of the planet, usually
outside of the commercial flight routes in uncontrolled airspace. Originally
derived from bombers, military transport aircraft were used for
delivering airborne  forces during the Second World War and
towing military gliders. Some military transport aircraft are tasked to
performs multi-role duties such as aerial refueling and, tactical, operational
and strategic airlifts onto unprepared runways, or those constructed by
engineers.

Surveillance aircraft. A surveillance aircraftis an aircraft used
for surveillance — collecting information over time. They are operated by
military forces and other government agencies in roles such
as intelligence gathering, airspace surveillance, observation (e.g. artillery
spotting), border patrol and fishery protection. Part of the surveillance
aircraft can be equipped with certain types of weapons to destroy the
detected prime targets.

Training and combat aircraft. Training and combat aircraft are
used for teaching and training flight personnel of military troops. The main
requirement for this type of aircraft is reliability. Typically, these aircraft
have dual controls, notably, all the necessary aircraft flight controls
available for a trainee as well as for a pilot instructor.

Secondary  aircraft. This  category includes  spotting
aircraft/observation place, liaison aircraft, air refuellers, ambulance aircraft
etc. They are not major planes, and serve as the provision of basic air forces.
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Vocabulary notes

Ne | English Ukrainian Russian
_ _ fo3anpaska nanveoM y | Jo3anpaska TOMAMBOM
1 | aerial refueling _ )
NonbOTi B Nonerte
_ _ CiNTbCbKOrOoCrno4apCbkUm | CENbCKOXO3ANCTBEHHbIN
2 | agricultural aircraft _
nitak camoret
_ BaHTaXXHMUM NOBITPSHUA | rPy30BOWN BO3AYLUHbIN
3 | air cargo fleet
oot oot
4 | air refueller niTak-3anpaBHUK camMorseT-3anpaBLUnK
5 |aircrew eKinax nitaka aKunaxk camoriera
5 airliner aBiananHep, aBmananHep,
NacaXXMpCbKNN nitTak NacCaXMpCKNin camoseT
7 | ambulance airplane | caHiTapHui nitTak CaHUTapHbIN camoneT
8 | bomber BUHULLYBaY nctpedbutenns
cargo aircraft (also
9 known as freight TPaHCNOPTHUN TPaHCNOPTHbLIN
aircraft, freighter, (BaHTaXxxHMIN) niTak (rpysoson) camonér
airlifter)
10 | civil aircraft LMBINbHUN NiTAK rpakaaHcKun camonet
_ . . L camMorneT MeCTHbIX
11 | commuter aircraft niTak mMicueBuXx IiHIn 5
NNHUIA
_ _ eKcrnepuMeHTanbHUN aKcrnepuMeHTanbHbIn
12 | experimental aircraft
JIA JIA
13 | fighter 6ombapayBanbHUK 6ombapanpoBLLMK
LUTYPMOBMK, LUTYPMOBMK,
14 | fighter-bomber BUHULLYBaY- nctpebutens-
B6ombapayBanbHUK B6ombapanpoBLLMK
15 | fire-bomber aircraft | noxexHun nitak NoXapHbIA caMmorneT
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Ne | English Ukrainian Russian
_ opraHbl yrnpasneHus
_ opraHu ynpasniHHS
16 | flight controls _ netaTenbHOro
niTaneHoro anaparta
annapata
17 | fuselage doro3ensik doro3ensik
18 | heavy-weight aircraft | Baxxkui nitak TSXKenbIn camoner
19 | hypersonic rinep3ByKOBUIA rMnep3ByKOBOM
20 | liaison aircraft niTak 3B’A3Ky camorneT CBs3un
_ _ o NEerkoMOTOPHbIN
21 | light aircraft NEerkoMoTOPHUI fliTak
camoreTt
_ nerkum nerkum
22 | light bombers
BbombapayBanbHUK bombapanpoBLUNK
_ _ HaZnerkum CnopTMBHUA | CBEPXITENKNA
23 | light-sport aircraft _ 5
nitak CMOPTMBHbIN CamMoreT
24 | light-weight aircraft | nerkum nitak nerkum camorsnet
_ po3noain pacnpegeneHue
25 | loading
HaBaHTaXXeHHS Harpysku
26 | loading cargo BaraxHui nioK BaraXkHbI oK
_ niTak ganekoro camMorneT fanbHero
27 | long-haul aircraft
NPsSIMyBaHHS cnepoBaHus
28 | mail plane MNOLUTOBUW NniTak MNOYTOBbLIN camoneT
o _ _ o MarucTparnbHbIN
29 | mainline aircraft MaricTpasnibHUK nitak
camoreT
_ . niTak i3 cepegHbO caMoJSIeT CO cpeaHen
30 | medium-haul aircraft .
AarnbHICTIO NOMbOTY AanbHOCTbIO NoneTa
medium-weight . .
31 cepenHiv niTak cpenHun camonet

aircraft
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Ne | English Ukrainian Russian
32 | military aircraft BiNCbKOBWUW NiTak BOEHHbIN camorseT
military _ _
_ niTak-po3BigHUK Y camorieT-pasBeyyK B
33 | reconnaissance . _
_ BINCbKOBMX LiinsiX BOEHHbIX Lensix
aircraft
34 multirole combat OaraTouinboBumn MHoroLieneson 6oesown
aircraft BoroBui nitak camoneTt
35 | passenger aircraft NacaXXMpCbKN nitTak NacCaXMpCKNin camorset
36 | seaplane rigponnaH rmaponsnaH
_ . L BCMOMOraTesnbHbIN
37 | secondary aircraft AOMNOMDKHUK niTak
camoreTt
ag short takeoff and niTak yKopoyeHux CaMONET YKOPOYEHHbIX
landing aircraft 3MnbOTY i NocagKu B3M€Ta 1 Nocaaku
_ niTak i3 6nmsbkoto camoreT ¢ 6nmnskon
39 | short-haul aircraft _
AarnbHICTIO NOSMbOTY AanbHOCTbLIO Nonerta
_ _ _ camornert-
40 | spotting aircraft niTak-koperysanbHUK
KOPPEKTUPOBLLMK
41 | surveillance aircraft | niTak-po3BiaHUK camoneT-pasBegunk
42 | trainer HaBYasrbHUW NiTak y4yebHbIN camoneT
o _ LLIMPOKOMHO3ENSKHUMN LLUIMPOKOPHO3ESSKHbIN
43 | twin-aisle aircraft _
nitak camonert
water-bombing o 5
44 | MOXEXHUW niTak no)apHbI camoneT
aircraft
. o LLIMPOKOOHO3ENSKHNI LLIMPOKOPHO3ENSKHBIN
45 | wide-body airliner oL 5
aBiananHep aBuanavHep
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BnpaBu oo tekcty 2
|. BnpaBu Ha nepeBipKy 3HaHb JIEKCUYHOro Matepiany

1) Give the definition to the following words:
a) Cargo aircraft;

b) Mail plane;

c) Ambulance aircraft;

d) Fighter aircratft;

e) Surveillance aircratft.

2) Fill in the gaps with appropriate word (one word can be used several
times):

LSA Air ambulance Wide-body airliners Cargo aircraft

1.  are usually used for long-haul flights between airline hubs
and major cities with many passengers.

2. An ___ is a specially outfitted aircraft that transports injured or sick
people.

3. are frequently called twin-aisle aircratft.

4.  is a small aircraft that is simple to fly.

5. is a fixed-wing aircraft that is designed or converted for the
carriage of ga goods, rather than passengers.

6. Aircraft which is qualified as _ may be operated by holders of
a sport pilot certificate

7. In some circumstances, an __ may be used to search for

missing or wanted people.
8. The largest airliners are

9. is designed without regardless of either passenger or
military requirements.
10. also have less restrictive maintenance requirements and

may be maintained and inspected by traditionally certificated Aircraft
Maintenance Technicians.q

Il. BnpaBu Ha nepeBipKy 3HaHb JFIEKCUKU i PO3YMiHHA BUBYEHOrO
maTtepiany

1) Choose the right statement, put true (T) or false (F):

1. Civilian aircraft are designed to carry passengers, cargo and mail.

2. A smaller, more common class of airliners is a wide-body airliner.

3. Agricultural airplanes can be quickly retooled for other kinds of
equipment.
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4. A bomber is a military aircraft designed to attack ground and sea
targets, by dropping bombs on them.

5. Long-range aircraft can fly the distance of 10000 ... 12,000 km.

6. Experimental aircraft are those that can be used in scientific
research.

7. Agricultural aircraft require a lot of technical staff and astronomical
time to prepare for take-off.

8. Aircraft that were purely mail planes existed almost exclusively
prior to World War II.

9. Strategic bombing is done by heavy bombers primarily designed
for long-range bombing missions.

10. Support aircraft include training and surveillance aircraft.

2) Describe the given picture. What kind of plane can you see? What is
this plane for? Prove your answer. Use words from the box to make your
speech more professional.

Medical :
Impractical
emergency
Aeromedical .
i Air ambulance

operations

Ground Outfit
ambulance
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lll. BnpaBn Ha nepeBipKy 3HaHb JIEKCUKU Ta PO3YyMiHHA BUBYEHOrO
MaTtepiany Ha 6ifibLl BUCOKOMY PiBHi

1) Translate from Russian / Ukrainian into English:

1. Tlaccaxupckun camonetr npegHas3HavyeHHbI On9 MepeBO3Ku
naccaxumpoB u OGaraxa. / [MacaxvpCbknin niTak npu3HayYeHun ans
nepeBe3eHHs nacaxupis i 6araxy.

2. lMoxapHble camoneTbl npefHasHaveHbl ONS TyweHUs MNoXapos
nytem BogHou 6ombGapaoupoBkM, a WMMeHHO cbpoca Boabl ¢ 6HopTa
camosnieta Ha noxap. / ToXexHi NiTKn pu3Ha4veHi Onsa raciHHs noXxex
LUNAXOM BogHOro 6ombapayBaHHs, a came CKMAAHHAM BOAW Ha MOXEXY 3
BopTy niTaka.

3. OCHOBHbIM MPEUMYLLECTBOM 3TUX CaMONETOB SABMSETCH
BO3MOXHOCTb TYLUMTb MOXap Ha TeppuTopusaX, OOCTYMHLIX TOMbKO C
Bo3ayxa. / OCHOBHOK rMepeBaro LUMX JiTakiB € MOXIMUBICTb racutu
NOXEeXY Ha TepUTOPISX, LOCTYNHUX TiNIbKA 3 NOBITPA.

4. Kak npaBuno, Takme caMoneTbl MEeIT 4BOMHOE ynpasrieHune. / Ak
npaBuno, Taki JliTakn MalTb NOABINHE YNpaBIliHHS.

5. K 31oM Kkareropymm OTHOCATCH CaMOSeTbl-KOPPEKTUPOBLLMKMY,
camMoreTbl CBA3W, camMorieTbl-3anpasBLyKy, caHuTapHble n T.0. / o uiel
KaTeropil BiAHOCATLCA JiTaKN-KOPUTryBarnbHUKK, JliTaku 3B'A3KY, JliTaku-
3anpaBHUKKU, CaHITapHi Ta T.n.

6. [laccaxupckme canoHbl Takoro Kkracca CcamMOf€eToB MOryT
BMeLwlaTb B cpeaHeMm oT 8 oo 100 naccaxupoB. / NacaXupcbki canoHu
TaKoro Knacy nitakis MOXyTb BMiwaTtu B cepegHbomy Big 8 go 100
nacaxwmpis.

7. CamoneTbl oOTnuyaltTcA Apyr OT [Apyra reoMeTpuyHecKumu,
BECOBbIMU U NETHLIMU XapakTepucTukamu. / Jlitakm BigpisHAOTbCA OOMH
Bi OAHOro reoMeTPUYHNMN, BaroBUMI i FibOTHUMWN XapaKTEPUCTUKaAMW.

8. [lnga atux uenen ncnonb3yrTcs Bornee 3KOHOMUYHbIE BO3AYLLUHbIE
cyga. / Ons umx uinen BMKOPUCTOBYHKTbCS OiNbll €KOHOMIYHI MOBITPSHI
CygHa.

9. PervoHanbHble camonerTbl NMetoT MEHbLUY0
naccaxuposmectumocTb. / PerioHanbHi  niTakm  MawTb  MEHLY
NacaXMpOMICTKICTb.

10. O10T camonért-amgpubus MOXeT OCyWecTBNATb Mnocagky Ha
BOAHYIO MoBepxHOCTb. / Llen nitak-amdibis Moxe 3aiMCHIOBaATM nocagky
Ha BOAHY NOBEPXHIO.

2) Imagine a real life situation. You're the owner of a new air company that

wants to provide Ukrainian travelers with a new air route Kyiv-Lviv.
Imagine what kind of plane your company might buy for this route.
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Describe the plane and prove your answer.

V. lopaTKOBi NUTaHHA (3a 3MiCTOM HaB4YanbHUX BigeodginbmiB)

1. When was the Civil Aviation Council established? (based on the
film “Soviet Civil Aircraft”)

2. Who made an aircraft for the Moscow-Beijing airflight? (based on
the film “Soviet Civil Aircraft”)

3. What was the airframe of that aircraft like? (based on the film
“Soviet Civil Aircraft”)

4. How many passengers could its cabin hold? (based on the film
“Soviet Civil Aircraft”)

5. How much time did it take to build that aircraft? (based on the film
“Soviet Civil Aircraft”)
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CHAPTER 3
Fundamentals of airplane flight mechanics, aircraft design

Aerodynamic forces. Aforce may be thought of as a push or pull in
a specific direction. A force is a vector quantity so a force has both a
magnitude and a direction. When describing forces, we have to specify
both the magnitude and the direction. The Fig. 3.1 shows the forces that
act on an airplane in flight.

Thrust

Fig. 3.1. Four Forces on an Airplane

Weight. Weight is a force that is always directed toward the center
of the earth. The magnitude of the weight depends on the mass of all the
airplane parts, plus the amount of fuel, plus any payload on board (people,
baggage, freight, etc.). The weight is distributed throughout the airplane.
But we can often think of it as collected and acting through a single point
called the center of gravity. In flight, the airplane rotates about the center
of gravity.

Flying encompasses two major problems: overcoming the weight of
an object by some opposing force, and controlling the object in flight. Both
of these problems are related to the object's weight and the location of the
center of gravity. During a flight, an airplane's weight constantly changes
as the aircraft consumes fuel. The distribution of the weight and the center
of gravity also changes. So the pilot must constantly adjust the controls to
keep the airplane balanced, or trimmed.

Lift. To overcome the weight force, airplanes generate an opposing
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force called lift. Lift is generated by the motion of the airplane through the
air and is an aerodynamic force. "Aero" stands for the air, and "dynamic"
denotes motion. Lift is directed perpendicular to the flight direction. The
magnitude of the lift depends on several factors including the shape, size,
and velocity of the aircraft. As with weight, each part of the aircraft
contributes to the aircraft lift force. Most of the lift is generated by the
wings. Aircraft lift acts through a single point called the center of pressure.
The center of pressure is defined just like the center of gravity, but using
the pressure distribution around the body instead of
the weight distribution.

The distribution of lift around the aircraft is important for solving the
control problem. Aerodynamic surfaces are used to control the aircraft
in roll, pitch, and yaw.

Drag. As the airplane moves through the air, there is another
aerodynamic force present. The air resists the motion of the aircraft and
the resistance force is called drag. Drag is directed along and opposed to
the flight direction. Like lift, there are many factors that affect the
magnitude of the drag force including the shape of the aircraft,
the "stickiness" of the air, and the velocity of the aircraft. Like lift, we
collect all of the individual components' drags and combine them into a
single aircraft drag magnitude. And like lift, drag acts through the aircraft
center of pressure.

Thrust. To overcome drag, airplanes use a propulsion system to
generate a force called thrust. The direction of the thrust force depends on
how the engines are attached to the aircraft. In the figure shown
above, two turbine engines are located under the wings, parallel to the
body, with thrust acting along the body center line. On some aircraft the
thrust direction can be varied to help the airplane take off in a very short
distance. The magnitude of the thrust depends on many factors
associated with the propulsion system including the type of engine, the
number of engines, and the throttle setting.

For jet engines, it is often confusing to remember that aircraft thrust
is a reaction to the hot gas rushing out of the nozzle. The hot gas goes out
the back, but the thrust pushes towards the front. Action <--> reaction is
explained by Newton's Third Law of Motion.

The motion of the airplane through the air depends on the relative
strength and direction of the forces shown above. If the forces
are balanced, the aircraft cruises at constant velocity. If the forces
are unbalanced, the aircraft accelerates in the direction of the largest
force.
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Wing lift. Lift is defined as the component of the total aerodynamic
force perpendicular to the flow direction, and drag is the component
parallel to the flow direction (Fig. 3.2).

Drag

Total aerodynamic force

Flow direction

—

Fig. 3.2. Lift on an airfoil

Airplane wings are shaped to make air move faster over the top of
the wing. When air moves faster, the pressure of the air decreases. So the
pressure on the top of the wing is less than the pressure on the bottom of
the wing. The difference in pressure creates a force on the wing
that lifts the wing up into the air.

An airfoil generates lift by exerting a downward force on the air as it
flows past. According to Newton's third law, the air must exert an equal
and opposite (upward) force on the airfoil, which is the lift. Newton's third
law says that for every action there is an equal and opposite reaction.
When an airfoil deflects air downwards, the air exerts an upward force on
the airfoil (Fig. 3.3).

Airfoil ‘ Foil pushed up.

3 —

Fig. 3.3. Forces on an airfoll

The air flow changes direction as it passes the airfoil following a path
that is curved downward, and the overall result is that a reaction force is
generated opposite to the directional change. In the case of an airplane
wing, the wing exerts a downward force on the air and the air exerts an
upward force on the wing.

\
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Vocabulary notes

Ne | English Ukrainian Russian
1 |aerodynamic |aepoanHamidyHa cuna | aspogmHamMuyeckasi cmna
force
2 | airfoll aepoanHamivyHa aspoanHamMmnyeckas
NoBepXHS; Npodisib NOBEPXHOCTb; NPOduIib Kpbina
Kpvna
3 | airplane nitak camonet
4 | center of LEHTP TAXKIHHSA LEHTP TAXKECTU
gravity
5 | center of LEeHTP NpUKNagaHHa | LEeHTP AaBMEHUS; LEHTP
pressure cunu NPUNOXEHNSA OaBNEHUS
6 |drag aepoanHamivyHmin onip | NoboBoe conpoTUBMEHNE
7 |engine ABUryH apurarternb
8 | flow direction | Hanpsim noToky HanpaBneHne NoToka
9 |force cuna cvna
10 | fuel nanneo TONMMBO
11 |jet engine peakTUBHUN OBUMYH peakTUBHbIN OBUraTesib
12 | lift nignomMHa cuna noabEMHasa cmna
13 | magnitude BENUYNHA, NapaMeTpu | BENNUYKMHA, NapaMeTpbl
14 | nozzle doopCyHKa; conno doopCyHKa; conno
15 | pitch TaHrax TaHrax
16 | roll KpeH KpeH
17 | throttle; throttle | gpocenb; Baxinb Apoccerb; pblyar ynpasneHus
control KepyBaHHSA ABuUryHom | asuratenem (PY[)
18 | thrust Tdra Tdra
19 | to trim GanaHcyBaTu GanaHcupoBaTb
20 | turbine engine | Typ6iHHWIA ABUrYH TYPOUHHbIV ABUraTenb
21 | wing Kpuno KpbINo
22 | wing lift nignomMHa nogbemMHas cuna Kpbina
(niginmaneHa) cnna
Kpvna
23 | yaw pPUCKaHHA pbiCKaHue
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BnpaBu po Ttekcty 3
|. BnpaBu Ha nepeBipKy 3HaHb JIeKCUYHOro MmaTtepiany

1) Give the definition to the following words:

a) Force;

b) Weight;

C) Lif;t

d) Drag;

e) Total aerodynamic force.

2) Fill in the gaps with appropriate word (one word can be used several
times):

Magnitude Faster "Dynamic" Size

Velocity Center Payload Direction

Aero Shape Throughout Distance

Take off Engines Largest Downward

1. The of the weight depends on the mass of all the
airplane parts, plus the amount of fuel, plusany __ on board.

2.  The weight is distributed the airplane.

3. __ stands forthe air,and ____ denotes motion.

4. Inflight, the airplane rotates aboutthe  of gravity.

5 The magnitude of the lift depends on several factors including
the ,  ,and ___ ofthe aircraft.

6. The thrust __ can be varied to help the airplane _ in a
very short

7. If the forces are unbalanced, the aircraft accelerates in the
direction of the __ force.

8. Thewingexertsa ____ force on the air.

9.  Airplane wings are shaped to make air move ____ over the top
of the wing.

10. The direction of the thrust force depends on how the _ are
attached to the aircratft.
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Il. BnpaBu Ha nepeBipKy 3HaHb JIEKCUKU i PO3YMiHHA BMBYEHOrO
maTepiany

1) Choose the right statement, put true (T) or false (F):

1. The two major problems of flying are overcoming the lift of an
object by some opposing force, and controlling the object in flight.

2. According to Newton's third law, for every action there is an equal
and opposite re-action.

3. When air moves slower, the pressure of the air decreases.

4. Aerodynamic surfaces are used to control the aircraft in roll, pitch,
and yaw.

5. An airplane's weight constantly changes during a flight.

2) Indicate the forces in the picture:

lll. BnpaBn Ha nepeBipKy 3HaHb NIEKCUKU i PO3YMiHHS BUBYEHOro
MaTtepiany Ha 6ifibLl BUCOKOMY PiBHi

1) Translate from Russian/Ukrainian into English:

1. Cuna — 91O BekTOpHas BenuuuHa. /| Cuna — ue BEKTOpHa
Benu4ymnHa.

2. Camonért BpawjaeTcs BOKpYr LeHTpa rpasutaumm B nonéte. /
JTliTak 06epTaeTbCA HABKOMO LEHTPY TAXKIHHS B NOSILOTI.

3. [MpeogoneHne cunbl TAKECTU KaKOW-IMBGO MNPOTUBOMNOSIOXKHOM
CUNON — ogHa W3 rmaeBHbIX nNpobnem nétHoro gena. / lNogonaHHA cunu
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TSOKIHHS SIKOKOCb MPOTUMNEXHOKD CUMOK € OAHIE 3 FONoBHUX npobnem
NbOTHOI cnpasMu.

4. JletatenbHbin annapaTt noTpebnser TonnameBo BO BpeMsi NOMETa,
NnosToMy BeC cCaMOf€Ta MOCTOSIHHO MeHsaetca. / JlitanbHun anapart
CNoXmBae nManvMeBo Mig4 4Yac nonboTy, TOMY Bara Jnitaka MoCTINHO
3MIHIOETBCSL.

5. UToObl npeogoneTb Ccuny TSXKECTW, CaMone€Tbl co3gatoT
NPOBUBOMOSIOXHYIO €/ CUNY, KoTopas HasblBaeTcs NOAbEMHOW cumon. /
LLlo6 nogonatu cuny TSXKiHHA, NiTakn CTBOPHOKOTE MPOTUMEXHY 40 HET cuny,
LLIO 3BETLCA MiIAWMOMHOIO CUNOLO.

6. bonblwaa 4yacTb MNOOABLEMHOW CUNbl CO34AETCA KpbinbsMu. /
bBinbwa YyactnHa NianoMHOI CUIN CTBOPHOETLCS KpUiamu.

7. Bosgyx okasblBaeT COMNPOTUBMEHWE [OBWXEHWO camonéta. /
[MoBITPA YMHUTL OMip PyXy niTaka.

8. Utobbl cosgatb TAry, Ha camornéTte WCnonb3yeTcs curoBas
ycTtaHoBka. / o6 cTBOpUTM TAry, Ha niTaky BMKOPUCTOBYETLCA CUIOBa
yCTaHOBKa.

9. Korga Bo3gyx asmxetcs ObICcTpee, ero gasrneHne ymeHboliaetcs. /
Konun noBiTps pyxaeTbcs WBUALLE, NOro TUCK 3MEHLLYETbLCS.

10. Tpetmm 3akoH HbTOHa rnacut: «[Ana Kaxgoro OeucTBus
CYLLECTBYET paBHOe npoTtmBoaencTemey. / TpeTin 3akoH H'loToHa rnacuThb:
«[0na KOXHOT 4iT iCHYe nNpoTnaid, Wo i JOPIBHIOEY.

2) Draw a sketch of an airfoil; indicate the areas of high and low pressure,
as well as the forces on the airfoil.

V. JoaaTKoBi NUTaHHA (3a 3MicTOM HaB4YanbHUX BigeodinbLMiB)

1. How much does the Boeing 737 weigh? (based on the film “The
aerodynamics of flight”)

2. How many pounds of thrust do its engines produce? (based on
the film “The aerodynamics of flight”)

3. How many forces are there on an airplane? What are they?
(based on the film “The aerodynamics of flight”)

4. What is the role of an airfoil in creating lift? (based on the film
“The aerodynamics of flight”)

5. What is the gross weight? How can we calculate it? (based on the
film “The aerodynamics of flight”)
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CHAPTER 4
Aircraft structural members: their purpose and structure

Looking through the section “Aircraft construction”, we should note
that constructively a plane, like any other aircraft, is a complex technical
aggregate, which consists of interconnected components and assemblies
regarding their purpose, location and operation of their parts, components
and assemblies. Moreover, an aircraft consists of numerous simple and
complex systems, subsystems, and structural elements of smaller units
connected together by big amount of cross links.

Aircraft design, in addition, should provide the plane with high
aerodynamic performance; have the required strength, stiffness,
survivability, endurance; be technological in manufacture and maintenance
as well as have minimum weight.

Thus, a plane is an aircraft, heavier than air, with a wing on which
aerodynamic lift force is generated due to thrust given by power plant
during the motion of the plane in the airspace.

The most often aircraft design is a glider, consisting of the fuselage,
a wing and an empennage, equipped with power plant and landing
gear (see Fig. 4.1). Modern airplanes also include avionics and on-board
equipment, and military airplanes have aviation armament.

Fig. 4.1. Aircraft structural members

1-fuselage; 2-wing; 3-empennage; 4-horizontal stabilizer; 5-vertical
stabilizer; 6-right wing panel; 7-left wing panel; 8-aircraft engines; 9-
main landing gear; 10- nose landing gear.
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A simplified block diagram of aircraft construction is presented
below (Fig. 4.2).

Aircraft
airframe }ga;;crlmg T&::ﬁal
[N
wing fuselage Ie.mpennage
load-bearing
elements
/
spars stringers r1bs frames skin

Fig. 4.2. Block Diagram of Aircraft

Aircraft fuselage. Aircraft fuselage is designed to accommodate the
crew, the equipment and the payload. Aircraft fuselage is a body of the
airplane to which load-bearing wing panels, empennage and landing gear
are attached. In some cases, aircraft engines may be attached to the
fuselage as well. The fuselage is a place for a cabin crew and a passenger
cabin, cargo bays, equipment, fuel tanks, landing gear and engines. A
streamlined cigar-shaped form of the fuselage provides the plane with a
minimum airflow drag in flight. That's why the supersonic aircraft fuselage
has strongly pointed nose part.

The fuselage consists of a frame made of load-bearing elements:
spars, stringers, frames and skin. The simplest example of the fuselage
structure is shown in Fig. 4.3, wherein the stringers (2) strengthen the
skin (4) in the longitudinal direction of the fuselage, and the normal frames
(5) strengthen the skin in the transversal direction, providing a
predetermined shape of its contours. Strengthened bulkheads (3) are
mounted in the fuselage at the points where wings, horizontal stabilizer
(tail unit) and vertical stabilizer are attached to aircraft as well as where
the concentrated forces from the landing gear, engines, etc. are applied.
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Strong frames (1) are also designed to compensate for concentrated loads
applied to the fuselage.

Fig. 4.3. Simplest fuselage construction

Airframe load-bearing elements of the fuselage are made of light and
strong structural materials such as aluminum, titanium alloys and
composite materials. Skin is made of aluminum and its alloys.

With the increasing speed and altitude there’s a necessity to design
pressurized cockpits and passenger cabins with pressure and temperature
inside of them required for normal human vital activity. In this regard, the
requirements for modern aircraft fuselage construction also increased
considerably.

The overwhelming majority of aircraft is designed mainly according
to one-fuselage scheme, very seldom - according to double-beam
scheme. But there are some experimental non-fuselage planes — they are
called a flying wing.

Wing. A wing is essential part of aircraft structure. Performance of
aircraft depends on the shape, the size and the location of a wing. The
main function of a wing is to create aerodynamic lift that is necessary to
ensure all operational modes and maneuvers during the flight. Therefore,
along with horizontal and vertical stabilizers, a wing refers to the load-
bearing parts of the aircraft structure and provides a plane with lateral
stability and control. It should be noted that wings have from 30 to 50 % of
the total weight of the whole airframe.

Structurally a wing consists of several parts: inner wing (center wing
section) and outer wing detachable parts (wing panels). The center wing
section is attached to aircraft fuselage or structurally configured in such a
way that a wing and the fuselage form integral unit. Outer wings are
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attached to the center wing section from the left and the right sides of the
fuselage forming a wing itself. Airplanes with one wing are called
monoplanes and aircraft with two wings are called biplanes (Fig. 4.4).

Fig. 4.4. Airplanes: a monoplane and a biplane
1-Yak-52 — monoplane;2-An-2 — biplane.

Aircraft controls are located on a wing. Aircraft controls include
ailerons and spoilers which provide control of the airplane relative to the
longitudinal axis. The high-lift devices for wing mechanization are located
on wings as well. With the help of these devices one can control
aerodynamics of a wing, thereby improving the take-off and landing
performance of the plane. These devices include flaps and slats
(Fig. 4.5.a and 4.5.b). The main takeoff and landing characteristics are
assumed to be takeoff run, landing length, takeoff and landing speed of
aircraft.

I
f

Fig. 4.5.a. General Scheme of wing surfaces control

1-fuselage; 2-right wing panel; 3-slats; 4-flaps; 5-spoiler; 6-aileron; 7-
aircraft flight direction; 3,4-wing high-lift devices; 5,6-aircraft controls.
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Fig. 4.5.b. Wing mechanization
1-flaps; 2-slats.

Inner space of a wing can be used to accommodate the fuel tanks,
various aggregates, landing gear, aircraft communications, etc. Aircraft
engines can be mounted on a wing or below it as well by means of special
devices — pylons. For military aircraft, there are devices for armament to
be placed under a wing.

The forms of the wings of various aircraft types may differ
significantly from each other. The most common forms that are widely
used in aircraft are straight wings, swept wings, delta wings and integral
wings (the fuselage and the wing form integral unit) (Fig. 4.5.c).

Fig. 4.5.c. External wing shapes

1-direct-rectangular; 2-direct elliptic; 3-direct trapezoidal;
4-swept-swept back; 5-swept-forward; 6-integral with the scheme fuselage;
7-triangular.
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Initially, when designing certain types of aircraft, a number of tactical
and technical requirements should be met. To meet all these requirements
a wing with the corresponding shape and size is selected.

Structurally a wing consists of a frame and a skin (Fig.4.6). The
frame, in turn, is assembled from the elements of the longitudinal
structural members, namely, spars, stringers and transverse structural
members that are ribs. Skin is relativelt fixed above the frame and
provides a wing with the necessary aerodynamic shape.

Fig. 4.6. Simplest wing construction

1-spars; 2-ribs; 3-stringers; 4-skin; 5-hinge fittings; 6-aileron;
7-technological rib apertures to lessen the wright of the wing.

Empennage

The empennage is load-bearing surfaces designed to create stability,
control and balance of the aircraft in the longitudinal and lateral motion.
The empennage of the most aircraft is located on the rear part of the
fuselage.

The empennage is divided into a horizontal stabilizer and a vertical
(Fig.4.7) stabilizer, and consists of fixed and movable parts. The fixed part
of the horizontal stabilizer is called a stabilizer (2); the movable part is
called an elevator (4). The fixed part of the vertical stabilizer is called a fin
(1) and the moving part is a rudder (3). The rudder and the elevator are
used to create control moments relative to the central axes of aircratft.
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Fig. 4.7. Aircraft empennage

A stabilizer, in turn, consists of two panels: left one and right one.
The main function of the empennage elements is the stabilization of flight.
It means the empennage helps to maintain the direction and the flight
altitude of aircraft, which was originally set by the crew. The fin controls
the direction of the flight, and the stabilizer controls the altitude.

Supersonic aircraft empennage may not have an elevator and a
rudder because of their low efficiency at high speeds. Their functions are
performed by controlled wall-moving fin and stabilizer.

The empennage configuration is similar to the one of a wing and in
most cases copies its shape. Modern civil and military airplanes use the
most common one-fin empennage but there’re aircraft models with
distributed vertical empennage that consists of two fins.

Structurally a fin and a stabilizer are similar. Elevators and rudders
are identical in their design as well. The empennage frame on modern
aircraft is made of aluminum alloy; the skin of a fin and a stabilizer is made
of duralumin. Structurally the main components of the primary structure of
the empennage are the same as of the wing and they work identically:
bending is taken up by spar caps, stringers and partly by skin. The lateral
force (cross force) is taken up by spar webs and torsion is taken up by
closed loop. A stabilizer and a fin are attached to the fuselage by means of
hinge fittings on the spars and the frames.

Fig. 4.8 presents the structure of a fin: 1 - front spar, 2 - skin, 3 - rear
spar, 4 - wing-tip fairing, 5- rudder hinge fittings, 6 - rib. The control
surfaces and the ailerons are often designed as one-spar units with a set
of stringers and ribs. In order the skin can take up better bending moment
and keep the shape and the airfoil, the designers use the control surfaces
with foam or honeycomb filling. Such design allows one to increase the
stiffness of control surfaces and decrease its weight.
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Fig. 4.8. Fin construction

Civil aircraft use two the most widely used empennage schemes:
conventional one and T-shaped. Conventional empennage is
characterized by a fin and a stabilizer being attached directly to the
fuselage. It provides minimum weight, simple design of a fin, a stabilizer
and rudder control linkage.

T-shaped empennage is characterized by a stabilizer being attached
to the top of the fin (Fig. 4.9). It provides: the removal of a horizontal tail
wing from the backwash of a wing and engines; the enlargement of the
arm of a horizontal stabilizer; the improving of the vertical stabilizer
aerodynamic efficiency. However, the weight is increased as well as the
design of a fin, a stabilizer and rudder control linkage are getting more
complicated.

Fig. 4.9. T-shaped empennage scheme
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1-dorsal fin; 2-vertical stabilizer leading edge; 3-middle part of the fin; 4-

rear fin; 5-fairing; 6, 7, 8-front, middle and rear stabilizer, respectively; 9-

elevator; 10-elevator trimming tab; 11-stabilizer fin; 12-rudder; 13-rudder
spring balance tab.

Deicing devices, electric harnesses and antennae are located on the
front part of the fin and stabilizer. Fuel (1I-62M) and engine air intakes
(Tu-154, Yak-40, Yak-42) can be located in the middle monoblock part of
the fin. Control surfaces are located in the tail part of the fin and stabilizer.

Landing gear

Landing gear is designed to move an aircraft on the airfield and
taxiing it down the runway during takeoff and landing, as well as to keep
the aircraft on the ground or water during parking. Among the variety of
the aircraft the most common landing gear is a wheeled one. In winter light
aircraft landing gear can have skis instead of wheels. Seaplanes in turn
have floats instead of wheels. During the flight the wheeled landing gear is
retracted into the wing or into the fuselage in order to reduce the air drag.
Light sport aircraft, trainers and the other types of light airplanes are often
designed with the non-retractable landing gear, which are structurally
simpler and lighter than retractable landing gear.

Regarding the location of the landing gear struts relatively to the
mass center, the aircraft differ in the following basic schemes: tail-wheel
landing gear (Fig. 4.10), nose-wheel landing gear (tricycle undercarriage)
and a bicycle one.

Fig. 4.10. Tail-wheel landing gear (tricycle undercarriage)

Tail-wheel landing gear is usually mounted on a small aircraft with
non-retractable nose struts. The takeoff and landing of such airplanes are
carried out by means of the main (nose) struts that are ahead of the mass
center, or close to it. The tail strut is needed to maintain stable position of
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the aircraft on the ground and when taxiing on the runway. With a
relatively small weight and simplicity, this scheme has a number of
significant disadvantages.

Nose-wheel landing gear (tricycle undercarriage) (Fig. 4.11) does not
have disadvantages that are present in the tail-wheel landing gear
because the aircraft's mass center thus is located in front of the main
struts and the nose strut is offset far ahead relative to the aircraft mass
center.

H
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Fig. 4.11. Nose-wheel landing gear (tricycle undercarriage)

Such scheme provides one with better visibility from the cockpit and
good directional stability of the plane.

Bicycle scheme includes two struts mounted under the fuselage that
are approximately equal in the loads taken up by struts. Two underwing
struts that can take up to 5% of the parking load can be mounted in order
to prevent the aircraft from stalling on the wing. This scheme is not widely
used on long-haul aircraft, as it causes the difficulties in piloting during the
aircraft landing, complicates the design and makes the mechanism of the
nose landing strut heavier.

Modern jet aircraft are equipped with tricycle landing gear with nose
strut in the front of the fuselage and two struts near the gravity center of
the aircraft under the fuselage or the wing (Fig. 4.12). This tricycle landing
gear provides one with safe landing at higher speeds and stable aircraft
motion during takeoff run and landing run. Heavy passenger airplanes are
equipped with bogie landing gear to reduce loads and pressure on the
aerodrome surface (Fig. 4.12-2, 3, 4).

48



Fig. 4.12. Main landing gear configurations

1-tail-wheel landing gear An-2; 2-tricycle landing gear with a nose gear
(tricycle undercarriage) An-148; 3-bicycle scheme M-4 "Bison”;
4-Bogie landing gear B-747.

All landing gears are equipped with liquid-gas or liquid absorbers to
soften the impacts that occur during aircraft landing and when it's moving
on the airfield. The nose strut has a castoring wheel in order to taxi an
aircraft. Aircraft taxiing on the ground can also be carried out due to
separate braking wheels of main struts.

The design of retractable landing gear (Fig. 4.13) is much more
complicated than non-retractable landing gear. Retractable landing gear
has greater mass due to retraction (extension) mechanisms of landing
gear. At the same time the aerodynamic drag of the aircraft with a
retractable landing gear is by 20-35% less compared to the plane with a
non-retractable landing gear.
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Fig. 4.13. Main components of retractable landing gear

The main components of retractable landing gear are the following:

- supporting elements ensuring contact of an aircraft with the basing
surface: wheels, skis, floats, boats and other supporting elements. Fig. 13
depicts the supporting element, that is the nosewheel (11) and the main
wheels (9);

- struts (7) ensuring the transfer of loads from the main gear
elements to the aircraft construction through the suspension components.
If the inner cavity of the strut is used to place the shock absorber, then it is
called a shock strut;

- folding struts (5) which are an additional supporting strut;

- hydrocylinders (6) to retract and extend main landing gear and
hydraulic cylinders (12) and to retract and extend the nose gear;

- locks (2) (mechanical and hydraulic) to fix the landing gear in the
retracted or extended position;

- doors (10) closing the nose landing gear and doors (8) closing the
main gear in the retracted position;
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- differential mechanism (3) to control the nosewheel steering;
- mechanical gear position indicators to determine the position of the
struts (retracted - extended) of main (1) and nose (4) gear units.

Powerplant

Aircraft powerplant is designed to create the necessary thrust in the
whole range of flight operating conditions and it consists of the aircraft
engines, propellers, air intakes, jet nozzles, fuel supply system, lubrication
system, control system, regulation system, etc.

It should be noted that almost until the end of the 40s piston inter-
combustion engine was a basic type of aircraft engines of all the countries
in the world. It had air or liquid cooling that could rotate a propeller
(Fig. 4.14). The power of such engines has been brought almost to 3160
kW, and the speed of the aircraft was 700 — 750 km / h.
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Fig. 4.14. Exterior view of the aircraft piston engine

However, sharp increase of the aerodynamic drag and reduction of
the performance efficiency of the propeller prevented further speed
increase. Later due to the development of new technologies for military
and civil aircraft, designers started to use gas turbine jet engines, namely
turbojet and turbofan engines. This change allowed modern aircraft to
increase speed and altitude by several times.

The number of engines in the propulsion system of the modern
aircraft has been changed as well. As we know, it can be quite varied.
Mostly it depends on the function of the aircraft and its flight
characteristics. There is a variety of engine locations on the airplane.

Reciprocating engines were usually located on the wing and in the
forward fuselage part. In the same way engines are located on the
turboprop airplanes. Jet aircraft have more diverse engine locations.
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Combat fighter planes have one or two turbojet engines that are usually
located in the fuselage. Heavy jet aircraft had engines in the wing root, but
the most widespread engine location is the scheme of engine mount on
pylons under wings (Fig. 4.15).

Fig. 4.15. Engine mount on pylon under wing

Passenger aircraft can have 2, 3 or 4 engines; they are located often
in the fuselage aft portion. If an aircraft have three engines, one of the
engines is placed inside the fuselage, and its air intake is located in the fin
root. The benefits of such layout include: noise reduction in the passenger
cabin and the improvement of the lift-to-drag ratio due to a wing without
extra load.

Wing engine mount is used in short take-off and landing aircraft with
the blowing of the upper wing surface (AN-74). The engines of some
passenger and cargo aircraft are equipped with thrust reversing devices
that are used during landing to reduce the landing distance. Aircraft
engines use liquid hydrocarbon fuel. Gasoline, for example, is used in
piston engines, and so-called jet fuel (kerosene) is used in gas turbine
engines.

Aircraft equipment

Aircraft equipment provides aircraft piloting and flight safety; creates
the necessary conditions for the life of the crew and the passengers;
solves tasks related to the purpose of the airplane.

Aircraft navigation uses flight and navigation equipment, radio
equipment and radar equipment. To improve the safety of the flight, fire-
extinguishing, emergency, external lighting equipment, de-icing system
and others are used. Life support system consists of air-conditioning
system (airlock system), air cabin pressurization and oxygen equipment.
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Energy supply of the aircraft systems and assemblies provides power-
supply system, hydraulic and pneumatic systems.

Mission equipment depends on the type of the aircraft. It includes,
for example, units of chemical spraying on the agricultural aircraft,
passenger aircraft furnishing, surveillance and sighting systems of the
combat aircraft, etc.

Devices, indicators and warning devices are part of the display
system, which provides crew with data needed to perform flight tasks, to
control power plant performance and avionics (board equipment)
performance. Information content of the display equipment has increased.
Nowadays the usage of screen indicators is more extended. The
functionality of the aircraft equipment is significantly increased, its
reliability and accuracy is much higher.

Onboard digital computers (DC) are more and more often used for
data processing and operation control automation of various aircraft
systems. In modern aircraft cockpit layout, optimal composition and
location of display electronics, control panels, and so forth are selected to
meet the requirements of aviation ergonomics.

Nowadays continuous technical improvement of modern aircraft on-
board equipment) has allowed us not only to increase the flight range and
altitude significantly, but also to perform long flights day and night under
bad weather and geographical conditions.
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Vocabulary notes

Ne | English Ukrainian Russian
1 aerodynamic force | aepognHamMiyHa cuna | aepogmHamMmyeckasi cuna
5 aerodynamic aepoguHamivyHa aspoamHamMmnyeckas
surface NOBEPXHSA NOBEPXHOCTb
3 aerodynamical aepoanHaMIYHI aspoaguHamMmnyeckue
performance XapaKkTePUCTUKN XapaKkTePUCTUKN
4 oft XBOCTOBA YacTuHa XBOCTOBasi 4acCTb
doro3ensy dorozenska
5 aileron enepoH €3NEepPOoH
air intake NOBITPO3abipHUK BO34yX03ab0opHUK
. . cucrema cucrtema
air-conditioning .
6 svstem KOHONLtOBaHHS KOHOMLUMOHNPOBaHME
y noBiTps BO3Ayxa
airfield aepoapom aspoapom
8 airflow NOBITPSAHUI MOTIK BO3AYLLUHbIA NOTOK
aepoguHamivyHa aspoamHamMmnyeckas
9 airfoil NoBepXHs, Npomdinb NOBEPXHOCTb, NpoduIb
Kpuna Kpbina
10 | airframe KapKac goro3ensaxy Kapkac gorosensxa
11 | airspace aTmocdepa aTmocdepa
N CyUiSTbHO NOBOPOTHUM y
12 | all-moving fin Kb LEeNbHOMNOBOPOTHbLIN KNIb
13 | alloy cnnas cnnase
14 | avionics aBioHika aBNOHMKA
15 | bars nnaHka nnaHka
16 | beam Banka banka
: 3rmHanbHe
17 | bending loads crnbatowlasn Harpyska
HaBaHTaXXEHHS
ABOXOMOpHa
. ABYyXonopHas
18 | bicycle scheme (BenocunegHa
(BenocmnegHasi) cxema
cxema)
19 | biplane GinnaH ovnnaH
20 | bogie landing gear | 6araTtokonicHe wWaci | MHOroKosleCHoe Lwaccu
21 | braking rasibMyBaHH4 TOPMOXEHne
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Ne | English Ukrainian Russian
22 | bulkhead neperopoaka neperopoaka
23 | cargo bay BaHTaXXHUN BIACIK rpy30BOM OTCEK
24 | center wing section | ueHTponsaH LeHTponnaH
: : KOMMO3UTHI
25 | composite materials ) KOMMO3UTHbIE MaTepuansbl
MaTepianu
conventional HOopMmarbHe
26 HOpMaJsibHOe onepeHne
empennage OMepeHHs
.- cucrtema npoTnBoobneaeHuTeNnbHas
27 | de-icing system :
NpOTU3NeaeHIHHA cucrtema
28 | delta wing TPUKYTHE KpUno TpeyronbHOe KpbIno
29 | door CTBOpKa CTBOpKa
double-beam
30 Apobankosa cxema ApyxbanoyHasi cxema
scheme
31 |drag cuna onopy cusia ConpoTUBIEHUS
32 | elevator KepMO BUCOTH pPynb BbICOTHI
33 | elliptic wing eninTuyHe Kpuno ANANNTUYECKOE KPbINO
34 | empennage XBOCTOBE OMNEepeHHs | XBOCTOBOE OrnepeHne
35 | energy supply €HEepProXmBreHHs 9HepronuTaHue
36 | fairings 0OTiYHMKM obTekaTenu
. KOpHeBa YyacTuHa
37 | fin root KOpHeBasi YacCTb KpblSia
Kpvna
38 | fire-extinguishing raCiHHSA NMOXeXi noXapoTyLueHne
39 |flap 3aKpUNokK 3aKpbINOK
40 | flying wing nitartode Kpuno netaroLlee Kpblio
- niHONNacToBUN MeHonnacToBbIN
41 | foam filling
HanoBHKOBaY HanosTHUTENb
42 | frame LUNaHroyT LLINaHroyT
43 | fuel tank nanueHum 6ak TONNAMBHbIN Bak
44 | fuselage doro3ensxk doro3ensax
o : 3acib mexaHisauii CpPeAcTBO MexaHu3aumm
45 | high-lift devices H pea H
Kpuna Kpblna
46 | honeycomb filling COTOBMI HaMNOBHKOBAY | COTOBbLIW HaMOMHUTENb
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Ne | English Ukrainian Russian
. - rOpn3oHTarnbHe
47 | horizontal stabilizer ropu3oHTanbHOE onepeHne
ONnepeHHs
: : cepenHa YacTuHKa
48 | Inner wing cpefHsAA YacTb Kpbina
Kpuna
49 | jet engine peakTUBHUN OBUMYH peakTMBHbIN ABUraTesb
50 |landing nocagka nocagka
51 | landing gear waci Luaccu
52 | lateral axis nonepe4yHa BiCb nonepe4vHasi ocb
: nepenHsa KpoMka
53 | leading edge PeA P nepenHAa KpoOMKa Kpbina
Kpuna
54 | lift nignomMHa cuna nogbemMHasa cuna
55 |linkage npoBoaKa npoBoOaKa
56 | liquid absorber PiOKUA aMmopTm3aTop | KUAOKOCTHbIN aMopTmn3aTop
load-bearing
57 Hecy4a NoBepPXHS HecyLwlasi NMOBEPXHOCTb
surface
58 | longitudinal axis NO300BXHS BiCb npoaosribHasa oCb
N cuctema
59 | lubrication system cuctema cMasku
3MallyBaHHS
60 | maneuver MaHeBp MaHeBp
L MEXaHi4YHMI y
61 | mechanic indicator | . MEXaHN4YeCKNn MHANKaTop
iHOnKaTop
62 | mission equipment | obnagHaHHA wini Lenesoe obopyaoBaHue
63 | monoblock MOHO6SOK MOHOGNOK
64 | monoplane MOHOMMNaH MOHOnMMaH
65 | mount yCTaHOBKa yCTaHOBKa
66 | movable part pyxomMa 4YacTuHKa noaBMKHaA YacTb
non-retractable Laci, wo He
67 : HeybupatoLleecs waccu
landing gear NpnbupaeTbCs
68 | nose landing gear | nepegHe waci nepegHee waccu
69 | nose strut nepenHa onopa waci | nepegHas ornopa Laccu
20 nose-wheel landing | TpbOXOMOpPHe Waci 3 | TPEXONOPHOE Waccu ¢

gear

HOCOBOHK OIMOPOKO

HOCOBOW OMOpow
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Ne | English Ukrainian Russian
71 | nozzle conno conno
on-board
72 : bopToBe obnagHaHHsA | bopToBOoEe 0bopyaoBaHME
equipment
: BbokoBa YacTuMHa
73 | outer wing BokoBag 4YacTb Kpblna
Kpvna
: CTOSIHOYHE
74 | parking load CTOSIHOYHas Harpyaka
HaBaHTa)XEHHS
75 | payload HaBaHTaXXeHHS Harpy3ka
76 | piloting NiNnoTyBaHHA NNOTUPOBaHME
obepTaHHs no .
. . BpaLLleHne No nonepeyvyHom
77 | pitch nonepeyHbIn Oci,
OCWU, TaHrax
TaHrax
78 | powerplant cunoBa ycTaHoBKa cunoBas yCTaHoOBKa
79 | propeller nponenep nponennep
80 | pylon NifoH MNSTOH
81 radio and radar pagionokauinHe paanonoKauuoHHoe
equipment yCTaTKyBaHHS obopygoBaHue
82 |rear spar 3aHin JIOHXXEepPOH 3aHUN NOHXEePOH
. : : MOpLLUEHb 3BOPOTHO- | MOPLLEHb BO3BPATHO-
83 | reciprocating piston P P P P
NOCTYNanbHOro xog4y | NOCTynaTerbHOro xoaa
84 | reinforced stringers | NOCUNEHUN CTPUHIEP | YCUSTEHHbIN CTPUHrep
retractable landing | waci, wo
85 ybupatoLeecs waccu
gear npudnpaeTbCs
86 |rib HepBlopa HepBopa
87 | rudder KepMO Harnpsimy pySib HanpasneHusd
88 | skin obLmnBka obLmBKa
89 | slat npeakpuok NnpeaKpbINoK
90 | spar JNTOHXXEPOH NOHXEPOH
91 | spoiler iHTEepuenTop NHTEepuenTop
92 | stabilizer crabinizatop ctabununaartop
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Ne | English Ukrainian Russian
93 | stalling 3BasitoBaHHS cBanvBaHue
94 | stiffness YXOPCTKICTb XECTKOCTb
95 | straight wing NPSIMOBUAHE KPUNO NPSAMOBUAHOE KPbINo
96 | stringer CTPUHrep CTPUHrep
97 | structural members | enieMeHT KOHCTPYKLUiT | 3NeMEHT KOHCTPYKLINK
98 | strut nigkic noakoc
99 | supporting element | onopHUn enemeHT OMOPHbIN ANEMEHT
100 swept forward KpWno 3BOPOTHOI Kpblf1o o6paTHON
aircraft CTpinonoaidHoCTI CTPENOBUAHOCTM
101 | swept wing CTpinionoaidbHe KpMNo | CTPenoBUaHOE KPbISio
. KpWIo npsamol KPbINO NPsiMON
102 | sweptback aircraft v pA . P P
cTpinonoaibHocCTi CTPEnoBNOHOCTH
103 | tail section XBOCTOBaA YacTuHa XBOCTOBast YacCTb
tail-wheel landing Luaci 3 XBOCTOBOK y y
104 LLIaCCK C XBOCTOBOW OMNMOpoun
gear OrnMopoto
105 | take-off 3niT B3neT
N : .| ABWXeHne caMoreTa Ha
106 | taxiing pyx nitaka Ha 3emni
3emne
107 | thrust T4ra Tdra
108 | tip 3aKiHLiBKa Kpuna 3aKOHLIOBKa Kpblna
109 transverse nornepevyHni CUNOBUN | NONEepPeYHbIN CUITOBOU
structural member | Habip Habop
: : TpanevuenoaibHe
110 | trapezoidal wing P Henon TpaneumeBngHOE KpbIno
Kpusio
111 | tricycle gear TPUKOnicHe Lwaci TPEXKOoSieCHoe Lwaccu
112 | trim TpumMmep TpUMmep
T-shaped :
113 P T-nogibHe onepeHHs | T-obpa3Hoe onepeHne
empennage
. TYPOOBEHTUNATOPHUI | TYPOOBEHTUNATOPHBIN
114 | turbofan engine yp P yp P
OBUIYyH aBuratenb
. . TypOopeakTMBHUI TypbGopeakTUBHbIN
115 | turbojet engine ypoop ypoop
ABUIyH aBuratenb
116 | vertical axis BepTMKarbHa BiCb BepTUKarnbHasa ocb
: . BEpTUKarnbHoOe
117 | vertical stabilizer P BepTUKarbHe onepeHHd
onepeHune
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Ne | English Ukrainian Russian

118 | wing Kpuno KpbINo

119 | wing contour npoQinib Kpuna npodunb Kpblina
120 | wing panel KOHCOJSb Kpuna KOHCOMNb Kpblna
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BnpaBu pno tekcty 4
|. BnpaBu Ha nepeBipKy 3HaHb JIEKCUYHOro Matepiany

1) Give the definition to the following words:

a) Plane;

b) Conventional empennage;
c) T-shaped empennage,;

d) Powerplant;

e) Fuselage.

2) Fill in the gaps with appropriate words (one word can be used several
times):

Compqsﬂe Rudder Landing gear Air intake
materials
Elevator Wing Turbojet engine Fuselage
Navigation equipment Flying wing

1. The aircraft controls are located on the

2. Conventional empennage includes a fin and a stabilizer being
attached directly to the

3. is equipped with a liquid-gas or liquid absorbers to soften
the impacts that occur during aircraft landing.

4. Airframe load-bearing elements of the fuselage are made of light
and strong structural materials such as aluminum, titanium alloys and

5. The is located in the tail part of a fin and a stabilizer.

6. Combat fighter planes have one or two _ that are usually
located in the fuselage.

7. If the aircraft have three engines, one of the engines is placed
inside the fuselage, and its ___is located in the fin root.

8. Aircraft navigation uses flight and _ , radio equipment and
radar equipment.

9. There are some experimental non-fuselage planes — they are
called

10. Supersonic aircraft empennage may not have an _ and a
rudder because of their low efficiency at high speeds.

Il. BnpaBu Ha nepeBipKy 3HaHb JIEKCUKU i PO3YMiHHA BMBYEHOrO
maTepiany

1) Choose the right statement, put true (T) or false (F):
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1. As for construction characteristics fin and stabilizer are similar.

2. T-shaped empennage is a stabilizer being attached to the
fuselage.

3. The aircraft controls include ailerons and spoilers which provide
control of the airplane relative to the lateral axis.

4. Empennage frame on modern aircraft is made of aluminum alloy.

5. The skin of a fin and a stabilizer is made of aluminum alloy as well.

6. The civil aircraft use only T-shaped empennage scheme.

7. The rudders are located in the tail part of a fin and a stabilizer.

8. The design of retractable landing gear is much more complicated
than of a non-retractable landing gear.

9. Retractable landing gear has light mass.

10. The number of engines depends on the purpose of the aircraft
and its flight characteristics.

2) Describe the given picture. What kind of plane can you see? What is
this plane for? Describe its fuselage, wing configuration, landing gear,
empennage and engines. Use words from the box to make your speech
more professional.

Airliner Long-haul
Wheels Wide-body
Bogie type Outfit
Turbofan engines Passenger deck
Sweep Low-mounted wing
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lll. BnpaBn Ha nepeBipKy 3HaHb NIEKCUKU i PO3YMiHHSI BUBYEHOroO
MaTepiany Ha GifibLu BUCOKOMY PiBHi

1) Translate from Russian/Ukrainian into English:

1. MNopwHeBble aBuratenu o06bLIYHO YCTaHaBNMBANMCb Ha Kpbine. /
[MopLuHeBI ABUIyHM 3a 3BUYan BCTAHOBMOBAINCS Ha KPUIi.

2. Ons CaMOSETOBOXAEHWS NCrnonb3yeTcs NUIIOTaXHO-
HaBUrauMoOHHOE, pagnoTeXHNYECKOe U pagmonokaunoHHoe obopyaoBaHue.
[/ Ona KepyBaHHA riTaka BUKOPUCTOBYETLCH MiNIOTaXXHO-HaBirawinHe,
pagioTexHivHe i pagionokauinHe obnagHaHHS.

3. KoHcTpykuuss camonérta [forbkHa obecrneynBaTb BbICOKME
aspoaMHaMN4ecKkne xapakTtepuctukn. / KOHCTpyKuis niTaka noBMHHA
3abesnedvyBaT BUCOKI aepognHaMiYHi XxapakTepUCTUKN.

4. CoBpeMeHHble CaMONETbl OCHALLLAOTCA aBUOHMKOM U BOPTOBLIM
obopynoBaHneM. / Cy4yacHi niTakm OCHALLYKTbLCS aBiOHUKOK | BopTOBUM
obrnagHaHHAM.

5. KOHCTpyKuMs pro3enska COOEepXWUT KapKkac, M3roTOBIIEHHbIN U3
CUNOBbIX 3NIEMEHTOB: NTOHXEPOHOB, CTPUHIEPOB, LUNAHIOYTOB N OOLUUBKN.
/| KOHCTpyKUIiA pro3ensky MICTUTb Kapkac, BUrOTOBSIEHUA i3 CUITOBUX
efIEMEHTIB: NTOHXEPOHIB, CTPUHIeEpPIB, LLUMAHIOyTiB i OOLLUNBKN.

6. ObwwuBKa M3roTaBnMBaAETCA W3 antOMUHUA W ero cnnasoB. /
O6wuBKa BUrOTOBASIETLCA 3 artOMIiHilO | MOro cnnasi..

7. OnepeHne CBEPX3BYKOBLIX CaMOSIETOB MOXET He UMETb pyreun
BbICOTbI 1 HanpasneHnd. /| OnepeHHs Haa3BYKOBUX liTakiB MOXe HE MaTu
pyniB BUCOTU | HANPAMKY.

8. B nepegHux 4Yactax Kung dawe Bcero pasmeuiaroT
npoTnsoobneneHnTeNbHble YCTpoucTBa. / Y nepeaHix 4vacTtuHax Kingd
Han4acTile po3MiLLYyHTb NPUCTPOIT NPOTU 0BNeaEeHIHHS.

9. Bce waccu ocHaleHbl XWUAKOCTHO-ra3oBbIMU UMW KUOKOCTHBIMU
amopTtumsatopamu. / Bei waci ocHaleHi piguHHo-razoBumMm abo piguHHMMHK
amopTusaTopamu.

10. OndpdepeHumanbHbIn MexaHn3M yrnpasnseT noBOPOTOM Koreca
nepegHen ctomku. / [OudepeHuianbHU MeXaHi3M yrnpaBnsie NoBOPOTOM
Korneca nepeaHbOl CTOMNKM.

2) Imagine that you have to fill the blank of aircraft characteristics. The
plane that you work with is Boeing 747-400. Fill the small part of the table
from this blank using some numbers given below in the box:

Mach 0.92 2 4, turbofan PW4062 541,2 m?

64,40 m 412.770 kg max. 660 184.567 kg | 13.449 km
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Characteristic Number

Crew

Passengers

Propulsion

Engine model

Speed

Range

Wing span

Wing area

Empty weight

Max. take-off weight

V. loaaTKoBi NUTaHHA (3a 3MiCTOM HaB4YarnbHUX BigeodinbmiB)

1. Which plane was called the “Queen of the skies”? (based on the
film “How to build a Boeing 7477)

2. What did the manufacturer want to change, to make the old
airplane better? (based on the film “How to build a Boeing 747")

3. Which problem did the Boeing face, having accepted the
challenge of building the 747 aircraft? (based on the film “How to build a
Boeing 747”)

4. What danger can be caused by flutter? (based on the film “How to
build a Boeing 7477)

5. Why did the workers attach heavy concrete blocks to the airplane
wings during the aircraft building? (based on the film “How to build a
Boeing 747")
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CHAPTER 5

General information about electric power supply systems of an
aircraft

The further growth of the scientific and technical progress has made
the rise in world aviation science and industry significantly noticeable.

Today modern aircraft transport huge numbers of passengers and
various cargoes, they are used in agricultural industry and forestry, as well
as in oil and gas fields, and in military field. Thereatfter, the requirements to
the modern aircraft have become much higher: the aircraft must be
reliable; they must be airborne for a long time; they must transport
cargoes of particular dimensions and mass; they must be high-speed and
maneuvering; they must not depend on the time of day and weather
conditions. That's why the modern aircraft design has become more
complicated. Their maintenance and flight preparation require more time,
as well as using expensive modern equipment. And by using progressive
modern materials and technologies, as well as equipping the aircraft with
complex modern devices, aircraft designers have placed the airplanes on
a higher stage of development.

To control modern aircraft more accurately and effectively both
during the flight and during the ground time, aircraft engineers and
designers have developed, produced and implemented a number of
accessories and systems, which operate independently. Thus, they have
simplified the crews’ work during the flight time, as well as increase the
safety level.

On modern aircraft different types of energy are used to put some
separate elements and accessories in operation, for example, an aircraft
control system, or an engine control system, as well as other aircraft
systems and accessories.

Depending on the type of energy used in this or that aircraft system,
there are hydraulic, gas and electric systems. Thus, the hydraulic system,
for example, runs on special fluids, the gas system runs on gas energy,
the electric system runs on electrical energy, which is produced by
electrical power supplies. Such systems are called aircraft energy systems.
It is noteworthy, that each of these systems has its specific properties and
some advantages as well.

Hydraulic system
The hydraulic system is one of the most important systems on
modern aircraft. This is because if its ability to accumulate and
concentrate a big quantity of hydraulic energy, which is consumed
afterwards by hydraulic gears to control the working surfaces of a
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stabilizer, which is a part of the aircraft control system.

Hydraulic gears are used on modern aircraft due to their low weight
and small dimensions, high speed of response as well. The mass and
dimensions of a hydraulic unit are about 10-20 % of the mass and
dimensions of an electrical accessory for the same purposes and of
similar power. Hydraulic gears provide simple fixation of actuators’
intermediate positions.

The hydraulic system of an aircraft runs the systems and
mechanisms which are crucial for the flight safety. The reliability and
durability of the hydraulic system are provided by perfect accessories
construction, multiple reservation both of the power source and the
hydraulic gears, control automation, system operation control, as well as
providing the crew with necessary information.

Hydraulic systems are widely used on aircraft to control stabilizers
and rudders, high-lift devices, and gear kinematics.

Most of the national civil aircraft have the aircraft hydraulic oil
(hydraulic ~ fluid) (Russian AMI-10 -  AsuwaumoHHoe  Macno
Mmopaenuyeckoe; 10 — BA3koCTb Npu Temnepatype 50° no LUenbcuio,
ncrnonb3yeTca B KadecTBe paboyen XuOKoCTUM Ons  rmapaBnnyeckux
YCTPOUCTB, paboTallmnx B MHTepBase TeMnepatyp OKpyxarllen cpenbl
oT -60°C po +55°C) as the working medium. The operation of the
hydraulic system depends on the properties of this hydraulic fluid. It is
neutral to steel and duralumin, and its viscosity changes slightly with the
change of temperature. However, it can be inflammable. For example, the
ignition point of aircraft hydraulic oil AMI-10 is about 120°C. But the
explosion proof non-flammable mineral oil fluid which withstands the
temperature of 200°C (Russian HIMK-4 - Heroptovas
XNOKOCTb/rMapOXNOKOCTb Ha CUHTETUYECKOW ocHoBeE) is used on the IL-86
aircraft.

The hydraulic system of an airplane comprises two parts: the first
one is the network of pressure source accessories, and the second one is
the network of consumer accessories. The network of pressure source
accessories serves to create the operating pressure, accumulate energy,
regulate pressure in the system, distribute energy between consumers,
and to place some fluid reserves. The network of consumer accessories
includes separate parts; each of them serves to actuate a particular
mechanism. For example, a hydraulic complex of a modern airplane
serves to deliver the working fluid to:

- the aircraft control system gears and high lift gears;

- the network of gear kinematics accessories;

- breaking action accessories;

- windscreen wiper accessories;

- freight section control accessories.
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On modern aircraft two or more hydraulic systems are usually used.

One of them is main, another one is the emergency system.
Many aircraft consumer accessories are powered simultaneously from
several hydraulic systems. Due to this fact, their reliability is higher, since
the failure of one system does not prevent the consumer accessory from
being powered.

Each control plane (for example, stabilizers, spoilers, rudders etc.) is
run by all the hydraulic systems available on the aircraft, and the other
important consumer accessories (flaps, landing gear) are run by two or
more hydraulic systems. Less important (for flight and safety) consumer
accessories, and those operating only on the ground, are run by one
hydraulic system.

Each hydraulic system has primary pumps, which create working
pressure. Besides, there are also emergency power sources: fluid
converters set up between the hydraulic systems, ram air turbines, and
electric pumping units.

The construction of hydraulic systems varies a lot depending on the
type of an aircraft; the aircraft construction varies as well. A general
hydraulic schematic, present in all aircraft, is shown below.

All the hydraulic systems include:

- pressure sources (pumps, pump units);

- plumbing fitting with commutation accessories (pipe systems,
valves, non-return valves, filters etc.);

- actuating accessories (hydraulic cylinders, hydraulic gears etc.);

- a hydraulic fluid filling-in system;

- a hydraulic fluid drain system;

- a pressurization system;

- a control- and gauge devices system.

The working pressure created by hydraulic pumps in the pressure
pipe system equals 210 kg/cm? or sometimes more on modern aircraft.

The disadvantages of the hydraulic system are the comparatively
large mass of accessories, pipelines and the working medium, the
dependence of accessories’ operation on the environment temperature.
The damage of accessories and pipelines can lead to fluid leakages,
which will cause more system failures.

Aircraft gas systems

In aircraft gas systems compressed gases energy is often used.
These gases are kept in special high-pressure tanks. These systems are
actuated by the expanding of the compressed gas (air, nitrogen etc.). The
mass of pipelines and working medium is low; the system operates
efficiently with high power output and is independent from environment
temperature and fire proof. The gases are also used in aircraft accessories
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for additional control, where the high speed of response is needed, for
example, to decelerate an aircraft. The main disadvantage of the system is
high gas compressibility. This leads to considerable delays when the
mechanism is initially actuated.

A pneumatic aircraft system is one of the gas aircraft systems.

The pneumatic system is used to start the engine, to stow the
reverser doors, to actuate the landing gear, to control the landing flap, to
brake the wheels. The pneumatic system does not differ much from the
hydraulic system. It also includes power sources and power consumers,
safety gears and control devices. The major power sources are air tanks,
which can be recharged from groundborne power sources and from
aircraft engines during the flight.

Electric systems

Electric systems are widely used to control the aircraft accessories
remotely. They are also used in the automated systems of actuation
devices, in autopilot actuators, in feel mechanisms of aircraft controllers, in
trimming flaps control etc.

All the electric system devices consume energy from the onboard
power system, which mainly aims to provide the onboard aircraft
equipment with high-quality energy. The onboard electric system includes
power generating devices and power distribution devices.

The aircraft safety depends on the reliability of the electric system.
There are 3 types of power sources used on modern aircraft: main power
sources, secondary power sources and emergency power sources. Main
power sources provide the aircraft systems and devices with energy in
normal flight conditions. Reserve power sources give energy to the
consumers when some electric systems fail and the capacity of main
power sources is not enough. Emergency power sources give energy only
to the vitally important aircraft systems.

The aircraft electric accessories are of high quality, high mechanical
and electrical reliability. They are explosion- and fire-proof, and easy to
use.

67



Vocabulary notes

Ne | English Ukrainian Russian
1 Accessory; aggregate | Arperar Arperar
2 Nitrogen HitporeH; asor A30T
3 High-pressure tank BanoH BMCOKOro TUCKy |[BannoH BbICOKOro
naBneHns
4 Board BopTt BopTt
5 High-lift device 3NbOTHO-NOoCcago4Ha B3neTHo-nocagoyHas
MexaHi3auis MexaHu3aums
6 Air [MoBiTps Bosgyx
7 Gas [a3 a3
8 Gas system [@a3oBa cucrema [a3oBaga cucrema
9 Producer; generator [eHepaTop [eHepaTop
10 | Hydraulic power [gpaeniyHa cuctema |[ngpasnuyeckasi cuctema
system
11 | Hydraulic energy; [opasnivyHa eHepris mapaenuyeckas aHeprna
hydraulic power
12 | Hydraulic unit [gpasniyHnn arperat  [[ngpasnuyecknn arperar
13 | Hydraulic oils lapaBniyHe mactuno [fngpaenmyeckoe mMacro
14 | Hydraulic fluid lapasniyHa pignHa MAPOXNAKOCTb
(rmgpaBnuyeckas XngkocTb)
15 | Hydraulic gear; liaponpuBig 'maponpueoa
hydraulic servo
16 | Fluid converter; fluid [iapoTpaHcdopmatop (fnapoTtpaHchopmaTop
transmission
17 | Hydraulic actuator; FapounniHgp fvapounnuHap
hydraulic cylinder;
hydraulic jack
18 | Civil aeronautics LinsinbHa aBiauia [paxkgaHcKkas aBuaums (ra)
19 | Cargo bay BaHTaxxHui BiaCIK [py3oBon oTCceK
20 | Pressure Tunck [laBneHuve
21 | Engine [BuryH [lBuratens
22 | Duralumin [ropantomiHin [ropantomMmHnn
23 | Liquid PionHa PKngkocTb
24 | Flaps 3aKpUIkm 3aKpbIITKN
25 | Spoiler; strake IHTepuenTop NHTepuentop
26 | Valve KpaH KpaH
27 | Aircraft JlitanbHWin anapat JleTatenbHbI annapar (1A)
28 | Manoeuvring ability MaHeBpeHiICTb MaHEBPEHHOCTb
29 | High lift devices; wing | MexaHi3auia kpuna MexaHnsaumsa Kpbina
devices
30 | Inflator; pump Hacoc Hacoc
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Ne | English Ukrainian Russian
31 | Non-return valve; ball | 3BopoTHUK kKnanaH Ob6paTtHbIK KnanaH
valve
32 | Single-phase current | OgHo(asHu CTpyMm OpHodhasHbIn TOK
33 | Alternating current 3MiHHU CTPYM [TlepeMeHHbIN TOK
34 | Pneumatic system; air | lNHeBmaTn4yHa cuctema [[IHeBMaTuyeckasa cucrtema
system
35 | Direct current [MOCTiHWUK CTPyM [MOCTOAHHBIN TOK
36 | Hydraulic action MpuBoawu rigpaenivyHoi  [MpnBoabl rmapaBiInyeckon
systems cUcTemMm CUCTEMBI
37 | Control plane; KepmoBa noBepxHs PyneBas noBepxHOCTb
aerosurface
38 | Rudder; directional Kepmo Hanpsamy Pynb HanpasneHus
vane
39 | Pressurization system | Cuctema HagayBaHHa |CucTema Hagaysa
40 | Electrical power supply | Cuctema Cuctema
eHepronoctayaHHs ANeKTpocHabxeHns
41 | Plumbing fitting 3’egHyBarnbHa CoeonHutenoHas
apmartypa apmaTtypa
42 | Tail-plane; stabilizer Ctabiniszatop Ctabunusartop
block
43 | Steel CTtanb; Kpunus Ctanb
44 | Reverser door CT1ynka peBepcy CTBOpKa peBepca
45 | Wiper; wiper arm CKITO04YMCHUK CTeknoovncTuTenb
46 | Three-phase current TpuhasHum cTpym TpéxdasHbln TOK
47 | Conduit pipe; pipe Tpybonposia TpybonpoBoAa
system
48 | Ram air turbine TypboHacocHi TypboHacocHble
YCTaHOBKM YCTaHOBKM
49 | Observer; filter dinbTp dunetp
50 |Landing gear Laci LLlaccu
51 | Crew Exinax QKUNax
52 | Electric system; EnekTpnyHa cuctema |[OnekTpuyeckasl cucrema
electrical power system
53 | Electrical truck EnekTpuyHum arperat  [OnekTpu4eckun arperar
54 | Electrical power supply EnekTpnyHe gxepeno ONEKTPUYECKNA UCTOYHUK
KNBINEHHA NnNTaHUA
55 | Electric equipment EnektpoobnagHaHHa  [QnekTtpoobopygoBaHue
56 | Electric pumping unit | EnektponpuBoOAaHi OnNeKTponpuBogHbIE
HACOCHI CTaHLUll HaAaCOCHble CTaHUUn
57 | Electrical wiring Enektponposoaka OnekTponpoBogKka
58 | Electrical energy EnekTpoeHepria ONEKTPOIHEPIUs
59 | Energy systems EHepreTnyHi cuctemm  [QHepreTudeckue CUCTEMbI
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BnpaBu oo tekcty 5
|. BnpaBu Ha nepeBipKy 3HaHb JIeKCUYHOro MmaTtepiany

1) Give the definition to the following words:

a) Hydraulic system;
b) Hydraulic fluid;

c) Gas;

d) Hydraulic pump;
e) Working medium.

2) Fill in the gaps with appropriate words (each word can be used
only once):

passengers energy accessories gears
kinematics time power supplies weight
reliability important dimensions safety fluids

1. Today modern aircraft transport huge numbers of __ and various

cargoes.
2. To control modern aircraft more accurately and effectively both
during the flight and during the ground _ , aircraft engineers and

designers have developed, produced and implemented a number of
and systems, which operate independently.

3. The hydraulic system, for example, runs on special .

4. The electric system runs on electrical __, which is produced by
electrical .

5. The hydraulic system is one of the most __ systems on modern
aircraft.

6. Hydraulic gears are used on modern aircraft due to their low
and small __.

7. Hydraulic __ provide simple fixation of actuators’ intermediate
positions.

8. The hydraulic system of an aircraft runs the systems and
mechanisms which are crucial for the flight .

9. Hydraulic systems are widely used on aircraft to control stabilizers
and rudders, high-lift devices, and gear __.

10. The aircraft safety depends on the __ of the electric system.
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Il. BnpaBu Ha nepeBipKy 3HaHb JIEKCUKU i PO3YMiHHA BMBYEHOrO
maTepiany

1) Choose the right statement, put true (T) or false (F):

1. There are 5 types of power sources used on modern aircraft.

2. All the electric system devices consume energy from the onboard
power system.

3. In aircraft gas systems compressed gases energy is often used.

4. The pneumatic system differs much from the hydraulic system.

5. The gases are also used in aircraft accessories for additional
control, where the high speed of response is needed.

6. A pneumatic aircraft system is one of the electric aircraft systems.

7. The damage of accessories and pipelines cannot lead to fluid
leakages.

8. Electric systems are widely used to control the aircraft
accessories remotely.

9. The working pressure created by hydraulic pumps in the pressure
pipe system equals 110 kg/cm?2 or sometimes more on modern aircraft.

10. The hydraulic fluid is neutral to steel and duralumin, and its
viscosity changes slightly with the change of temperature.

2) Choose the right (and appropriate) translation for each term:

1. Pressurization system

a) cuctema nogayea; b) cuctema Hagaysa; C) cuctema LasrieHus.

2. Direct current

a) nepemeHHbIN TOK; b) HEM3MEHHbIN KypC MornéeTa; C) NOCTOSHHbIN
TOK.

3. Observer

a) obcnyxmnsatollee yCTPoncTBo; b) duneTp; ¢) Habnogatens.

4. Producer

a) reHepartop; b) nponssoauTerns; ¢) npogrocep.

5. Control plane

a) KOHTPOMbHbLIM MfaH; b) ynpaBneHne camMoOnéToMm; C) pyrneBas
NOBEPXHOCTb.

6. Rudder

a) pyrnb HanpasrneHus; b) NOKpbILWKa; C) pyrb BbICOTHI.

7. Aircraft

a) netartenbHbIA annapar; b) caMonéT; ¢) aBukonTep.

8. Alternating current

a) un3MeHeHue Kypca; b) anbrepHaTMBHOE HanpasneHue; C)
nepemMeHHbIN TOK.
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9. Board

a) naHenb; b) gocka; c) 6opT.

10. Single-phase current

a) NOCTOSAHHLIN TOK; b) 0gHOMa3HbIN TOK; C) KpaTKOBPEMEHHbIN TOK.

lll. BnpaBn Ha nepeBipKy 3HaHb NIEKCUKU i PO3YyMiHHS BUBYEHOroO
MaTepiany Ha 6ifibLu BUCOKOMY PiBHi

1) Translate from Russian/Ukrainian into English:

1. C panbHenwmm pocTOM HayyHO-TEXHUYECKOrO nporpecca,
NnogbeEM B MWPOBOM aBMALMOHHOW Hayke W MNPOMBbILWIIEHHOCTN CTan
CYLWECTBEHHO 3aMeTeH. / 3 nogasnbLluM 3pOCTaHHAM HaYKOBO-TEXHIYHOMO
nporpecy, nigMomMm y CBITOBIN asiauivHIn Hayui Ta NPOMMCIOBOCTI CTaB
ICTOTHO NOMITHUM.

2. CerogHsi coBpeMeHHble JIA nepeBO3AT OrPOMHOE KONMNYECTBO
naccakmpoB W pasfiMyHbIX TPy30B, TPYOATCA B CENbCKOM U JIECHOM
X03ANCTBE, HEPTAHOM M ra3oBOM OTPACSISX, CTOAT Ha BOOPYXEHUN apMUN
MHOrMX ctpaH mupa. / CborogHi cyyacHi JIA nepeBo3ATb Benn4YesHy
KINbKICTb MacaXxupiB i PI3HUX BaHTaXiB, TPYAATbCA B CifIlbCbKOMY |
nicoBoMy rocnogapcTsi, HapTOBIM i ra3oBin ranyssix, CToATb Ha 030POEHHI
apMmin 6araTbox KpaiH CBITY.

3. Ha coBpeMeHHbIX camosiétax MCMornb3ylTca pasfnyHble BUAbI
SHeprn ans npuBeaeHns B AENCTBNE OTAENbHbIX NIEMEHTOB U arperaTos.
/ Ha cy4dacHux niTakax BWKOPUCTOBYKOTbCA Pi3Hi BUAW eHeprii ansa
npuBedeHHA B Ail0 OKPEMMUX eNneMeHTIB | arperaris.

4. Tngpasnuyeckaa cuctema sBnsSeTCA OOHOM U3 BaXXKHEWLWIMX B
NPUMEHEHNN Ha COBpeMeHHbIX camornetax. / [igpaBniyHa cuctema €
OOHIE0 3 HANBAXITMBILLIMX Y 3aCTOCYBaHHI Ha Cy4acCHUX fiTakax.

5. Paboumm Tenom rmgpocuctemMmbl Ha OONbLUNMHCTBE OTEYECTBEHHbIX
CaMOnEeToB rpakgaHCcKow aBmauum ABNAeTCcA aBMaLMOHHOE
rmgpasnuyeckoe macrno (rugpasnudeckas xmgkocte) AMIM-10. / Po6oynm
TiNOM rigpocncTemMmn Ha BiNbLIOCTI BITYUN3HSAHUX MiTaKiB UMBINbHOI aBiauii €
aBiauinHe rigpasniyHe macso (rigpasniyHa pignHa) AMI-10.

6. Pabota rmgpaBnuyeckonm CUCTEMbl 3aBUCUT OT CBOWCTB 3TOM
rmapasnuyeckon xuakoctun. / PoboTa rigpasBniyHoi CUCTEMU 3aneXxuTb Big,
BNaCTMBOCTEN L€l rigpaBnivyHol PianHMW.

7. Twgpaenunyeckas cuctema camoneTta npeacraBnser coboun
coveTaHue OBYX YacTen:. nepsasi 4aCTb — 3TO CeTb arperatoB-UCTOYHUKOB
OaBMneHns n BTopas — 3TO CeTb arperatoB-notpebutenen. / lNgpasnivyHa
cuctema nitaka aBnse cobow NoegHaHHA OBOX YaCcTUH: neplua vactuHa -
Le Mepexa arperaTiB-fpkepen TUCKY | gpyra - ue Mepexa arperartis-
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CMoOXnBauiB.

8. Kak npasuno, Ha COBPEMEHHbIX CaMOriéTax MUCMNoSib3yT ABE U
bonee rMapPoCUCTEMbI, OAHA U3 KOTOPbIX SIBNSIETCA OCHOBHOW, a BTOpasi —
ayénupyowen unm aBapumHon. / Ak npaBuno, Ha CyydaCcHMX IiTakax
BUKOPUCTOBYIOTb AOBi i Binblue rigpocnctemun, ogHa 3 9KMX € OCHOBHOO, a
apyra — 3anacHoto abo aBapinHOL0.

9. B kaxgon rmapocuctemMe ecTb OCHOBHbIE HACOChbI, co3gatoume
paboyee pgaBneHue. / Y KOXHIN rigpoCUCTEMi € OCHOBHI Hacocu, WO
CTBOPIOKOTb POBOUNIA TUCK.

10. INHeBMaTU4eckasi cmcteMa caMosieéta UCMonb3yeTcs Npu 3anycke
aBuratensi, nepeknageHum CTBOPOK peBepca aBuratens, ybopke wu
BbIMyCKe Laccu, ynpasneHnn nocago4vHbiM LLNTKOM, TOPMOXEHMN Konéc. /
MHeBMaTM4YHa cuctemMma nitaka BUKOPUCTOBYETLCA AN 3anycKy ABUryHa,
nepeknageHHs CTyoK peBepcy ABUryHa, NpubupaHHs i BUNYyCKaHHA Lwaci,
ynpassiHHA NOCaAKOBUM LLUMTKOM, rasibMyBaHHS KOJliC.

2) List the components of a hydraulic system.

V. loaaTKoBi NUTaHHA (3a 3MiCTOM HaB4YanbHUX BigeodinbMiB)

1. Which parts of the hydraulic system are shown in the video?
(based on the film “Parker aerospace hydraulic systems”)

2. What are the functions of these parts? If you do not know, try and
guess it.

3. Write down the names of these parts and translate them.

4. Find out the information about the functions of these parts from
the books or the internet.

5. Compare the results with your answers and make the necessary
corrections.
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CHAPTER 6
Aircraft engines

The role of aircraft engines. A modern aircraft needs a special
device to fly. This device must create reaction force, which allows the
aircraft to fly in airspace with certain adjustable speed at suitable altitude.
Such special modern aircraft devices are called engines. They are situated
on an aircraft board. It is noteworthy that these engines are traditionally
called aircraft engines to distinguish them from other technical devices
engines.

Design features of aircraft engines. A modern aircraft engine is a
quite complex device, which requires a number of other additional
systems, devices and accessories to operate efficiently. Such systems
include, for example, an engine fuel supply control system, an engine
starting system, engine operating and monitoring systems, lubricating
systems, engine fire-protection systems.

Thus, all these systems consist of their own devices, accessories,
pipelines, electric circuits etc. Among such additional devices, providing
the efficient engine operation, intake systems and exhaust arrangements
(or exhaust sections) can be named.

Together with all these devices an aircraft engine composes an
engine unit.

The engine unit weight is approximately 8-22% of the aircraft take-off
weight, depending on the aircraft purpose and performance.

The fuel for a modern aircraft engine is usually situated in fuel tanks
on board. The operation principle of an aircraft engine is that it translates
molecular fuel energy into caloric and mechanical energy. The major part
of the energy derived is used to create thrust force, the remainder powers
various aircraft systems and accessories. So, an aircraft engine is a
primary energy source of an aircraft.

Aircraft engine types

Since an aircraft engine is one of the basic aircraft constructional
units, there is a number of requirements for it to meet. An aircraft engine
must provide the necessary maneuvering and runway aircraft
performance, necessary flying range, ascensional rate and flying altitude.
It must economize fuel in a wide range of flight altitudes and speeds,
operate dependably and unalterably, and be fireproof. It must have long
operational life without requiring repair. All these complicated and
contradictory requirements lead aircraft designers to creating various
engine types which operate at different gas-dynamics (Fig. 6.1).
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Fig. 6.1. Aircraft engine types
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There are propeller engines and jet engines according to the way of
thrust force creating.

Propeller engine. A propeller engine uses its propeller (also known
as thrust producer) to create the thrust force needed for flying. Propeller
engines are divided into reciprocating engines and turbo-propeller
engines.

Almost all aircraft models are reported to have been equipped with
propeller engines at the outset of aviation development. A reciprocating
internal combustion engine had been developed for the propeller engine
drive, and it had been used successfully. It is essentially similar to
motorcar and motorcycle internal combustion engines. The difference is
that a motorcar reciprocating engine transfers energy of its torque effect
directly to traction wheels through a number of accessories. An aircraft
reciprocating engine transfers its torque effect energy to the propeller.

As the required flight speed and altitude were increasing, further
engine-propeller power plant development provided high aircraft efficiency.
So called thrust power is one of the parameters showing engine-propeller
power plant efficiency. It is the power transferred directly to an aircraft by
power-plant propeller. It is also a determinant for thrust force.

Further studying and developing of engine-propeller power plants
revealed a number of disadvantages. For example, it was found that a
propeller operates efficiently only when the Mach number equals to
0.5-0.6.

The Mach number is named after Austrian physicist and
philosopher Ernst Mach. It usually represents the ratio of aircraft speed
which is equal to the speed of sound or exceeds it. The Mach number at
which an aircraft is flying can be calculated by

M = —

Usound |,
where: M is the Mach number,
v is speed of the moving aircraft and
Vsound IS the speed of sound at the given altitude.

At an altitude below 3000 m the speed corresponding to 1 M is
approximately equal to 300-330 m/s or 1080-1100 km/h, which
corresponds to the speed of sound.

Consequently, flight can be roughly classified in three categories:

Regime | Subsonic | Sonic | Supersonic
Mach <1.0 1.0 1.0-5.0

The overwhelming majority of modern aircraft flies at the subsonic
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speed. When the aircraft flight speed is being increased, air compression
on the edges of propeller blades is reducing propeller efficiency. That is
why the thrust power could not be increased any more as early as in
1950s. It became impossible to increase the flight speed and altitude by
increasing the reciprocating engine power, as it lead to unacceptable
aircraft weight and dimensions increase. However, developing aerospace
technologies further, aircraft designers managed to use power plants
along with jet engines, as their thrust power does not reduce when the
flight speed is increased. That is how a turbo-propeller engine was
created.

Anyway, reciprocating engines are widely used nowadays on light
low-speed aircratft.

Jet engines create thrust by a direct reaction of an exhaust jet,
emitted by engine at a high speed. They fall into jet motors and
airbreathing jet engines.

Jet motors are divided into liquid-fuel jet motors and solid-fuel jet
motors according to the fuel type. Jet motors are known for their unique
properties, such as steady thrust power in a wide speed range, and
operating at high flight altitudes including airless space. Plus, their thrust
increases with the increase of the flight altitude. Such engines are notable
for their relatively simple design and the ability to create high powers in
spite of small weight and dimensions of an aircraft. That is why jet motors
are unexpendable for aircraft intended to flying in airless space.

However, jet motors have a number of substantial disadvantages.
For example, they consume a lot of fuel, they cannot control thrust on
wide ranges, and they cannot transfer energy to aircraft systems from
main engines which requires additional sources of power supply on board,
as well as fuel and oxidizing agent supplies (to keep the fuel burning in the
airless space). All these factors reduce the aircraft operating efficiency
considerably. Jet motors are not used in power plants of transport aircraft
flying within the atmosphere.

Sometimes jet motors are used on high-speed maneuvering aircraft
as additional power plants to increase the flight speed or altitude for a
short period of time. They are also used as take-off boosters for an aircraft
to operate successfully on shorter runways.

Airbreathing jet engines run on kerosene. As an oxidizing agent
they use the atmospheric oxygen. It is known that the air density
decreases on higher altitudes, and the oxygen content decreases as well.
That is why the mass-flow rate of the oxidizing agent and fuel decreases
as the aircraft gains height. Consequently, the thrust decreases as well.
Thus, an airbreathing jet engine is a sea-level engine. It operates
efficiently at the altitude of 30-50 km. On the other hand, it has a limited
flight-speed range. The maximum Mach number of an aircraft with such an
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engine depends on some design factors. It does not exceed M = 4 — 6 for
airbreathing jet engines of usual schemes and types. However, in their
prior use area these engines are much more economizing than jet motors.

Airbreathing jet engines have various designs, schemes and
operation principles. According to the way of air compressing they can be
divided into compressionless jet engines and compression jet engines.

In compressionless jet engines air is compressed only by means
of wind blast. Propulsive jet engines and pulse jet engines belong to such
engines.

In compression jet engines air is compressed mechanically by
means of axial-flow volumetric compressors (Fig. 6.2) or rotary
compressors (Fig. 6.3). These compressors are rotated by gas turbines.
Such engines are called gas-turbine engines as their major design
element is the gas turbine, which is the source of mechanical rotation
energy.

A turbojet engine is the most widespread in aviation, as it is a
foundation of the whole gas-turbine engine series.

Fig. 6.2. Axial-flow volumetric compressor

1-axial-flow volumetric compressor rotor;
blade wheels are on the axial drive shatft;
2-an aircraft engine J-85 with an axial-flow volumetric compressor.
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Fig. 6.3. Rotary compressor

1-rotary compressor blade wheel,
2-an aircraft engine BK-1 with a rotary compressor.
Gas-turbine engine types: their major design elements,
purposes and design

Aircraft gas-turbine engines are divided into turbojet engines, turbo-
propeller engines and by-pass turbojet engines.

Turbojet engine. A turbojet engine is a gas-turbine engine which
creates thrust (P is a mathematical indicator for aircraft engine thrust) by
translating caloric energy, produced by fuel-burning, into kinetic energy of
a gas flow. The reaction caused by this is used as propulsion force. The
whole turbojet engine work output goes to increasing the kinetic energy of
the test medium, accelerating the flow inside the engine, creating thrust
work. It is worth mentioning, that the turbojet engine gas turbine has
power equal to that of the compressor. In case of using gas-turbine power
to rotate a propeller (1), a fan (2) or an additional compressor in the by-
pass duct (3), a gas-turbine engine is called respectively a turbo-propeller
engine (1), a turbofan (2) or a by-pass turbojet (3). By-pass turbojets have
two thrust producers.

There is a turbojet engine scheme in Fig. 6.4, with the accessories,
on the basis of which other turbojet engine types are created:
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Fig. 6.4. Turbojet engine scheme
1-intake system; 2-axial compressor; 3-burner section; 4-turbine; 5-nozzle.

Since the turbojet engine is a basis for creating a number of other
engine types, its operation principle is also basic (Fig. 6.5).

Fig. 6.5. Turbojet engine operation scheme

The airflow is slowed down in the intake engine system (1), which
results in the pressure increase in front of the axial compressor (2). Rotor
(rotating part) comprises a number of compressor blade wheels (3). A
blade wheel is depicted in Fig. 6.5a.

Fig. 6.5a. Axial compressor blade wheel design

1-axial compressor blade wheel disc; 2-blade wheels.

80



While rotating, rotor, like a propeller, affects the airflow and makes it
move along the engine axes through the row of straightener blades (4)
(Fig. 6.5) — hard set circumferentially on the engine body. Each row of
straightener blades is situated behind the corresponding blade wheel and
forms a stator (fixed part of a compressor). The row of hard set blades,
called an outlet straightener, together with the row of working blades is
called a compressor stage. The multistage axial compressor compresses
air increasing its pressure by 10-40 times. The ratio of compressor
delivery air pressure p2 to compressor inlet pressure pl is called
compression ratio: rc= p2/pl. Compressed air then moves to the burner
section, formed by several flame tubes (7) (or an annular tube — see
Fig. 6.5b).

Fig. 6.5b. Burner section formed by an annular tube

About 25-35% of the whole airflow is directed to the flame tubes
special fuel blow pipes (5) (see Fig. 6.5. Also see Fig. 6.5¢c), where
kerosene burns. Kerosene inflows here floured through special fuel blow

pipes.
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Fig. 6.5¢c. Burner section formed by a set of flame tubes

The other part of air flows around the flame tubes outer surface
cooling them. As it leaves burner section, air blends with combustor
discharge to cool them. This keeps the gas-air mixture temperature in the
burner section within Tg = 1400 - 1900 K (Tg — is a mathematical indicator
for gases temperature calculated in Kelvins). Tg depends on permissible
heat resistance of burner section walls, rotor (8) blades (Fig. 6.5) and
turbine outlet straightener blades (9) (Fig. 6.5) The high-temperature
gas-flow with high pressure moves through the exhaust system to the
turbine work stages.

A part of gas-air mixture potential energy received by compressing
and heating air is translated by gas-turbine rotor into mechanical work of
compressor rotor, which is connected to the turbine rotor by a common
drive shaft (6) (Fig. 6.5). Moreover, a part of drive shaft (6) mechanical
power goes to engine accessories drive (fuel booster pumps, oil bumps
etc.), as well as electric power generators drive, which provide various
aircraft systems with electrical power. A part of compressed air also goes
from compressor to various aircraft systems.

The greater part of combustor discharge is used to accelerate the
gas-flow in the propelling nozzle (10) (Fig. 6.5), that is to create reaction
force.

Initial drive shaft (5) spin up is carried out by starting the engine with
the ground-based or on-board electrical unit. As the engine burns further,
drive shaft rotation is maintained by turbine rotor rotation.

When the engine is started, the fuel-air mixture in the burner section
is ignited by a special flame igniter. Further burning is maintained by
available jet of flame.

The afterburning turbojet engine (Fig. 6.6) is widely used on high-
speed combat aircratft.
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Fig. 6.6. Afterburning turbojet engine scheme

As in turbojet engine, the base of afterburning turbojet engine is a
turbo compressor (gas generator) (1), which includes a compressor, a
burner section and a turbine. Between the turbo compressor and the
nozzle (3) (usually adjustable) there is an afterburner duct (2), where the
additional fuel (kerosene) is burned. The fuel is introduced through
propulsive nozzles (4) of the afterburner duct. Flame holders (5) provide
the stable burning of oxygen-leaned fuel mixture (a part of air oxygen is
used while kerosene burning in the turbo compressor burner section).
Burning additional fuel increases thrust by 50% or more. This results in an
abrupt increase in fuel use. That is why augmentation mode is used only
to reduce the runway length while taking-off, as well as to increase the
ascensional rate or flight speed during air combats.

Turbo-propeller engine. A turbo-propeller engine is a gas-turbine
engine. It has both compressor and turbine (turbo compressor). It is fuel-
efficient. A turbo-propeller engine is used on subsonic (600-800 km/h)
aircraft (Fig. 6.7). A turbo-propeller engine is essentially a gas-turbine
engine. It creates thrust force (85-90%) by the propeller (1), rotated by
turbo compressor (3).

Fig. 6.7. Turbo-propeller engine scheme

The ratio changer (2) decreases the rotation ratio.
By-pass turbojet. Further aircraft fuel efficiency increase results
from by-pass turbojets usage(Fig. 6.8), where surplus power of turbo
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compressor turbine (2) is transferred to an additional low-pressure
compressor (1) of so called secondary engine duct.

l,_‘{ 007 Jrrra
00 ¢ § Hiam by

Fig. 6.8. A by-pass turbojet scheme

An airflow inflows into the by-pass turbojet, where it is compressed
(1), and a part of the flow (3) moves through the turbo compressor (2),
where the operating process is similar to that of turbojet engine.

Another (cold) part of the airflow (4) moves through the secondary
low-pressure duct and blends with the hot flow (3) when leaving the duct.

The design of a by-pass turbojet is more complex, which results in
its high economic feasibility and good operational characteristics.

By-pass turbojets with reheat are used on maneuvering multimode
supersonic aircraft (usually in the secondary duct).

The basic parameters of any engine are the following:

- engine mass m, and dimensions;

- engine take-off thrust Pg;

- altitude-speed performance;

- engine service life.

To get the necessary thrust, a pilot must select the corresponding
power plant mode. The pilot controls the engine operation mode using a
forward thrust lever, which regulates fuel consumption (decelerates).

Purpose and design features of gas-turbine engine additional
devices
Engine intake system. To feed the necessary amount of air to the
engine, intakes are used (Fig. 6.9). Intakes slow down the airflow,
increasing its pressurebefore it moves to the compressor.

1

Fig. 6.9. Aircraft intakes
1-fixed geometry intake; 2-aircraft with variable geometry intakes.
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On subsonic and sonic aircraft fixed geometry intakes are used.
They do not have any moving elements.

On supersonic aircraft variable geometry intakes are used. They
have moving parts and elements which affect the airflow and adjusts its
feed to the compressor. Using variable geometry intakes on supersonic
aircraft results in complexity of the intake system design, its high mass
and cost, but it makes engine operation more stable and economically
feasible on a wide speed- and altitude-range.

Engine exhaust arrangement. The engine intakes and nozzles are
adjusted at the same time (Fig. 6.10). Depending on the flight mode, the
aircraft engine electronics adjusts the nozzle automatically, providing the
necessary aircraft performance (e.g. speed, weight-lift ability, maximum
flight altitude) by adjusting engine thrust.

Fig. 6.10 Jet nozzle

In some cases reverses (Fig. 6.11) are added to the fixed geometry
engine nozzles of transport aircraft, to adjust the thrust vector. Their
operation principle makes it possible to deflect the exhaust jet forwards,
which shortens the landing distance considerably.

Fig. 6.11 Reverse operation
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On supersonic maneuvering aircraft flat and circular nozzles
(Fig. 6.12) are also used. They make it possible to adjust the thrust vector
in any direction to improve the aircraft maneuvering performance.

Fig. 6.12 Aircraft nozzles

1-flat nozzles of F-22; 2-circular nozzles of F-35

Aircraft gas-turbine engines are extremely widespread in aviation
due to their economic feasibility, long-term service life, steady long-term
operation, and relatively small unit weight. Aircraft gas-turbine engines are
wide-range engines, meant for subsonic and supersonic flights. They form
a core of nearly whole modern transport aircraft engine-building. It is
successful aircraft gas-turbine engines development and the high level of
their technical perfection that technical-economic developments of modern
civil aviation result from.
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Vocabulary notes

Ne [English Ukrainian Russian
1 [@erospace aBiakocMiyHa aBnakocMmyeckas
engineering TEeXHiKa TEXHMKa
2 aviation aBiaLis aBuauusa
3  |accessory; aggregate jarperar arperar
. - Oe3Bo3ayLHoe
: 6e3noBITPAHUN
4 |airless space Co T . Kocmuyeckoe
KOCMIYHMIA NPOCTIp
NPOCTPaHCTBO
compressionless jet  [0e3koMnNpPecopHUn |[GeCKOMMNPECCOPHbIN
5 :
engine MPa BP
6 |board bopT oopT
aircraft-based
7  |system; aircraft OopToBi cMctemn  [DOPTOBbLIE CUCTEMbI
system
8 [shaft Bas Barsl
traction wheels;
9 driven wheels; entry  Tarosi koneca BeayLme Kosneca
wheels
10 [thrust vector BEKTOpP TAru BEKTOP TAMM
11 |helicopter BepTOniT BepToner
ross weight; take-off , .
12 9o 9 3niTHa maca J1A B3n€THasi macca J1A
weight
3MiTHO-NOcCagKoBa [B3NETHO-NocaagoYHas
13 frunway
cmyra (3l1C) nonoca (BI1IT)
14 field performance; 3MiTHO-NOCAAKOBI  |B3NETHO-NOCAaA04YHbIe
runway performance [xapakTepuUCTUKU  XapaKTePUCTUKN
15 |propeller engine rBUHTOBUM OBUTYH [BUHTOBOW ABUraTesrib
16 engine-propeller rBUHTOMOTOPHA BUHTOMOTOpPHas
combination rpyna rpynna
17 engine-propeller rBUHTOMOTOpPHA BUHTOMOTOpPHas

power plant

CuUJ10Ba YCTaHOBKa

cunoBad yCtaHOBKa
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Ne [English Ukrainian Russian
30BHILUHIA KOHTYP  |BHELUHWUW KOHTYP
18 |[secondary duct (ABOKOHTYPHOro (ABYXKOHTYPHOIO
ABUryHa) asuratens)
BHYTPILLHIN KOHTYP BHYTPEHHUN KOHTYP
19 |main duct (ABOKOHTYpPHOro (ABYXKOHTYPHOIO
ABUryHa) asuratens)
20 |intake NOBITPO3abipHMK  [BO3QYyX03abOPHUK
airbreathing jet nOBiTpHHO'V BO3YLLUHO-PEaKTUBHbIN
21 peakTUBHUN

engine

nsuryH (MPAO)

nsuratens (BPL)

22

propeller; windmill

NOBITPAHUN BUHT

BO34YLUHbI N BUHT

23

intake system; inlet;
air inlet duct; intake

BXIOAHUN MPUCTPIN

BXOAHOE yCTpOIZCTBO

BUTYHa BUraTens
. BUCOTHO-
altitude-speed o BbICOTHO-CKOPOCTHbIE
24 LWIBMAKICHI
performances XapaKkTepPUCTUKN
XapaKTepUCTUKN
25 [altitude engine BUCOTHUW OBUTYH  BbICOTHbIV ABUraTenb

BUXJTOMHI

BbIXINOMHbIE

26 |exhaust arrangement - .
NPUCTPOI ABUryHa |yCTPOWCTBa ABuraTens
27 (gas turbine rasoea TypbuHa rasoeasi TypbuHa
28 |gas-dynamic razoanHamika rasogMHamuka
29 lgas-turbine engine rasoTypbuHHMIM ra3oTypOUHHbIN

nsuryH (I'MO)

nsuratens (M'MO)

30 [(civil aviation LUMBiNbHAa aBiauia  [rpakgaHckas aBnauus
31 flying range AarbHicTe AanbHOCTbL noreta
NonboTY
32 |engine NBUrYH aBuratenb
33 internal combustion gsmTryli-imeoro npuratenb BHyTPEHHEro
engine (ICE) yTp cropaHus (OBC)

3ropsiHHs ([B3)
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Ne [English Ukrainian Russian

34 thrust producer PYLUIN OBWXUTEND

35 |propulsion force pyLlinHa cuna ABWXYyLLas cuna
subsonic speed,; 103BYyKOBa

36 : ; ) [03BYyKOBasi CKOPOCTb
subsonic velocity LUBUAOKICTb
decelerate; throttle

37 apocentosaTu apoccenupoBartb

down

flame tubes:; fire

38 fubes pPKapoBi Tpyou KapoBble TpyObl
PIAMHHMM PKUOKOCTHbIN paKeTHbIN

39 [liquid-fuel jet motor pakeTHUM OBUTYH neuratens (KPI)
(PPL)

I 3ananbHUK -

40 [flame igniter . 3ananbHoe YyCTPOUCTBO
NpUCTpPIN

A1 frue airspeed ICTUHHA WBWAKICTb MCTUHHASA CKOPOCTb B

y NoTOL

NOTOKe

42

burner can; burner
section; combustor
chamber

Kamepa 3ropsiHHS

Kamepa cropaHus

43 |kerosene (JP8 fuel) |kepocuH KepPOCUH
14 axial-flow volumetric  komnpecop KOMMNpeccop 0CEBOro
compressor OCbOBOIO TUNY TMna
KomMnpecop
) KoMnpeccop
45 |rotary compressor BIQLEHTPOBOIo
LEeHTPOOEXHOro TMna
Tmny
compression jet y
SN KOMNPEeCOPHUN y
46 |engine; air-injection nPo komnpeccopHbin BPL,
jet engine
: : KOHCTPYKTUBHUI y
47 |constructional unit Py KOHCTPYKTUBHbIN Y3€en
BY30/
48 ducting; duct KOHTYp (OBUryHa) |[KOHTYp (aBuratens)
49 torque effect KPYTHUA MOMEHT  [KPYTALUUWA MOMEHT
50 [aircraft nitTanbHWUW anapaT [neTaTernbHbIn
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(JIA)

annapart (J1A)

o1

aircraft performance

NMbOTHO-TEXHIYHI
XapaKTepUCTUKN
J1A

NETHO-TEXHNYECKME
xapaktepucTtunkm J1A

drag surface; blade

52 nonari rBUHTa nonacTtu BUHTa
of an oar

53 |manoeuvring ability  |MaHeBpeHICTb MaHEBPEHHOCTb

54 maneuvering MaHeBpPEHI MaHEBPEHHbIE
performance XapaKTEPUCTUKN  XapaKTEPUCTUKM

55

cruising engine; main
engine

MapLUOBUW OBUTYH

MapLleBon aBuratesib

56

lubrication pump; oil
pump

MacnsaHUM Hacoc

MacrsiHbIN HacocC

o7

mechanical energy;
mechanical power

MeXaHi4YHa eHepriqa

MexaHu4yeckas
aHeprus

. HEBUCOTHUN HEBbLICOTHbIN
58 |sea-level engine
OBUrYH aBuratesnb
. . HeperynboBaHi Heperynmpyemsble
59 [fixed geometry intake Pery : perynvpy
NOBITPO3abIpHUKN  |BO3AYX03a60PHUKN
oxidizing material;
60 e oKucrnoBad OKUCINUTEnb
oxidising agent
NnopLUHEBUM NOpLUHEBOM

61

reciprocating engine

asuryH (MA4)

neuratens (M4)

62

propulsive jet engine

npamoToyHun NP4
(MBPL)

NPAMOTOYHbIN
BPA (MBPO)

63

pulse jet engine

nynecytoumn MNP
(MynpPa)

NyNbCUPYOLLNNA
BPL (MyBPL)

64 |burning poboTa (oBuryHa) [pabota (gBurartens)
poboye koneco pabouyee koneco

65 |plade wheel (TypbuHn, (Typ6buHbI,
KomMrnpecopa) Komnpeccopa)

66 [solid-fuel jet motors PaKETHI ABUI'YHN  [pakeTHble ABUraTenm

TBepaoro nasnunea

TBEPAOro
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(POT)

Tonnuea (POTT)

rocket; jet-motor; jet

pakeTHUM OBUTYH

paKeTHbIN

67 motor (PL) nsuratens (PL)

68 |et flame; jet blast PeaKTUBHIM peakTuBHaga CTpys
CTPYMiHb

69 |reaction force peakTuBHa TAara peakTMBHagda Tara

70

jet pipe; propelling
nozzle

peakTnBHe corso

peakTnBHoe Ccorno

71

jet thruster; jet engine

peakTUBHUN
ABUrYH

peaKkTUBHbLIN
asuratenb

72

thrust management;
thrust control

peryntoBaHHA TArn

perynmnpoBaHuUe TAru

73

variable intake;
variable geometry
intake

peryrboBaHi
NoBiTPO3abipHMKN

perynmnpyemMblie
BO3ﬂ,yXO3860pHI/IKI/I

74 lengine endurance pecypc ABuUryHa pecypc asuratens
75 (operational life pecypc poboTtu pecypc paboThbl
76 |rotor poTOop poTOop

throttle control lever; Bavkerns pblyar yripaBneHus
77 KepyBaHHA

forward thrust lever

nsuryHom (BKL)

neurartenem (PY)

78 jairplane niTak camorseTt
: Ha43BYyKOBa CBEPX3BYKOBas

79 supersonic speed A3BY pPX3BYy

LUBUAOKICTb CKOPOCTb

80

air compressibility

CTUCKYBaHICTb
NnoBITpS

C>KMMaeMOCTb BO3yXa

81

engine unit; power-
unit

ChJ1oOBa yCTaHOBKa

CcunJioBad yCTaHOBKa

fuel feed system; fuel

cucTemMa nogaHHs

cYcTeMa noaauu

82 |pumping system; fuel
nanvea Tonnmea
supply system
. LUBMOKONIAWOMHIC .
83 |ascensional rate CKOPONMOABLEMHOCTb

Tb
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CTBOPEHHS

co3gaHmne obpartHon

84 [reversal 3BOPOTHOI TArM
TArn (pesepc)
(peBepc)
blast pipe; choke
85 ] PIp . conno conno
tube; exhaust section
86 |nozzle assembly COMMOBMI anapaT |[connoBoW annapar
87 straightener blade; cnpaAMOoBYyo4a cnpamnsaoLwas
guide vane nonaTka nonaTka
, CNPSIMOBYHOYUIA CNPAMIISIOLLMIA
88 |outlet straightener P y P W
anapart annapat
89 flame holder; flame  |cTtabinizaTtop cTrabunmnsartop
stabilisator nonym’s nnameHu
90 [start unit; starter cTapTep cTapTep
91 boost for launching; CTapToBa TdAra cTapToBad TAra
takeoff thrust
. CTapToBUN o
92 [take-off booster; jato P CTapTOBbIN YCKOPUTENDb
npuckoproBay
93 |stator cTaTop cTaTop
94 compression ratio; CTYMiHb CTENEHb NOBbLILEHUS
engine pressure ratio [NigBULLEHHA TUCKY |[0aBrieHUs
95 [turbine stage Lwabeni TypOiHK CTYNeHn TypOUuHbI
wabenb
96 |compressor stage CTyneHb Komnpeccopa
Komrnpecopa
97 |solid-grain TBEPAONanMBHUM  [TBEPLOTOMSIUBHLIN
caloric energy; :
98 TEnsioBa eHepria  [TenfoBas aHeprus
thermal power
99 reservoir; tank nanvBHUn Bak TONNUBHLIN 6aK
fuel pump; propellant y y
100 pump; prop nanvMBHUM HACOC  TOMJIMBHbIXN HAcocC
pump
101 fuel nanneo TONSINBO
_ nanmBo- TONANBO
102 fuel priming pump ) y y
nigkayyBanbHUA  [NoAKa4YMBatoLLNIA
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Hacoc Hacoc
103 fuel-air mix NanuBomnoBITPSHa  TONNMBOBO3AYLLHAS
cymiwl CMecCb
104 |pipeline Tpybonposia Tpybonposos,
fan engine; fan jet, TYpOOBEHTUNATOP- TYPOOBEHTUNATOPHDLIN
105 fan-type engine; Hzlrl;l BUTYH P )IIBFI)/IFaTeJ'Ib P
propfan; turbofan Asury A
jet-prop engine; y -
106 {urbo-propeller  YPOOTEMHTORMI  [ypBoBuToBon
engine ABITY A
turbo compressor;
107 gas producer; gas Typbokomnpecop [Typbokomnpeccop
generator
Typ60peaKTl./'BH' TypbopeakTBHbIE
by-pass turbojet with FABOKOHTYPHI NBYXKOHTYPHbIE
108 OBUTYHU 3
reheat hOpCaKeM asuratenu c
(TPOA®) dpopcaxem (TPOOD)
: : TypbopeakTmeHmuin  TypbopeakTUBHbIN
109 turbojet engine (TJE) neuryH (TPI) neuratens (TPI)
TYPOOpEaKTUBHMI TypbopeakTUBHbIN
afterburning turbojet |[oBUryH 3 ypoop
L . Asuratens C
110 |engine; turbojet doopCcakHOH y y
: : doopcaxkHOW Kamepom
engine with reheat Kamepoto cropanusi (TPOD)
sropsiHHs (TPOO) P
bypass turbojet; by-  TypbopeaktuBHuin TypbOpeaKkTUBHbLIN
111 |pass engine; by-pass [OBOKOHTYPHUM NBYXKOHTYPHbIN
turbo-jet nsuryH (TPOO) nsuratens (TPOLO)
112 thrust Tdara TAra
motive power; thrust .
113 h TAroBa NOTYXHICTb [TAroBas MOLLHOCTb
orsepower
114 IbGljsok: flame; flame dpaken nonym’q dpaken nnameHu
115 afterbu.rnerduct; dpopcaxkHa hOpCaXHas Kamepa
reheat; augmentor Kamepa
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augmentation;

116 boosting; forcing doopcyBaHHSA doopcupoBaHue
propulsive nozzle;
117 |blow pipe; doopcyHKa doopcyHKa

discharging jet

molecular energy;

118 . XiMiYHa eHepris XUMUYecKasa aHeprus
chemical energy

119 mach; Mach number |4ncno Maxa 4yncno Maxa

120 electric circuit erIeKTPUYHe Koo  [areKkTpuyeckas uenb

121 |electrical truck enekTpoarperar anekTpoarperar
generator set eriekTporeHeparo

122 . areKkTporeHepaTop
electrical generator p

123 power supply EHEpProXXmBIieHHA  [QHepronuTaHne
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BnpaBu oo tekcty 6
|. BnpaBu Ha nepeBipKy 3HaHb JIEKCUYHOro Martepiany

1) Give the definitions to the following words:

a) Engine;

b) Engine unit;

c) Mach number;

d) Supersonic aircraft;
e) Intake system.

2) Fill in the gaps with appropriate words (each word can be used
only once):

Density Subsonic Thrust Reverses
Intakes Propeller Fuel-burning Nozzles
Supersonic Stator Airflow Augmentation

1. A propeller engine uses its (also known as thrust
producer) to create the thrust force needed for flying.

2. Jet engines create by a direct reaction of an exhaust jet,
emitted by engine at a high speed.

3. It is known that the air decreases on higher altitudes,

and the oxygen content decreases as well.

4. A turbojet engine is a gas-turbine engine which creates thrust
by translating caloric energy, produced by |, into kinetic energy of a
gas flow.

5. Each row of straightener blades is situated behind the
corresponding blade wheel and formsa .

6. Aturbo-propeller engine is used on ___ aircratft.

7. To feed the necessary amount of air to the engine, __ are
used.

8. Intakes slow down the |, increasing its pressure before it
moves to the compressor.

9. On ___ aircraft variable geometry intakes are used.

10. In some cases are added to the fixed geometry engine

nozzles of transport aircraft, to adjust the thrust vector.
|l. BnpaBu Ha nepeBipKY 3HaHb JIEKCUKU | pO3yMiIHHA BUBYEHOrO
1) Choose the right statement, put true (T) or false (F):

1. Aturbojet engine is the most widespread in aviation.
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2. Jet motors consume little fuel.
3. Sometimes jet motors are used as additional power plants.
4. Jet engines are divided into liquid-fuel engines and solid-fuel

engines.

5. The overwhelming majority of modern aircraft flies at the subsonic

speed.

6. An aircraft reciprocating engine transfers its torque effect energy

to the propeller.

7. Reciprocating engines are not used nowadays.

8. Jet engines create thrust by a direct reaction of an exhaust jet,
emitted by engine at a high speed.
9. Jet motors are used in power plants of transport aircraft flying

within the atmosphere.

10. Sometimes jet motors are used as take-off boosters.

2) Name the engine type. Match the engine parts with their names:

1.
Low-pressure rotor drive Fan Burner section
shaft
High-pressure turbine Nozzle High-pressure
compressor
High-pressure rotor Low-pressure Low-pressure
drive shaft compressor turbine

2.
Compression Air inlet Burner sections
Combustion Intake Exhaust
Turbine Hot section Cold section
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3.
Exhaust Burner section Compressor
Propeller Turbine Transmission
Drive shaft

lll. BnpaBun Ha nepeBipKy 3HaHb NEKCUKWN i PO3yMiHHSI BUBYEHOroO
MaTtepiany Ha 6ifibLl BUCOKOMY pPiBHi

1) Translate from Russian/Ukrainian into English:
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1. Ha HayanbHOM Q3Tane pasBuTUS aBuauun MNoYTU BCe Moenwu
nertaTtenbHbIX annapaTtosB 6bINn OCHaLeHbl BUHTOBLIMKU ABuratenamn. / Ha
no4yaTtkoBOMY e€Tani pO3BUTKY aBiauii Mawmke BCi Mogeni niTanbHUX
anaparis Oyno ocHalleHO rBUHTOBMMUW ABUTYHAMW.

2. OgHMM K13  OCHOBHbIX MapaMeTpoB, XapaKTepU3YHLLNX
9 PEKTUBHOCTb BUHTOMOTOPHOM CUNOBOM ycTaHOBKM C [, aBnaeTrca tak
HasblBaemasi TsaroBass MOLLHOCTb. / OgHMM 3 OCHOBHUMX MapamMeTpiB, LWO
XapakTepusyoTb e(PeKkTUBHICTb rBUHTOMOTOPHOI CUNOBOI YCTaHOBKM i3 1/,
€ TaK 3BaHa TSAroBa NoOTYXHICTb.

3. JanbHenwee n3y4yeHne 1 ycoBepLIeHCTBOBAHNE BMHTOMOTOPHbIX
cunoBbiX ycTtaHoBok c [ BbisiBUNO psag HepoctatkoB. / [Moganblue
BUBYEHHA W YOOCKOHAIIEHHA MBUHTOMOTOPHUX CUMNOBUX ycTaHOBOK i3 [1[
BUSABUIIO pAL HEOONMIKIB.

4. OBbl4HO B ymucnax Maxa n3mepsitoT CKOpOCTb MnosfieTa camorieTta
paBHYIO UM NpPeBbILIAKOLLY0 CKOPOCTL 3BYKa. / 3a3Buyan y ymcnax Maxa
BUMIPIOIOTb LWBUAKICTb MNOSMbOTY fiTaka, WO AopiBHOE abo nepesullye
LUBUOKICTb 3BYKY.

5. PeakTBHble gBuratenu co3gatoT TAry 3a CYET MpsiMov peakuum
CTPyM BbIXIOMHbIX A30B, BbIpbIBALWNXCA C 60MbLIOA CKOPOCTbIO U3
apuratens. / PeakTvBHI OBUNyHUW CTBOPIOKOTH TArYy 3a paxyHOK MPSAMOIl
peakuil CTPYMEHIO BUXIMOMHUX rasiB, WO BUPUBAKOTLCA i3 BENUKOK
LUBMOKICTb 3 ABUryHA.

6. BecoBon pacxoq OKMCNUTENS M roprodero no mepe yBenuyeHus
BbICOTbI MofeTa fnetarenbHOro annapara ymeHblaetcs. / Barosi Butpartu
oKucCrnoBaya Ta nanueBa i3 Habopom BMCOTM niTanbHOro anapara
3MEHLLYITbCS.

7. OMpdeKkTnBHOCTL paboTbl BO3AYLWHO-PEAKTUBHOIO ABUraTesns
orpaHmyeHa BbicoTon noneta B 30-50 km. / EdekTmBHiICTb poboTH
NOBITPSAHO-PEaKTUBHOIO ABUryHa obmexeHa BUCoTor NonboTty y 30-50 Km.

8. MoLHOCTb ra3oBom TypbuHbl TypbopeakTUBHOIrO ABurarternsi pasHa
MOLLIHOCTU KomMmnpeccopa. / [MOTYyXHiCTb rasoBol TYyp6iHn
TypbopeakTMBHOro ABUryHa OOPIBHIOE NOTYXHOCTI KOMNpecopa.

9. loTok BO34yxa, nonagawoLwero B ABuraterib, TOPMO3UTCA BO
BXOLQHOM YCTPOMCTBE, B pea3ynbrarte 4Yero AasfieHve Bo3gyxa nepen
OCeBbIM KOMMpeccopom nosbiwaetcs. / [oTiK noBiTps, WO noTpannse B
OBUTYH, TOPMO3WUTBLCA Yy BXiAHOMY MPUCTPOI, B pesynbTaTti 4Yoro TUCK
NnoBITPA Nepesn 0CbOBMM KOMMPECOPOM NiaBULLYETHCS.

10. Ctabunusatopbl nfiameHn obecneymBalroT YCTONYMBOE roOpeHue
obegHeHHOM Kucrnopogom TonnmBHoM cmecu. / Crtabinizatopu nonym’s
3abe3nevyloTb CTillke ropiHHA 36igHEHOT KUCHEM NanuBHOI CyMiLLi.
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2) Add the missing engine types:
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V. loaaTKoBi NUTaHHA (3a 3MiCcTOM HaB4YanbHUX BigeodinbMiB)

1. Describe the operation of the airbreathing jet engine. (based on
the film “Airbreathing jet engine”)

2. Describe the operation of the gas-turbine engine. (based on the
film “Gas-turbine engine”)

3. Describe the operation of the internal combustion engine. (based
on the film “Internal combustion engine”)

4. Describe the operation of the turbopropeller engine. (based on the
film “Turbopropeller engine”)

5. What is the Mach number? What is it used for? (based on the film
“Mach numbers”)
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CHAPTER 7
Cockpit

Cockpit interior. A cockpit or flight deck is the area, usually near the
front of an aircraft, from which a pilot controls the aircraft. Most modern
cockpits are enclosed, except on some small aircraft.

The cockpit of an aircraft contains flight instruments on an
instrument panel, and the controls that enable the pilot to fly the aircraft. In
most airliners, a door separates the cockpit from the passenger
compartment.

In the modern electronic cockpit, the electronic flight
instruments usually regarded as essential, which are MCP, PFD, ND,
EICAS, FMS/CDU, and back-up instruments.

MCP. Amode control panel, usually a long narrow panel located
centrally in front of the pilot, may be used to control heading, speed,
altitude, vertical speed, vertical navigation and lateral navigation. It may
also be used to engage or disengage both the autopilot and the
autothrottle. The panel as an area is usually referred to as the "glareshield
panel".

PFD. The primary flight display is usually located in a prominent
position, either centrally or on either side of the cockpit. It will in most
cases include a digitized presentation of the attitude indicator, air speed
and altitude indicators (usually as a tape display) and the vertical speed
indicator

ND. A navigation display, which may be adjacent to the PFD, shows
the current route and information on the next waypoint, current wind speed
and wind direction. It may be pilot selectable to swap with the PFD.

EICAS/ECAM. The Engine Indication and Crew Alerting System
(used for Boeing) or Electronic Centralized Aircraft Monitor (for Airbus) will
allow the pilot to monitor the following information: values for N1, N2 and
N3, fuel temperature, fuel flow, the electrical system, cockpit or cabin
temperature and pressure, control surfaces and so on. The pilot may
select display of information by means of button press.

FMS. The flight management system may be used by the pilot to
enter and check for the following information: flight plan, speed control,
navigation control, and so on.

Back-up instruments. In a less prominent part of the cockpit, in
case of failure of the other instruments, there will be a battery-
powered integrated standby instrument system along with a magnetic
compass, showing essential flight information such as speed, altitude,
attitude and heading.

Aircraft flight controls

A conventional fixed-wing aircraft flight control system consists
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of flight control surfaces, the respective cockpit controls, connecting
linkages, and the necessary operating mechanisms to control an aircraft's
direction in flight. Aircraft engine controls are also considered as flight
controls as they change speed.

Primary controls. Generally, the primary cockpit flight controls are
arranged as follows:

- acontrol yoke governs the aircraft's roll and pitch by moving
the ailerons when turned or deflected left and right, and moves
the elevators when moved backwards or forwards;

- rudder pedals are used to control yaw, which moves the rudder; left
foot forward will move the rudder left for instance;

- throttle controls are used to control engine speed or thrust for
powered aircraft.

Secondary controls. In addition to the primary flight controls for roll,
pitch, and yaw, there are often secondary controls available to give the
pilot finer control over flight or to ease the workload. The most commonly
available control is a wheel or other device to control elevator trim, so that
the pilot does not have to maintain constant backward or forward pressure
to hold a specific pitch attitude. Many aircraft have wing flaps, controlled
by a switch or a mechanical lever or in some cases are fully automatic by
computer control, which alter the shape of the wing for improved control at
the slower speeds used for takeoff and landing. Other secondary flight
control systems may be available, including slats, spoilers, air
brakes and variable-sweep wings.

Basic flight instruments

Flight instruments are the instruments in the cockpit of an aircraft
that provide the pilot with information about the flight situation of that
aircraft, such as altitude, speed and direction. The flight instruments are of
particular use in conditions of poor visibility, such as in clouds, when such
information is not available from visual reference outside the aircraft.

Most regulated aircraft have these flight instruments:

Altimeter. The altimeter shows the aircraft's altitude above sea-level
by measuring the difference between the pressure in a stack
of aner0|d capsules inside the altimeter and the atmospheric pressure

B obtained through the static system. It is adjustable for local
barometric pressure which must be set correctly to obtain
RS accurate altitude readings. As the aircraft ascends, the capsules
expand and the static pressure drops, causing the altimeter to indicate a
higher altitude. The opposite effect occurs when descending. With the
advancement in aviation and increased altitude ceiling the altimeter dial
had to be altered for use both at higher and lower altitudes. Hence when
the needles were indicating lower altitudes i.e. the first 360 degree
operation of the pointers was delineated by the appearance of a small
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window with oblique lines warning the pilot that he is nearer to the ground.
This modification was introduced in the early sixties after the recurrence of
air accidents caused by the confusion in the pilot's mind. At higher
altitudes the window will disappear.

Attitude indicator. The attitude indicator (also known as an artificial

horizon) shows the aircraft's relation to the horizon. From this the
pilot can tell whether the wings are level and if the aircraft nose is
pointing above or below the horizon. This is a primary instrument
for instrument flight and is also useful in conditions of poor
visibility. Pilots are trained to use other instruments in combination should
this instrument or its power fail.
Airspeed indicator. The airspeed indicator shows the aircraft's
B, speed (usually in knots ) relative to the surrounding air. It works
by measuring the ram-air pressure in the aircraft's Pitot tube. The
indicated airspeed must be corrected for air density (which varies
with altitude, temperature and humidity) in order to obtain the true
airspeed, and for wind conditions in order to obtain the speed over the
ground.

Magnetic compass. The compass shows the aircraft's heading

relative to magnetic north. While reliable in steady level flight it

e can give confusing indications when turning, climbing,

descending, or accelerating due to the inclination of the Earth's

magnetic field. For this reason, the heading indicator is also used

for aircraft operation. For purposes of navigation it may be necessary to

correct the direction indicated (which points to a magnetic pole) in order to

obtain direction of true north or south (which points to the Earth's axis of
rotation).

Heading indicator. The heading indicator (also known as the
directional gyro, or DG; sometimes also called the gyrocompass, though
usually not in aviation applications) displays the aircraft's heading
with respect to magnetic north. Principle of operation is a spinning
gyroscope, and is therefore subject to drift errors (called
precession) which must be periodically corrected by calibrating the
instrument to the magnetic compass. In many advanced aircraft (including
almost all jet aircraft), the heading indicator is replaced by a horizontal
situation indicator (HSI) which provides the same heading information, but
also assists with navigation.

Vertical speed indicator. The VSI (also sometimes called
» a variometer, or rate of climb indicator) senses changing air
pressure, and displays that information to the pilot as a rate of
climb or descent in feet per minute, meters per second or knots.

Course deviation indicator. The CDI is an avionics instrument
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used in aircraft navigation to determine an aircraft's lateral position in
relation to a track, which can be provided by a VOR or an instrument
landing system (ILS).

Radio magnetic indicator. An RMI is generally coupled to
an automatic direction finder (ADF), which provides bearing for a
tuned non-directional beacon (NDB). While simple ADF displays
may have only one needle, a typical RMI has two, coupled to
different ADF receivers, allowing for position fixing using one
instrument.

Communication equipment. In aviation, ACARS (ARINC
Communications  Addressing and Reporting System) is a
digital datalink system for transmission of short messages between aircraft
and ground stations via airband radio or satellite.

ACARS as a term refers to the complete air and ground system,
consisting of equipment on board, equipment on the ground, and a service
provider.

On-board ACARS equipment consists of end systems with a router,

which routes messages through the air-ground subnetwork.
Ground equipment is made up of a network of radio transceivers managed
by a central site computer called AFEPS (Arinc Front End Processor
System), which handles and routes messages. Generally, ground ACARS
units are either government agencies such as the Federal Aviation
Administration, an airline operations headquarters, or, for small airlines or
general aviation, a third-party subscription service. Usually government
agencies are responsible for clearances, while airline operations handle
gate assignments, maintenance, and passenger needs.

The ACARS equipment on the aircraft is linked to that on the ground
by the datalink service provider. Because the ACARS network is modeled
after the point-to-point telex network, all messages come to a central
processing location to be routed. ARINC and SITA are the two primary
service providers, with smaller operations from others in some areas.
Some areas have multiple service providers.

Flight crew. Flight crew are personnel who operate an aircraft while
in flight. The composition of a flight's crew depends on the type of aircraft,
plus the duration and purpose of the flight.

Some flight crew position names were originally derived from
nautical terms, and also indicated a rank, or command structure similar to
that on an ocean-going vessel, quickly allowing for executive decision
making during normal operations or emergency situations. Historical flight
deck positions include:

- Captain, the pilot designated as the Pilot-In-Command (PIC), and
the highest ranking member or members of a flight crew;
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- First Officer (FO, also called a co-pilot), another pilot who is not the
pilot-in-command, and is normally seated to the right of the captain;

- Second Officer (SO), a person lower in rank to the First Officer, and
who typically performs selected duties and also acts as a relief pilot;

- Third Officer (TO), a person lower in rank to a Second Officer, and
who typically performs selected duties and can also act as a relief pilot;

- 'Relief Crew' members in the present day are fully licensed and
trained Captains and First Officers who accompany long-haul airline
flights, and who relieve the primary pilots during designated portions of the
flight to provide them with rest or sleep breaks. The number of relief crew
members assigned to a flight depends in part on the length of the flight
and the official air regulations the airline operates under;

- Flight Engineer (FE), a position originally called an 'Air Mechanic'.
The Flight Engineer's position is commonly staffed as a Second Officer.

Materials and components. Aircraft covering

Aircraft fabric covering is a term used for both the material used
and the process of covering aircraft open structures. The purposes of the
fabric covering of an aircraft are:

- to provide a light airproof skin for lifting and control surfaces;

- to provide structural strength to otherwise weak structures;

- to cover other non-lifting parts of an aircraft to reduce drag,
sometimes forming a fairing;

- to protect the structure from the elements.
With the development of modern synthetic materials following World War
I, cotton fabrics were replaced in civil aircraft applications by Polyethylene
terephthalate, known by the trade-name Dacron or Ceconite. This new
fabric could be glued to the airframe instead of sewn and then heat-shrunk
to fit. Grade A cotton would typically last six to seven years when the
aircraft was stored outside, whereas Ceconite, which does not rot like
cotton, can last over 20 years.
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Vocabulary notes

Ne | English Ukrainian Russian
1 | aircraft covering | obwmnBKa nitaka oOLmBKa caMmonéTta
2 | airspeed indicator | NOKaX4uK LLUBUOKOCTI yKasaTesib CKOPOCTH
3 : BUCOTOMIp
altimeter BbICOTOMEP (ansTUmeTp)
(ansTMMmeTp)
4 , OTMETKa HaJ ypOBHEM
: BMCOTa Haf piBHEM _
altitude MODS] MOPS; BbICOTa Haf, YPOBHEM
P MOops
5 | attitude indicator | aBiaropn3oHT aBMaropu3oHT
6 | autothrottle aBTOMart TArun aBTOMart TArun
7 | cockpit KabiHa ekinaxy KabuHa aKMnaxka
8 | communication \
: obnagHaHHSA 3B'A3KY obopyaoBaHue CBs3M
equipment
9 | course deviation | NOKaXX4UK BIAXUITEHHA | UHOMKATOP OTKIOHEHUS
indicator Kypcy Kypca
10 | flight crew NbOTHUI eKinax NETHbIN AKUNaX
11 | flight obuncnoBanbHa
BblYMCNUTESNbHAsA cucTema
management cuctema CaMONETOBOKACHNS
system (FMS) NiTakoBOAIHHSA
12 | heading indicator | BKasiBHUK Kypcy yKasaTesnb Kypca
13 | mode control NyNbT KepyBaHHS NynNeT yrnpasrneHns
panel (MCP) pexnmamu nitaka pexMmamn caMmonéeTa
14 | navigation display VR y y y
(ND) HaBirauinHUn gucnnen | HaBUrauMOHHbIN JUcnnen
15 | pitch TaHrax TaHrax
16 | . aT4ymK(ceHco
pitot tube A ( . P) AaTyYMK CKOPOCTU
LLIBMAKOCTI
17 | primary flight , OCHOBHOM MUSTOTaXHbIN
: aBiaropu3oHT g
display (PFD) ancnnen
18 | radio magnetic pagioMarHiTHUIN paguoMarHUTHbIN
indicator BKa3iBHUK yKasarernb
19 |roll KpeH KpeH
20 | rudder pedals negani obepTaHHs negany noBopora
21 . occerlb; pblyar
throttle; throttle Apocenb; BaxXinb AP P
ynpaBneHusa gBuratenem
control KepyBaHHSA OBUTYHOM
(PY0)
22 | vertical speed BapiomeT BapuoMeT
indicator P P P P
23 | yaw PUCKaHHA pbiCKaHWe
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BnpaBu no tekcty 7

|. BnpaBu Ha nepeBipKy 3HaHb JIEKCUYHOIro MaTepiany

1) Give the definitions to the following words:

a) Cockpit;

b) Flight instruments;
c) Flight crew;

d) Captain;

e) ACARS.

2) Fill in the gaps with appropriate words (each word can be used
only once):

essential | surfaces altitude cockpit humidity airproof
yaw back-up north compartment | enclosed | disengage
linkages roll temperature engage throttle nautical
horizon | controls ground direction visibility Pitch

1. In the modern electronic cockpit, the electronic flight

instruments are usually regardedas __ and ____ instruments.

2. MCP may be used to or both the autopilot and the
autothrottle.

3. A conventional fixed-wing aircraft flight control system consists
of flight control ___, the respective cockpit __ , connecting ___ , and the
necessary operating mechanisms to control an aircraft's _____ in flight.

4. A control yoke governs the aircraft's and

5. Most modern cockpits are ___, except on some small aircratft.

6. Rudder pedals are used to control .

7. In most airliners, a door separates the _ from the
passenger .

8. controls are used to control engine speed.

9. The flight instruments are of particular use in conditions of
poor .

10. The attitude indicator shows the aircraft's relation to the .

11. Air density varieswith __ ,  and .

12. The compass shows the aircraft's heading relative to
magnetic .

13. The ACARS equipment on the aircraft is linked to that on the
by the datalink service provider.
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14. Some flight crew position names were originally derived
from _ terms.

15. The fabric covering of an aircraft provides a light __ skin for
lifting and control surfaces.

Il. BhpaBu Ha nepeBipKy 3HaHb JFIEKCUKU | PO3YMiHHA BUBYEHOro
maTepiany

1) Choose the right statement, put true (T) or false (F):

1. Grade A cotton would typically last ten to fifteen years.

2. The Second Officer is lower in rank to the First Officer.

3. The term “gyrocompass” is widely used in aviation applications.

4. The “RMI” stands for “radio magnetic identificator”.

5. The airspeed indicator works by measuring the ram-air pressure
in the aircraft's Pitot tube.

6. A mode control panel is located behind the pilot.

7. Ceconite does not rot like cotton and can last over 20 years.

8. Polyethylene terephthalate can be glued to the airframe instead of
sewn.

9. The pilot may use the flight management system to check the
flight plan.

10. A co-pilot is normally seated to the left of the captain.
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2) Match the names of instruments with their pictures:
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a) airspeed indicator

b) vertical speed indicator

c) radio magnetic indicator

d) altimeter

e) course deviation indicator

f) attitude indicator

g) magnetic compass

h) heading indicator



lll. BnpaBn Ha nepeBipKy 3HaHb NEKCUKU i PO3YyMIHHA BUBYEHOrO
MaTtepiany Ha 6ifibLl BUCOKOMY PiBHi

1) Translate from Russian/Ukrainian into English:

1. YacTb camonéTta, U3 KOTopon NumoT ynpasnseT UM, Ha3blBaeTcH
KabnHow akunaxa. / YactnHa nitaka, 3 Kol NinoT Kepye HUM, Ha3MBaETLCA
KabiHOO ekinaxy.

2. [ynbT ynpaBneHust pexxmmamMmn camosiéta MOXET UCMNosib30BaTbCH
OS5 KOHTPOISA HanpaBieHUs, CKOPOCTU, BbICOTbI, BEPTUKAIIbHOW CKOPOCTH,
HaBurauum B BePTUKaNbHOM W TOPU3OHTanbHOM nnockocTax. / [lynet
KepyBaHHA pexuvmaMu JiTaka MOoXe BUKOPUCTOBYBATUCA AN KOHTPOSIHO
HanpPAMKY, LWBWAOKOCTI, BWUCOTW, BEPTUKamNbHOI LWBUAKOCTI, Hasirauil y
BEPTUKAnNbHIM | rOPU3OHTarbHIN NMoWwyHax.

3. HaBurayuoHHbIn gucnren nokasbiBaeT TeKywuh MapLupyT, a
Takke MHpopmMaumio O crnegylowen ToYKe MapLlpyTa, TeKyLWen CKOPOCTH
BETpa M ero HanpasneHun. / HasirauivHuin gicnnen nokasye MnOTOYHUN
MapLLpYT, a TakoX iHbopMaLito NPO HACTYMNHY TOYKY MapLupyTy, NOTOYHY
LUBUAOKICTb BITPY i MOro HaNpsM.

4. B gonosiHeHNe K OCHOBHbLIM OpraHam ynpasneHus rnoréTomMm 4acTo
Takke MNPUCYTCTBYIOT BCMOMOraTesibHble OpraHbl yrnpaBneHus, garolime
NUIOTY BO3MOXHOCTb ©Oonee TOYHOrO KOHTponsa Hag nonétom. / Ha
[00AaTOK 10 OCHOBHMX OpraHiB KepyBaHHS MOMbOTOM YaCTO TaKOX NPUCYTHI
OOMOMDKHI OpraHn KepyBaHHS, WO HadalTb NifOTOBI MOXNUBICTb GinbLu
TOYHOIO KOHTPOJSTHO HaL NOSMIbOTOM.

5. lMpnbopbl KOHTPONss OCOBGEHHO MOMe3Hbl B YCIOBMSX MITOXON
BUOMMOCTK, Hanpumep B obnakax. / [Mpunagn KOHTPOM 0CcobnmBo
KOPUCHI B yMOBax rnoraHoi BUAUMOCTI, Harnpuknazg y xmapax.

6. YKasatenb CKOpPOCTM MNOKasblBA€T CKOPOCTb flieTaTeribHoro
annapata (0bblMHO B Yy3nax) OTHOCUTENbLHO OKpyXxatwuero Bosgyxa. /
[MoKaX4mK LWBMAKOCTI NOKa3ye WBMAKICTb NiTanbHOro anapara (3assuyan y
BY3Nnax) BiAHOCHO HaBKOMULLHBbOIO MOBITPS.

7. BOo MHOrMXx COBpPEMEHHbIX caMoSfiéTax YykasaTeflb Kypca
3aMeHsIeTCA  HaBWUrauWOHHbLIM  MfaHOBbIM  NMPUBOPOM, KOTOpPbIN
npenocTaBnseT Ty Xe MHPOopMaLMIo O HanpaseHnn, a Takke nomoraeT C
HaBurauuen. / Y 6aratbOx CydacHUX fiTakax NoKaXK4YnK Kypcy 3amMiHIOETbCA
HaBirayinHUM NAaHOBUM MPUagoM, SiKMA Hagae Ty X iHdopmauio npo
HanpsaMm, a TakoX Agornomarae 3 HaBirauieto.

8. CocTaB NETHOrO aKMNaXka 3aBUCUT OT TUMNa CaMOf€Ta, a TaKke
ANMTENBHOCTN N uenun nonéta. / Cknag NbOTHOrO eKinaxy 3anexuTb Bif
TUMNYy NiTaka, a TakoX BiZ TPUBaANOCTi Ta METU MOMbOTY.

9. Ha 6onblKNHCTBE aBMananHepoB KabuHa akMna)ka oTaeneHa oT
naccaxumpckoro canoHa pasepbto. / Ha OinbwocTi asiananHepis kKabiHy
eKinaxy BiJOKpeMIIeHO Bif Naca)XMpPCbKOro caroHy Asepuma.
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10. Ha cnyyanm oTkasa ocTanbHbIX NPUOOPOB, MMEKTCS 3anacHble
npubopbl, MOKasblBalLMe OCHOBHYH WHGopmauuio o nonéete. / Ha
BUNAAOK BIiAMOBW iHWMX NpunagiBs € 3anacHi npunagu, LWo MNoKasylTb
OCHOBHY iHGbOpMaLlito NPOo MNOJiT.

2) Write the full names for the abbreviations given:

1. MCP;
2. EICAS;
3. PFD;
4. ECAM;
5. ND.

V. loaaTKoBi NUTaHHA (3a 3MicTOM HaB4YanbHUX BigeodinbMiB)

1. Which crew members did you see in the video? What are their
duties? (based on the film “B777-300ER Air Austral Cockpit”)

2. Which devices did you see on the control panel? (based on the
film “B777-300ER Air Austral Cockpit”)

3. What information about the flight did the pilot share? (based on
the film “B777-300ER Air Austral Cockpit”)

4. Which airport was shown in the video? (based on the film “B777-
300ER Air Austral Cockpit”)

5. Was the landing successful? (based on the film “B777-300ER Air
Austral Cockpit”)
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