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PART 11

KT 1

1. IlpocMoTpHTe Creaylonpe CiI0Ba, OHM MOMOTYT BaM B paboTe Haja Tek-
ctom "Gas Turbins Engine Rotor Dynamics";
advent - mpuxoxa(mosiienue), tend - CTpEeMHUTHCI(HUMETh TEHJCH-
IHI0), appropriate - TOAXOMANMIA (COOTBETCTBYIOIIHIA),
roll - Epamars(cs), intershaft - mexBanbHbIH, approach -
noxxoa( K mpobieme) , involve - Briouath B cebs(moapa3yMeBars),
mention - ynomuHaTh, seal - ymmorHuTenb(caipbHUK), lubrication-
CcMas3ska, incorporate - OOBEOUHATH (BKIIOYATH).

2. Ilpoutute TEeKCT, HAWIUTE W TMEPEBEAUTE MNPEIVIOKEHUS, B KOTOPBHIX
COZIEPXKATCS OTBETHI HA BOIPOCHI:

1. How are vibration amplitudes maintained? 2. What worsens

further difficult bearing lubrication and cooling problems?

3» Why is it becoming difficult tc achieve adequate control of

the inner rotor dynamics? 4» What do alternate approaches to

inner spool rotor dynamic problems result in?

Text

Gas Turbina Rotor Dynamics
lo With the advent of higher perfoxwBwe more compact two-spool
gas-turbine engines which employ higher rotational speeds and
higher temperatures;' adequate control.of the dynamics of the
inner rotor is becoming more difficult to achieve«, This is be-
cause inner shafts supported on two bearings “nd to have one
more flexible critical speeds within the engine operating speed
range *
2. This problem has been traditionally solved by either increas-
ing the shaft diameter, adding bearings, or by utilizing an
appropriate number* of rolling <« element intershaft bearings*
Sy proper placement of these bearings, ths flexibility of the
mirmar shaft is controlled ©nd vibration amplitudes ars main-
tained»



3. Alternate ?.pyrpaches -mner spool rotor dynamic problems
often involve Changes ir. design speed and number of turbim or
compressor stages. These approaches, however, result in Creas-
ed engine 1m i-id. weight not to mention incrc ised costs due
to the additional bearing supports, seal:-mand lubrication..

4. As the spaed of the inner shaft increases to achieve increas-
ingly higher engine performance, dynamic control becomes more
difficult. In the smaller two-shaft engines the limited inter-
shaft space is making it mors and more difficult to incorporate
the necessary bearing lubrication and seal systems. Further-
more« the continuing increase in operating temperatures further
worsens difficult bearing lubrication end cooling problems,

111, 3akoHuMTE JAcHHOE MpeIoKeHHE, BBIOpaB (Gpasy, OTOOPAKAFOIILYIO
OJIHY M3 MbICIEH TeKcTa:
If the continuing increase in operating temperatures were

solved

1., it would mean new possibilities for gas turbine engine
development.

2. ... there would ba no difficult bearing lubrication and con-

trolling problems.
3. the design would be balanced to get higher engine relia-
bility and maintainability.

IV» Tlongbepute aHTIMiiCKME SKBHUBAJCHTA:

I . xapakTepucTtuka 1. inner shaft
2. CKOpOCTh BpalleHus(4actoTra) 2. dynamic control
CTYNEHb KOMIIpeccopa 3. placement
V, BHYTpeHHUH Bal 4. operating speed range
5. AWHAMHYECKOE PeryJHpOBaHHE 5. pex-formance
6 0 pacroyoxeHHe 6. design speed
7. nuana3oHBl paboYHX PEKHMOB 7. rotational speed
8. pacu€rHas CKOPOCTb 8« two-spool gas turbine
9. JMByXKackaaHBIH Ta30TYpOMHHBIA 9, compressor stage
(nBUTraTeNn)
V. IlepeBenute TEKCT 2T700 Engine Dynamic Design®

mUucbMeHHO co cioBapéMm (30 muH).



T 700 Engine Dynamic .Design
I» The following major requirements controlled the desig» of the
T TOO engine from the point of view of engine dynamics® a) The
number of bearings and frames necessary to support the rotors
should be minimised to have a low cost, lightweight engine?
b) The design should be balanced to achieve high engine reliabi-
lity and maintainability, field replacement of, modules, clear-
ance control during maneuvers and heavy unbalance situations,
high life requirement of bearings, high engine integrity under
situations due to loss of blades, etc? c) Sotor criticdis sen-
sitive to unbalance in the low pressure or high pressure rotors
should be outside the steady-state operating range with good
margin.
2» The T/AAO gas generator has two bearings mounted on cages with
squeeze films in parallels The gas generator has three criticais
below the idle of approximately 30®000 rpm_  Bio roto.r criticais
exist in the operating range, which has a maximum, speed of
44» TOO rpm»
3» Since the gas generator and power shaft operate at supercri-
tical speeds, they have excellent tolerance to unbalance«,
4c The T700 engine has excellent dynamic characteristicsj> it
serves to illustrate the squeeze film  soft-mounting concept of
design«, The TTOO is a unique engine whose gas generator .rotor
is solely mounted on two squeeze film damped bearings«, These
design features were selected as a result of extensive analysis
and rig and full-scale engine test«, The TTOO has excellent vib-
ration characteristics with less than 5 g’s .acceleration on cas-
ings under normal operating conditions.

T 2

i. IIpocmoTpuTe ojeayl[HE CJIOBE» OHHM NMOMOTYT BaM B pabore
Hax tekctom wJ?ropfan Sow Moving to Pull-Ccale Develop-

ment and TestingS’

saving - 5KOHOMHA(31,) , propfan - TATOBBIH BEHTHIATOpP (HABHUTATENS),
advances  ymyumenHblii» wind tunnel - a’poamHamuueckas TpyOa,



full-scale - HarypanbHas BeauuuHa; swept tip - cTpenoBujHAA

3aKOHIOBKa(itomacrtu) ; to hold promise - oxaepxarb obeuianue;
link - coenunsth; nacelle - rougona(mBuratens); evaluate -
OLEHUBATH; schedule - mmanupoBaTtsh; aft - B XBOCTOBOW wacTw;

introduce - BHeapsTh (34.).impact - BuusiHue*

Il. Kakue cioBa 00pa3yrT TEPMHUHOJIOTHYECKHE CIOBOCOYETAHMSA:

a) fuselage-mounted a) saving

b) fuel b) testing

c) acoustic ¢) tunnel

d) wind d) consumption
e) full-scale e) tip

f) fuel f) development
g) swept g) speed

h) subsonic h) engine

Preplan Now Moving to Pull-Scale
.Development and Testing
( Data provided by Lockheed-Georgia Company USA)
1. Great fuel savings are seen, possible in. the future through
use of the so-called propfan, an advanced turboprop designs Ba-
sed on the success of wind tunnel testing which had indicated
savings in fuel consumption by as much as 3Oper cent, a major
follow-on contract has been awarded to the firm by the IJationa.-
Aeronautics and Space Administration to carry out full-scale
development and ground test of the propfan system.
2. Propfan system tests were at speed up to Mach O.S and up to
35.000 feet (10,670 metres) in altitude.
3» The eight-blade propfan propeller has thin-profile blades
with highly swept tips (2.74 metres in diameters). It holds
th» promise of linking propfan fuel-efficiency with subsonic
jet speeds. The design has excellent acoustic characteristics.
A new nacelle system has been designed end fabricated to house
the Allison Model 501-M78 gas turbine engin . It is designed
so that the propfan propulsion system can be mounted on the
le ft wing.
4. The complete propfan system has first been evaluated in
outdoor static tests. Then it was mounted on one wing of a
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Gulfstream-11 which, had undergone acoustic tasting in the
12X24 metre low speed wind tunnel at NASA’s liesearch Center in
Califoinia,

5» For the flight-test phase now scheduled for mid-1990f3; the
propfan propulsion system will be mounted on the left wing of
the Gulfstream-11« Its two aft fuselage-mounted engines will
provide the main power during flight. -

6« Some aerospace industry analyses have shown that up to 227
billion litres of fuels could be saved by the year- 2000 if
propfan can be introduced. Thus, successful propfan development
will have a major impact on the Short-to-medium range aeroplane
market.

III. Kakoe CJOBO IO 3HAUEHMK BHNAIAaeT M3.IaHHOM TPYNNH CJOB:

a) advance; b) progress; c) success; d) profile.

a; link; b) connect; c¢) combine; d) carry.

a) altitude; b)speed; c) rate; d) velocity.

&) propulsion; b) design; c¢) engine;' d) power plant.
a) examine; b) mount; c) test; d) try.

iv. BubepuTe NPaBWJILHEY OTBET B COOTBETCTBMM C COINEPXAaHUEM
TEeKCTa:

1) The eight-blade paropfan propeller has thick-profile blades
with -highly swept-back tips.
a) It is right; b) It is wrong; c¢) It is not mentioned in the
text.
2)Great fuel savings are seen possible in the future through
use of the so-called propfan.
a) It is right; b) It is wrong; c¢) It is not mentioned in the
text.
3) The design has excellent combustion characteristics.
a) It is right; b) It is wrong; c) It is not mentioned in the
text.
4) Its two in-wing mounted engines will provide the main power
during flight.
a) It is right; b) It is wrong; c¢) It is not mentioned in the
text.



5) Aramjet is a very simple, light weight engine for superso-

nic aeroplanes ana missiles. =

a) it is right; h) it is wrong; c¢) It is not mentioned xn the
text.

v. IlepeBemure TexcT "Ramjet and scramjet" mnucebMeHHO (B Kiacce)

3a 25 MuH. CMOTpUTEe NpUMEYaHUS IOCIE TEKCTa.

Ramjet and. Scramjet1
(described by engineer Alan Bond, inventor of the revolutio-
nary Hotel engine)

"A ramjet is a very simple, lightweight engine for super-
sonic aeroplanes and missiles. It consists of a specially shaped
duct, which slows down the air which is entering, That causes
its energy to be turned into heat and high pressure, iiiel is
burnt in the flowing air which is then reaccelerated by the.
shape of the rear of the duct. This hot air, having higher ener-
gy than the inlet air, travels much faster so it causes the
thrust from, the escaping" jet to be higher than the drag caused
by slowing down the air.

When the aeroplane or missile is travelling above Mach b,
the fuel is burnt at supersonic speeds. Hence, Supersonic Com-
bustion Ramjet, or Scramjet. Both Ramjet and Scramjet will ope-
rate only at high speed and need to be accelerated by some other
type of engine. They may lead to aeroplanes that can fly straight
into space or half way around the world in about one hour.?

Notes:
1) scramjet - BO3AYHNIHO-PCAKTUBHBIN JABUIraTelb CO CBEPX3BYKOBBIM CTO~
2) cause - CIYXUTb NPUUYUHOH Y .-JI. paHHEM TOIJIMBA;

3) escape -MOKHIATh, BBIXOIUTb U 3...
LOIIT 3

1. IIpocmoTpuTe cieayrouye clioBa, OHM MOMOIYT BaM B paboTe Hax
tekctom  *General Electric’s Engines”:

saie(s) - mpomaxa; sell(sold) - nponaB3Th(TOpProBath 4Yem-i.);
customer -mokymatenb; face competition - CTalKHBAaTbCS C KOH-
kypeHnueii; run - pab6orare (o HBnraTj"sst rules - ycranaBauBars,
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(ompenensiTe) mnpaBuia fixed-pitch - HeuzmeHsembIit

sar; emission - »muccus (BpIOpOC ra3oB) OT JBHUIraTelleid;
counter-rofating - oOpaTHOro BpamlCHUS; hoi© - okno (B o6imau-
HOCTH), BO3AyIIHAas sMa, OTBEpPCTHE.

Ix. OrmerbTe, Kakue mnapb 0o0OpasylOT CHHOHUMBI

a) operate a) revolve

b) project b) show

¢) demonstrate c) burner

d) combustor d) decrease

e) reduce e) run.

f) rotate f) design
Text

General Electric’s Engines
I. In civil as in military engines, General Electric has grown
greatly over the past two decades. The GE CP 6-800 is still, the
sales leader among engines- for widebody aircraft."GE could sell
200 big engines a year through 1994 without a single new cus-
tomer®, says Brian Howe, senior vice-presidenteof General.,, Elec-
tric Aircraft Engines, GE has always faced competition in near-
ly all its markets and has usually sold, to customers who ope-
rate other engines as airlines have always mixed engines ;in
their fleets, GE engine reliability is essential, and is being
achieved. The first CT-6-80G has passed four years and 15,0Q0.hr
in sevica and has never been .removed from the aircraft. Of the
23 engines that are above 8,000hr, 21 have never been removed.
2. GE’s last planned new engine was the GE36 Unducted Ean(UDE).
The decision that faces GE now is whether to launch the biggest
new commercial engine program ever, the GE90, The existing
CE6-80C/E family can run to 75,000 lb. "Above 75.0001b," says
Rowe,“we need er. engine at least 10% better in specific fuel
consumption." But GE has set some rules for the projec,. The
Company -doesnt want-to push component efficiency, but to put
in as muon from the GE6-80C as possible that works veil.
3. Without pushing component technology, :he way to .improved
efficiency lies through cycle changes. Th= fan, . .
gically be much bigger than that of any current engine, will be



fixed-pitch ana. directly driven®* The compressor will be based
on technology demonstrated under the NASA - sponsored Energy

E fficient Engine (E3) program, and turbine temperatures will be
110-165K below levels that have been demonstrated on.GE’s mili-
tary engines*

4. The GE9O will also have a new combustor design, another re-
sult of E3 work, which will reduce nitrogen-oxide emissions*
The basic GE9O will have thrust potential to 90,000 -"92,0001b.
"Beyond the year- 2000, "Rowe says,"you could use a counter-ro-
tating fan and get 100,0001b in the suae hole“* The engine will
cost §1,5 -2 billion to develop* The manacement at GE A ircraft
engines is in the happy position and has enough money to do this.

ITI.VYkaxnTe,kakoe M3 BHICKAa3bIBAaHWW JaéT NpaBUIBHBIA OTBET Ha
BOINpPOC: u

Why will General Electric be able to get 100,0001b of its en-

gines beyond the year 2000?

- because G.E. has always faced competition in nearly all its
markets.

- because the fan, which must logically be much bigger than
that of any current engine, will be fixed-pitch.

- because G.E. will use a counter-rotating fan.

- because the management at GE Aircraft enginesis in the happy
position.

iv*IlocraBbTe BONHOCK B MPaBUIHHON MOCIENOBATEIBHOCTH, COOTBETCTBY-

- How much will tne PJFEI% cos% [let- conepanmio TexcTa:
General Electric has grown greatly over the past two decades,
hasn'tit?

- What decision does G.E. face now?

- G.E. engine reliability is essential and is being achieved,
isn't it?

- Where does the way to improved efficiency lie?

- What type of engines is still the sales leader among engines
for widebody aircraft?

V. Ilepesenute tTexct "Zoche Diesel Engine Advances" yctHO (B
kaacce). CMOTpHTE NMpHUMEYaHHs IOCIE TEKCTA.
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Zoche Diesel Rngine Advances'
* Munich-based. Zoche’s light aircraft diesel engines should
available for flight testing in two years time, according
to the company’s founder Michael Zoche. The Zoche engines,
which include the four-cylinder Zo OlA and the eight-cylinder
Z0 02A, represent one of the most recent attempts to develop a
new powerplant family for light fixed-wing .aircraft« Interest
has been expressed by many manufacturers, especially those of
unmanned air vehicles«
The 220 kw Zoche engine will weign less -shan equivalent
turboprop engines while using less fuel»
Current reciprocating engines mostly offer modest power/
weightratios, are more complex to handle” than, turbines, and.
use aviation gasoline fuel which is generally expensivel, and

in some areas, difficult to obtain. Small turbines are expensive”
fuel-thirsty” at idle settings”,- and weighed down by the gear-

boxes” required to rediice their high shaft speeds to propeller
speeds»

The Zoche engines incorporate the latest cylinder tech-
nology as v/ell as such refinements~as tungsten? counterweights
and full aerobatic pressure lubrication» Recent improvements
include a patented air starting system, using the rotor of the
mechanical air at 30 bar to bring the engine to full speed in
0,6 seconds.

The reservoir can be refilled in flight from a piston pump
driven by manifold air» Low-pressure mechanical and high-pr£-
ssure turbochargerte!”ork in tandem, and the engine is

flat-rated to 2,750 metres.

Motes:
1. advance - mporpecc, ycmex
2» available - wumeromuiics B pacnopsDKCHHH, JOCTYIHBIN
3. handle - oOpamarbcs, ympaBisiTh
4« expensive - JOPOTOCTOSHINIA

to be fuel-thirsty -ObITh HEIKOHOMUYHBIM(JIBHUI.)IIO PACXOay TOM-
(31

5

'

6. idle setting -momoxxeHue IHB/IﬁManHﬁ ras
7. gearbox - penykTop, Kopobka mepenad
a

refinement - ynydireHue,10BOAKA, YCOBEPIICHCTBOBAHUE



% «ungstexi - Boub(pam

10« iu.bracatxon — cmaska

n .manifold - cucrema TpyOOIPOBOIOB

12»Turbocharger - TtypOo3apHHBIH arperat(ycTpoiCTBO).

OIT 4

I. IIpocmoTpure cremyiomme cjioBa, OHM HMOMOIYT BaM B paboTe Har

TEKCTOM "Rolls-Royce Company”:
airframe - kopnyc(kapkac); option - BBIOOD; exercise -
OCYIIECTBIATH(IIPUMEHATH), HNPOSBIATh;  triple - yTpauBaTbh(cs);
retire -cHUMaTh ¢ oOciyxkuBaHus (ax.);  twin — IBYXTIOTOPHBL?
caMoJ€T; count - TJETh 3HAYCHHE; core - sapo(TedyeHns)s3.;

12

eventually - B uTore; coy - HEIOCTYIHBII; recession - crHami;
KK - y3semn,(mepa ckopoctu), (knot).

i» IlogOepure ompenesneHus K OYIIBCTBHTETHTOY ;

a) ratio a) strong

b) emphasis b) real

c) thrust C) bypass

d) engine d) special

e) recession e) static

f) position f) three-shaft

ill. 3amenure HOZ[‘IépKHyTI)IC CJIOBa TNPOTHUBOIMOJJOAHHBII IO 3HAYCHHIO:

1. Pirm orders are solid in the short- term and will continue

to be very strong for 2 to 3 years.
2. The big three-shaft engine will always be better than the

two-shaft.
3« 400-450 seat twins at the top of the climb could well need

the equivalent of 355 O static.

descend, worse, weak, stop, long, liquid.

Rolls-Royce Company
1. Rolls-Royce gives special emphasis to 1989’s double achieve-

ment of getting a Rolla-Royce jet, the new Trent, launched on



both McDonnell Douglas and Airbus Industrie airframes for Cue
first time.
2« Rolls-Royce has come a long hard way in 10 years or so, from
offering engines covering' only 20 % of the airframes available
a decade ago to 70% today. Rirm orders are solid in the short
term and will not be a surprise if some options are not exer-
cised after 1992-93
3. The airlines -are expected to get nearly 8,400 new aircraft
in the period up to 2003» although nearly a sixth of these are
150-seaters to be delivered before 1994» the large majority of
which have already been ordered.
4. The replacement market, rather than that for expanded fleets,
is expected to triple, compared with the past 15 years 2,500
aircraft are to be retired or re-engined. Total requirements up
to 2003 are more likely to be in. the region of 3,800 aircraft
"It is the big twins that are driving the thrust requirements”,
says Robins, Deputy Chairman of Rolls-Royce. What counts these
days 1is not static thrust but thrust ar the top of the climb.
400-450-seat twins at the top -of the climb could well need the
equivalent of 355kN static, but we are still talking of bypass
ratios of five or six to one”, he says.
5. The Trent has already been sold on the A 330 at a thrust of
320kli and (with an increased-flow core and the fan. diameter in-
creased from some 246 cm to 254 cm) is being offered at 338 kIJ
for the 767X» Rolls-Royce says the engine is capable.of more
then 355 Of eventually, even if it is staying coy about core
modifications and fan diameters at this points
6.What about thrusts beyond?”What for?” asks Robins. ”1 can’t
see what need arises. I can see nothing in. the next decade
that will require a start-again engine. The big three-shaft en-
gine will always be better than the two~shaft; And the higher
the thrust and pressure ratio go, the better the three shafts
look.This is a very strong technical position.Iiobody sees a real

recession in. the industry over the next 15 years".

iv. [lpouTuTe TEeKCT, yKaxuTe HoMepa abs3alleB, K KOTOPHM IaHHHE
npenjioxeHnda MOTYT CIHYXUTb 3ar'OJIOBKaMM:
- A three-shaft engine is a strong technical position.

- Rolls-Royce orders continue to be strong.



The replacement jmatket tendency is to triple up to 2003»

V. VYKaxuTe BOIPOC, HAa KOTOPBIH HEJb3sl HAWTH OTBET B COACpPNKAHUU
TEKCTa:

1. Who sees a real recession in the industry over the next
15 years?

2. Where was the new Trent launched on for the first tine?

3. Poes Holls-hoyce regard the Trent as an evolutionary, hybrid
engine?

4« In what region are total, requirements more likely to be up
to 2003?

5. 'What bypass ratios does the firm expect to get?

vi. Cuenaiite -TpaMJIaTHYECKUH aHaNW3 TpeIokeHus 3 ab3ama (MHOUHUTHUB,
nad. xoHCcTpykuus). [Ipemioxkenue mnepesenute,

VII. IlepeBenute mucekmenHo tekct "R-R Plana Hybrid Engine's
C TIOMOIIBIO CIOBaps.

R - B Plans Hybrid Engine
Rools-Royce is proposing a new vectored-thrust engine to power
advanced STOVL aircarft.

The company plans to combine ths thrust-vectoring quali-
ties of the Pegasus with the high specific thrust of an engine
under development for the European lighter Aircraft. The aim is
to produce a supersonic aircarft capable of vertical landing,
rather than a STOVL aircraft with Mach 1 capability,

Rools-Royce regards the new engine as an evolutionary
hybrid, combining the fundamental elements of the Pegasus with
the advantages of a modern conventional fighter engine.

If the engine exit streams are mixed for STOVL operations,
the resultant flow can be divided in any pxoportion to achieve
aircraft balance. The choice of engine bypass ratio is therefore
not critical to balance, as it is with Pegasus, although mixed
exhaust temperature increases as bypass ratio is reduced. The
company believes that mixed flow should be avoided in the front
lift system if possible, and defends the use of low-temperatuxe
flow. An ejector could overcome this objection to mixed flow,
but at the .expense of increased volume, possible transition.
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difficulties, and. reduced flexibility.

The phylosophy of "cold” front nozzles means that the en-
gine is designed to be unmixed in the lift mode. Although thrust
generated by the bypass flow of a mixed engine is low for satis-
factory aircraft balance, an unmixed engine provides the flexi-
bility to resolve this difficulty.

UNIT 5

i. IIpocMoTpure cremyrolmme cioBa, OHM MOMOTYT BaM B pabore Hal

TEKCTOM "Pratt and Whitney’s Engine Family";

ride - yuactBOoBaTh B 4.-nu00(31) jabrupt - pe3Kkuil,BHE3aIHbBIN;
foreseeable - mpexacrosmii; take for granted - mnpuHMMaTh Kak
nobkHOe (camo co0oii pasymeksiiieecs); entertain - MOAICpKUBATH
(mpemnokenusi) 3x.;  doubt - coMHeHHe(ThCA); shroudless -
6e3 OanmaxHOro oboma (O BO3AYIIHOM BHHTE) 34a.; rival - comep-
HUKEKOHKYPEHT) ; prediction - mpenckasanue (yTBEpKICHHUE,
emerge - MOSBIATHCSA,BO3HUKATH (HEOXKUIAHHO); gear(ed) -

JIBUTATEb C peaykropoM; variable - pitch - wu3MeHsiemeil mar;
hollow - momeli (mycToTENbIH),

II.IIpoutnTe TEKCT, HAWIWUTE W NEPEBEAUTE IPEUIOKEHUE CO CIEAYIO-
IFMA CIIOBOCOYCTAHUSMHU;

a) to concentrate on fuel bum

b) to ride the boom in sales

¢) hollow-bladed shroudlessfan

d) to be forced into new modified engines

e) a geared, variable-pitch engine

f) to put an abrupt end to the situation

Pratt and Whitney’s Engine Family

1. Like other companies; P&V has been riding the boom in sales
of commercial aircraft. Peter Chapmen, executive vice-president
of P&WB commercial engine business, doesn’t see anything that
will put an abrupt.end to this situation in the foreseeable fu-
ture. An example that Chapman says is Northwest’s recent order
for 40 firm 757s and 40 options. Once, such an order would have
been taken for .yanted by P&W because Northwest already has
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33 757s with. P&w engines, but Northwest seriously entertained
proposals fro». Airbus for. A321s and from Rolls-Royce for
?B21i-53534s,

2. Other areas o' . r business are changing."We usee to concen-
trate on fuel bum but now reliability is much more important,,
says Chapman.

3. The 767X, now virtually an all-new aircraft, becomes reality.
P&W believes that the existing PW4000 family will produce enough
power for the new turn."I have no doubt that Rolls-Royce, General
Electric and Pratt & Whitney can build an 85,0001b engine,but
we don’t see a requirement for one,"says Chapman.

4. So, the theory goes, a 75.0001b-thrust P./4000 family member,
with a new 264cnj shroudless fan but no fundamental changes to
the core, can handle the new Boeing, but the smaller-cored Trent
and CP6-80 cannot, The rivals are forced into new or radically
modified engines.

5. s predict..or is that if much more than 75,0001b is requi-
red.. the need will >oaie later in the decade, . merging as the
company’s answer is the Advanced Ducted Propeller(AD?), a geared
variable-pitch engine with a BPR of more than 10:1, capable of
delivering GS90 thrust from a PW 4000 hot section.

b. Physically identical PW4000 engines can deliver from 222kli

to 289kN. The Step 2 growth version, intended for the A330,

is designed to deliver 302kKT The Step3 PWA4000 .incorporates
Pratt & Whitney’s first hollow-bladed shroudless fan.

II1I. Omnpenenure, COOTBETCTBYET JH CIEOyIOIIce MPEIIOKEHHE COAepKa-

HHIO TE€KCTa:
Pratt and Whitney expects to deliver an auxiliary power unit(APU)

to Boeing in 1990°’s.

iv. Bribepute HamGoiee moxxomsMmmii 3arosioBOK K ab3amy I:
a) The business areas are changing.
b) Pratt and Whitney and the rivals.
c) ADP is a geared, variable-pitch engine.
d) P&W's family members.

V. IlepeBenuTe TeKCT "Auxiliary Power Unit Choice Widens Again"
yctHO (Ha 3aHgsuu)3a 20-25 munH.CMOTpHUTE NpHMEUYaHHS IOCiIe TEKCTA.
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Auxiliary Power Unit Choice ! Widens Again

l« Pratt & Whitney has already opened the first front by intro-
ducing a competitive" auxiliary power unit (APU) for the Boeing
in 1990's and see the first delivery of a new APS 2000-equip-
ped 737 the following October, 1990«

2« The APS 2000 xs an entirely different approach frfm that
offered by Garrett, placing an integral bleed system up against
the Garrett load compressor that has been flying on the 737 and
110-80. The firm decided to make the APS 2000 an. integral sys-
tem after surveying?® the airlines and aircraft manufacturers,
who said that was what they needed.

3» A bleed-in system offers lower weight and greater efficien-
cy with only half the number of parts, "so it has fewer things
to go wrong", A load compressor is slightly more efficient at
higher loads, but at low loads the less expensive and more re-
liable integral'system has the efficiency edge » The single-
-rotor engine has a compression ratio of 4:1»
4» The APS 2000 also has a different structure to reduce mainte-
nance problems. Both bearings are located in front of the com-
pressor, at the cold end, running at cooler temperatures with
less oil break down and longer bearing life than APUs with one
bearing in front and one in the middle, next to the turbine.
rotor®
5» There is no need in a de-oiling systemo on the APS 2000® Lock-
need laboratory began tests in June 1990» These tests indicated
no de-oiling reouirementy»
6= The APS 200Dalso offers in-place borescope?A inspections, fault 10
isolation and display, in-pJace agcess to line-replaceable

units, a two-stage fuel pump and full-authority digital elec-

tronic control»

Notes:

1» choice - BbIOOp

2» competitive - CONEPHUYAOMMN, KOHKYPUPYIOIIHH

3» entirely - coBepuieHHO, BIOJHE, IEIUKOM

4. bleed system - cucrema orbopa Bo3ayxa (OT ABUTaTEss)

5. survey - HaOmroaeHue, 0030p, KOHTPOIb
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6. edge - rpaHuWma,Kpai,KoHEI

7« bearing - MHOJUIMITHUAK

8. de-oiling system - cucrema obGe3MaciauBaHUI(00C3KUPUBAHUS)
9. borescope - Gopockon

10 .fault - ommOka, moBpexaeHHe, OTKa3

1J.access - JIOCTYIL TIOIXOA

12.full-authority - 5¢¢exTuBHBI, MaKCUMAaIbHBIN

UNIT 6

I. IIpocMmoTpuTe criemyromme ciI0Ba, OHM TMOMOTYT BaM B paboTe Haf
tekctom P & WPIlans for the 1990's" (Part I):

Derivative - momm¢uxanus (BapuaHT); refan - peBEeHTHIATOPHBII
(ABUT.)juprated - c¢ mnoBblueHHONW TsArod (MomiHOoCThIO); certificate -
yIOCTOBEPSTH (cBumetenbctBoBaT! MoarsepsaatscoTnulite” - 06s13a-
tenbcTBO(moanepxkka); thread - HuTh (cBA3ylomias JIMHUA);

retention - coxpanenme; durability - HpPOZOKUTEIBLHOCTH PAbOTHI
(mnmutenapHOCTh Oremounted - pacrojOKEHHBI HA OCHOBHOM KOHTYpe(ABHUT)
account for - o00BscHATH (s1.-mub0); shut-down - BeIKITIOYECHHE, OT-
ceuka (aBur.); fairly - nmoBonbpHO; measure ® U3MepsiTh; retain-

COXpaHATH(yIEePKUBATH); avoid - um3berars; tip speed - OKpyx-
Has CKOPOCThb; torque - KPYTSUMHA MOMEHT; capacity - paboumit
00béM; cowling - kamor; mismatch.- paccormacoBaHue(HecoBIaaACHUE)

eliminate - ynwmuroxarh; adjustable - perymupyemsiit; ADP - yco-
BEPIICHCTBOBAHHBIM JBUTATEIh C BHUHTOM B KOJBIEBOM KaHAale.

I1. OtmerpTe, kakue mapbl 00pa3yrOT AHTOHHUMBI:

a) cooling a) outside
b) decrease b) long'
c) low ¢) warming
d) thick d) increase
e) short e) thin.
f) inside f) high
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P & WPIlans for the 1990s
Part I)

1. In the 1980S, Pratt & Whitney launched two-and-one-third new
large commercial engines - the PW2000, PW4000 and V2500 - the
only all-new programs in their class. Now, derivatives and
refans should carry the company beyond the year 2000. Uprated
versions are available. The PW2041, rated at 194,5 kN, was of-
fered to America and is being certificated. The company has
made an internal commitment to the P.,2043, a 196,5 kN engine
with a new fan, 4,2cm larger in diameter, which’will be avail-
able in 1992. It will offer more thrust and open the way to a
more powerful engine”Phe larger fan will fit inside the contours
the existing nacelle.

2. The connecting thread in PW2000 developments is that two
parts of the engine do not change; the high-pressure spool,
which is the most expensive part of the engine and drives per-
formance retention and durability , and the coremounted acces-
sories, which account for most inflight shut-downs.Reliability
and durability ought to remain fairly stable.

3. The Step 1 engine is a higher-temperature version of the en-
gine with improved materials and more cooling in the high-tem-
perature turbine. It is mainly intended to provide more power
for laD-11 growth versions without requiring physical changes to
the inlet duct. Thrust could reach 2&9 kN»

4» The Step 2 engine is designed for the A330 and it is in the
3020 class and will be certificated by June 1992. The primary

difference is a new 254 cm fan (the current fan measures 23Scm).

The fan pressure ratio is also increased, from 1.6-J1 to 1,75:1,
composite fan-exit guide vanes save weight.

5. To retain efficiency end to avoid a noise increase the fan
tip speed is kept the same as in the other Ptf4000s, and this
means that the rotational.speed is reduced. One stage is added
to each end of the low pressure spool to maintain its perfor-
mance at the reduced speed. Because the speed is lower but the
power is greater the torque required to drive the fan is sub-
stantially increased; the shaft wall is made thicker and, for
the first time, cnniing air is introduced into the hottest part

9
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of the shaft, increasing its torque capacity by 35%.

6. The Step 3 engine 'has the same low-pressure.system and core
as the PW 4168, running at the same core temperatures, but has
a' shroudless hollow titanium fan» Because of the removal of the
shroud it has a higher airflow and P&W has now raised the di-
ameter to 264cm, The first engine could be tested in the se-
cond quarter of 1991.

7. A1l the P&W engines have short separate - flow cowlings. If
more power is required, P&W believes, the best solution is the
Advanced Ducted Propeller (ADP). The ADP has a bypass ratio
higher than 11:1, roughly, twice as high as today's engines,Its
low fan pressure ratio leads to nozzle area mismatches at dif-
ferent speeds, so the fan pitch (and hence airflow) must be ad-
justable. Providing the fan with a reverse position eliminates
the thrust reverser and reduces the overall diameter and weight
of the engine.

111.3akoHUNTe [OaHHEHE MPeIJIOXeHNMs, BHOpaB Opasy, oToOpaxaniyn
OIHY M3 MHCJEN TeKcCTa.

If the fan. were provided with a reverse position...
1. ..o it would change the jetflow with the axial centreline of
the engine«
25 ..o the gearbox could be much smaller than one might expect.
3. 0.« it would reduce the overall diameter and weight of the
engine.

iv. BuifepuTe NPABWIILHEN OTBET Ha CJeOylmye BONPOCH, OTBET Iepe-
BEIINTEe Ha PYCCKUM A3BIK:

a) What parameters of PW 2000 ought to remain fairly stable?

b) What cowlings have all the P&W engines?

¢) How is the engine torque capacity increased?

d) When could the first engine with 264cm diameter be tested?

e) Why is one stage added to each end of the low pressure spool
of PW 4000?

a) The fan pressure ratio and diameter ought to remain fairly
stable.
Reliability and. durability ought to remain fairly stable.
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The fan pi:,oh and the weight of PW 2000 ought to remain
fairly statle.
b) All the P& engines have the same cowlings.
All the P&W engines have uprated cowlings.
A1l the P&W engines have short separate-flow cowlings.
c) It is increased by cooling air introduction into the hot-
test part of the shaft.
It is increased oy the raised diameter of the engine.
It is increased by physical changes in the inlet duct.
d) Such engine could be tested in the 1990s.
Such engine could he tested in the second quarter in 1991.
The first engine with 264 cm diameter could be tested in
June 1992.
e) One stage is added to PW 4000 each end of the low pressure
spool to have a bypass ratio higher than 11:1.
to open the way to a more powerful engine.
to maintain its performance at the reduced speed.

V. Ilepeseaure Texct "Boeing Tests Improved RB.211” nucbmenHo co
cI0Bapém.

Boeing Tests Improved RB,211

Boeing begins performance tests of an .improved version of
the RB.211-524 G. The engine has several improvements aimed at
producing a better specific fuel consumption snd consequent pay-
load/range benefits.

Revised nacelle aerodynamics., reduced blade-tip clearances,
and improved annulus and high-pressure (HP) turbine sealing
have been achieved in "Package One"(P1) improvements aimed at
reducing s.f.c. by 1 to j.6 per cent. A further improvement
aimed at a further 2 per cent saving, is embodied in "Package
Two*'(P2) which includes an improved efficiency fan and interme-
diate-pressure compressor, coupled with a high-efficiency HP
compressor and full electronic control of bleed valves and va-
riable-geometry guide vanes.

The major element of the Package Two improvements is a re-
profiled spinner, which offers"substantial reductions in turbine
gas temperature"(TGT). The spinner, which is supported by a new-
ly designed make-up piece, changes the profile into the fan,
giving extra efficiency.
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The company has also changed the final exit angle of the
nozzle, to re-align the jetflow with the axial centreline of
the engine R-R expects RB - 5240 flight time to top 0,5 million
hours. Flight-testing of the engine has been completed after
166 flights.

UNIT 7

1. Ilpocmorpute creayrmue CIOBa, OHH MOMOIYT BaMm B pabore Hajg

TEKCTOM "P&W Plans for the 1990s" (Part II):
rev/min(revolutions per minute) - ob6oporos B MUH.; versus-
NpoTUB(OTHOCHTENIBbHO); gearbox - peaykrop (kopoOka mepengau); '
invention - u300peTeHHE; modest - yMEpeHHBI; planetary -
MJIaHeTapHBbIi; impact - yaap (CTOJNKHOBEHHE); COSt - CTOHUMOCTH
(nena); rig test - HCHBITAaHME Ha CTEHJE; root - KOMEIb
(KOpHeBas 4acTh) JOHACTH; twisted - 3akpydeHHbIH (0 Jomac-

tu); feed - murare(momgaBaTh); computer-aided- aBTOMaTHYECKH
(c TIOMOIIBIO BRIYMCIUTEIBHON MalIuHbI); tremendous -  OrPOMHBIN;
couple - mapa (nBa).

II. Kakoe u3 mnpeiokKEHHBIX CJIOB HMEET 3HA4YCHHE:

a) KOHCTPYKIHUS - l)designer;2)design; 3)designed; 4)designful;

b) takum obpaszom- 1)thus; 2)therefore; 3)thereby; 4)therecafter;

o) orpenenue(pupmer) - l)divide; 2)divider; 3)divided; 4) divi-
sion.

P & WPlans for the 1990s
( Part II)

1. The Advanced Ducted Propeller (ADP) has a lower tip speed
than a conventional fan, to maintain efficiency at its low pre-
ssure ratio, and it is also larger, so the rotational speed is
less than half as great: in the region of 1,500 rev/min versus
3,200 rev/min for current engines. At this point, direct drive
from low-pressure turbine begins to be impractical. Because
(the low-pressure spool is turning slowly, more stages must be
added at both ends to maintain performance; at the same time,
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the torque load, on the shaft increases, j.In the ADI, the low-
pressure spool runs faster.)than it does in current engines

(in the 4,500-5,000 rev/min range) and the fan is driven by

a gearbox with a ratio between 3:1 and 4:1.

2. The ADP, says P&W, is not as difficult, as complex or as
risky as it looks, andjitarequires no new materials or new
inventions.>On a large engine, the gearbox may be rated at about
45,000kw. But the ratio is modest and naturally suited to a
single-stage planetary gearbox. The gearbox is free from acces-
sory drives and the engine is designed so that flight loads are
not carried into the transmission. Design studies carried out
by P&W (in association with gearbox experts at sister divisions
Sikorsky and P&V Canada, and at partner Fiat) show that the ADP
gearbox could be much smaller than one might expect

3. The ADP's tip speed, and hence the impact energy of birds,
ice or rain, is mid-way between propeller and turbofan levels.
The blades might, therefore, be made of composites. The higher
bypass ratio improves efficiency and reduces noise;the low-pre-
ssure compressor and turbine are simpler and lighter; and be-
cause the engine is more efficient it can use a smaller high-
pressure spool«

4. In manufacturing, the cost of the extra moving parts is at
least partly balanced by fewer stages and parts in the low-pre-
ssure spool and core. Some demonstration work on the AIT has
already been carried out. Arig test has shown that the revers-
ing principle works. With the fan in the reverse position, the
roots of the twisted blades form a solid wall« This blocks part
5« gearbox technology is.being explored« Computer-aided design
is a tremendous help in gearbox engineering. In the next couple
of years, P&W is likely to demonstrate the ADP at almost full
scale, possibly on a PW 2000 core. Thus, these cores could meet
the need of any likely commercial aircraft for some years into
the next century.

III. V3 pmaHHHX OJS BHOOpPa CJOB yKaXuTe TO, KOTOpOe Jyulle M MOJ-
Hee 3aKOHUUT NPeIJIOXEHME, MPeIJIOXeHNe NepeBeIuTe:
1. Because the low-pressure spool is ... slowly, mere stages
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must be added, to maintain performance»

a) requiring c) transmitting
b) revolving d) studying
2. The higher bypass .ratio improves ... and reduces noise.

a)flight; bjgerabox;*d)efficiency; d)technology,

3. With the fan in the reverse position, the roots of the twisted
blades ... a solid wall.
a) design; b) add; c¢) suit; -»d) form.

IV. yxaxuTe HoMep ab3ala, B KOTOPOM HAXOIUTCH NPEeINOXeHNe C CyOnb-
EKTHEM MHQMHUTMBHEIM ODOPOTOM, MNPEIJIOKEHME IEepeBeIuTe.

V. Omnpenenure, eCTb JM B TEKCTe OTBETH Ha CJIeAyKlMe BOIPOCH:

1). How does the low-pressure spool run in the ADP?
2). Poes the ADP require new materials or inventions?
3). The ADP turbine fan system comprises a heat exchanger,
doesn’t it?
4). What technology is being explored nowadays?
The ADP gearbox is free from accessory drives, isn't it?
). What bypass ratio has the ADP?

vi. [lepeBeaure TekcT »cooling Systems” ycTHO. CMOTpUTE NpuMe-
YaHus MOCJe TEKCTa.

Cooling Systems
1. With progress frgm piston to turbine engines there is usually
sufficient air available from the engine at a high enough pres-
sure not only to pressurize the cabin but to provide the energy
for cooling.
2. The turbine fan system comprises a heat exchanger which pro-
vides the initial cooling of the air from the engine compressor.
The-air’passes from the heat exchanger to the air turbine, and
the refrigeration is provided by making the turbine drive a fan
or ejec i;or-pump? compressors either of which car. be made to
boost'7' t- . flow of cc.)olant rarnﬁlair through the heat exchanger»
3* Owing" to the fear of air contamination by crl, etc.,, it is
possible to use a cabin compressor which takes j;he.air iron.
the wing leading edge, and passes it through a centrifugal com-
pressor and into the cabin. The engine-compressor bleed! method
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of cabin, pressurization, and the turbine fan cold air unit are
the lightest and simplest ways of cabin pressurization and
cooling«

4« The boot -strap and jet-pump cold air unit are suitable for
aircraft operating up to Idach 1, but with the speeds which are
being considered today it is obvious that heat exchangers will
cause considerable drag if they are to be ram-cooled« At al-
titudes above 25,000ft there is not much air available for cooling
in any case. These factors have led to the development of the
regenerative systems which can employ either fan or bootstrap
types of unit.

5. In the regenerative system, cabin air is led from the engine
compressor, passes through an air-to-air heat exchanger, and
then goes through the turbine of the particular type of cold-
air unit chosen before finally entering the aircraft cabin.

Ilotes;

1) available - mpuromHsiil,1OCTYIHBIH, HCIIOJIb3YEMBbII

2) ejector - KOMHOpEcCCOp CO CTPYyHHBIM HAacOCOM

3) boost - yBenMuuBaTh, MOBBILIATH

4) ram(air) - BO3AyX, CKaTblii 3a Cu€T CKOPOCTHOrO Hamopa

5) owing to - Omaromaps, BCIEICTBHE

0)contamination - 3arps3HeHue, 3apaxeHue

7) bleed - otbop (maBieHHs); OTBOJI,CIHB,IEPEMyCK

a) boot-strap(unit)- y3ex(aBur.) ¢ HapacTaHHEM TITH IOcClie Tepe-
X0/la Ha TypOOHACOCHYI MOJa4yy TOMNJIHBA;

9) obvious - OYEBHAHBIN, SICHBIH

10)considerable - 3HauuTeabHBII

Ilparticular - ocoObrit

UNIT 8

I« TIpocmoTpuTe crieaywole cjioBa, OHM MOMOTYT BaM B paboTe Haj

TEKCTOM "FiatAvio Takes a New Turn”:
licence - nuuensus; share - mons,maii,akuus; be responsible
for - OBITH OTBETCTBEHHBIM 3a ..., involve - BKJI0OYaThL B o
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pursue “ npoBOAUTH (MpOrpamMMy 31a.); SHE -MON[HOCTh Ha 3ally

(B mom.cunax) update - MOJEpHU3UPOBAHHBIA (37.); concerning -
OTHOCHUTEJBHO; exclude -mckiI0OYaTh; fortunate - yas4JINBBLT,
CYACTIUBBIH; content - JOBOJBCTBOBATHCA (YZOBICTBOPATH);

minor -MEHBIIUH (MIALIINM).

II. Crpynnupyiite ciexymoniye clioBa IO 4acTisM pedu: | - cymecTBH-
TenbHBIE; 2 - MpuUiIaratelbHbIe, 3 - Hapeuus; 4 - TIarOJbI:

a) definitely; b) afterburner; c) accessory; d) continue; e)de-
velopment; f) industrial; g) want; h) already; i)consortium;
j) privately; k) commercial.

in. .OTMeTpTe, KaKHe IHapsl 00pa3ylOT CHHOHHMBI:
a) use a) require
b) account for b) aim
c) involve c) utilize
d) collaboration d) explain
e) goal e) cooperation
f) need f) include

FiatAvio Takes a New Turn
1. FiatAvio is definitely moving towards civil engines in 1990’s.
At present, governmental engine orders account for some 60% of
sales, civil engines repersent 30% and. industrial gas turbines
used for electrical power generation have the remaining 10%.
2« FiatAvio continues to build components under licence from
Rools -Royce. It has a similar agreement with General Electric.
In Eurojet, the consortium building the EJ200 fox* the European
Fighter Aircraft (EFA), in which Italy has a 21% share, FiatAvio
is resposible for design and construction of the low-pressure
turbine and shaft, afterburner and accessory gearbox of this en-
gine.
3. As regards commercial engines, FiatAvio has a long history
of collaboration with General .Electric and Pratt & Whitneyo
FiatAvio’s 5% share in the General Electric CF-80G invplvgs ma-
nufacture of the accessory gearbox and low-pressure turbine
nozzles and. discsollts respective 4% and 2% shares in Pratt
Whitney’s PW2037/40 and PW4000 engines again include the acces-

sory gearbox.
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4. FiatAvio also has a 6% share in the International Aero En-
gines (IAE) V 2500 program, which in its initial versions ir-
volves assign, development ana. production of the accessory gear-
box ana exhaust cone. FiatAvio is also involved in the Light
Helicopter Turbine Engine Company T800 program being pursued

by Allison and Garrett.

5. A speciality of FiatAvio has long been helicopter gearboxes.
The Company is now designing and will build a new 13,000SHP
Transmission for the CH-53 Super Stallion undate program, under
subcontract to Sikorsky.

6. FiatAvio’s goal over the coming years is to increase its par-
ticipation in the high-technology part of programs concerning
new civil engines. It is now time to become more involved in
small engines, while FiatAvio doesn’t exclude development of the
IAE V2500 family.

7. FiatAvio sces a need for a modern turbofen in the 10,0001b -
thrust class to power the new range of 50-passenger regional
jets. This type has a bright future and FiatAvio wants to be
part of ity

8. FiatAvio is already fortunate to belong to a financially
strong and privately held group well used to the industrial de-
cision-making process..Until now, the company has been content
to be a relatively minor player in world engine business,-but

it looks as if it is ready to fight for a bigger share.

IV. BubepuTe Hamubonee NOOXOIAWMI 3aT0JIOBOK K ab3auy 8:
a)FiatAvio’s components under Rolls-Royce licence.
b)FiatAvio’s helicopter gearboxes.

c)FiatAvio - a minor player in world engine business.
d)FiatAvio is in need of a modern turbofan class.

V. VHakuTe, Kakmue U3 CJIEOyOLMX YTBEPXIEHUM COOTBETCTBYOT CO-
IepMaHMD TeKCTa:

1. a) FiatAvio's task over the coming years is to design a new
13,000SH? transmission for the CH-53 Super Stallion up-
date program.

b/FiatAvio’s goal over the coming years is to move towards
civil engines in 1990’s.
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c)FiatAvio’s purpose over the coming years is to increase
its participation in the high-technology part of pro-
grams concerning new civil engines.

2). a) A speciality of FiatAzvio has long been components under
licence from General Electric.
b) A speciality of FiatAvio has long been low-pressure tur-
bine nozzles and discs.
c) A speciality of FiatAvio has long been helicopter
gearboxes.

vi.Hasoeure HoMep ab3ala, B KOTOPOM BhH HalOETe OTBETH Ha
BOIPOCHL:

1. lo muueH3uy xaxkoy GupMel dMaTABMO NPOIOIKaeT paszpabaTHBaThb
KOMIIOHEHTH IBUTATEeJen?

2. 3 kxakoM HampaBjeHun OyneT paboraTh Gupma OmaTABro B 90-e
TOIEI?

3. 3a xakuM camojérom dupmer dmaTABMO Oynymee?

4. B compyxecTBe C Kakou dupmor OuaTABMO pas3pabaThHBAeT BCIOMO-
TaTeNbHE PEeOYKTOP M BHXJIONHOE COIIO?

VII. IlepeBennTe NOMUCbMEHHO TEKCT "BAe IOOO Business Airliner"
C .IIOMOWBK CJIOBApPS (KOHTPOJILHEM NEepeBon) .

BAe HOOO Business Airliner
1. The British Aerospace 125 business jet has had a long and,
in many ways, remarkable career. The first Series 1 machine, .
fitted with Rolls-Royce turbojets, had a maximum, weight of
20,0001b and a range of 1,110m.tr. The eleventh production ver-
sion (including the three major turbofan-retrofit versions of
earlier series) is the SOO-fitted with Garrett TFF, 731 turbo«
fans, weighing in at a maximum 27,300 1b and with a range under
the same conditions of 3,000n.m« BAe wanted the new aeroplane
in service no later than 1991« The Series 300 was approaching
six years of age, and other products such as the Dassault
Falcon 2000 were looming.
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2. ,n alternative might have seemed to be the General Elect-
ric Garrett CEE 73S, but that engine was growing even as it
was designed, and turned out to be too big for the 125. P & VY
Oanade produced the PW 305 turbofan, a modem, fuel-efficient
engine using derivative, rather than creakthrough, technology.
3. The PW305 in this first production application is a 4,5:1
bypass ratio two-shaft turbofan with a four-stage axial, single
stage HP turbine, and a three-stage LP turbine. The core has a
pressure ratio of 15:1, and the first two compressor .stages
have variable guide vane3. It develops 5,2001b static thrust
at sea level and has a claimed specific fuel consumption of
0.6751b st/h at 4Q,000ft at Liach 0,8. That should give the
1000 fuel burn of just 1,165 Ib/h.

4. The engines will be fitted with thrust reversers as stan-
dard reverse thrust is an option, on the 800. The 1000 will fly
initially without the thrust reversers, but with dummy cowls.
The new engine is considerably heavier than the Garrett. The
extra weight, and different pick-up points, demanded a comple-
tely different pylon design, although the fuselage structure to
which the pylon is attached is largely unchanged. The engines
are installed with 2° of toe-out, end the thrust reversers are
tilted at 10° above the horizontal.

UNIT 9

I, IlpocMmoTpuTe CcieayloIiue CJI0Ba, OHU NMOMOTYT BaM B paboTe Hax
TeKOTOM "New A ircraft, New Engine"¢

combat - GoeBoif; attempt- meiTtaTbcsi(nmpoboBaTe); be under way-

Bectu pabory (3m.); facilities - obGopymoBanme; set up - no-

cTpoeHo(31.); integrity - IEIOCTHOCTH, impose - Hanararth
(mpuKIagbIBATH); airfoil shape - a’poamnamuyeckuit npoduip
(koundurypanus); flat-rated - nmockuit (mo pacuéry); drop -
majgarhb ; ambient - okpyxaromuii; ¢sustain - HOAAEPNKUBATH (BbI-
nepxuBath)*orbex - BHXpB; multi-mission capability - Bo3-
MOKHOCTb COBEpIICHHS MHOrHMX HolI&ToB; silicon carbide - kapbupg
KpPEeMHHUS; carbon - yruepon.

IT. Kakme cmoBa 00pa3yloT TEpMHHOJIOTHYECKHE CIOBOCOYECTAHHUSA:
a) combat a) technology.'
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b) full-scale b)temperature

c) supersonic c)ratio -

d) test d)acceleration
e)transonic e)velocity

f) bypass f)facilities
g) ambient g)development
h) advanced h) aircraft

New A ircraft, New Engine

1. The one thing more difficult than designing an advanced new
combat aircraft, is to design an equally advanced, new engine
for ity But this is what India is attempting to do.

2. »York on various versions of the GIX engine - the GIX - 37.
turbojet, GTX-37 U3 turbofan - have been way now for over five
years. The design stage of the GTX-35 VS is over, and it is in
full-scale development»

3. Extensive test facilities have been set up, including a
6,000KW multi-stage compressor test facility and various air
supply facilities, as well as a high mass-flow, high-pressure
unity There are also numerous component test facilities. A
ferris wheel facility was set to test the integrity of the en-
gine compressor disc, in which blade centrifugal loads are im-
posed on the disc while keeping it stationary under test»

4. The GTX-35 VS has three-stage LP(low pressure) compressor
with a fan pressure ratio of 3.22:1 and five-stage wide-chord
high-flow transonic HF (high pressure) compressor with variable
stators, a pressure ratio of 6»5:1 and efficiency of 0.85. Over-
all pressure ratio is thus 21:1. Furthermore new airfoil shapes
have helped to improve blade tip efficiency at supersonic air
velocities relative to the rotor.

5. The single-stage HP turbinals heavily loaded, with an imp-
ressive turbine loading factor of 1.90 and an efficiency of 0»85.
6. A mixed-flow, fully-modulated low-bypass ratio augmented-
type afterburner has been selected for the GTX-35VS.It will have
a fully-variable exhaust nozzle, even in the dry mode.

7» Designed to operate under +30°C conditions, the engine is
flat-rated to restore the performance, which drops at such high
ambient temperatures,’ by varying the maximum cycle temerature.
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i-.- Agh pressur ratxo and low bypass ratio ?.ead to high, re-
heat -hrust and. wedez .9 low dry specific fuel consumption.
These will help 0 meet suci performance requirements as high
specific excess pov/o . sust..ined urn rate and transonic accele-
ration at artifact-'.

8 A further 20/ thrust increase has ;.so been built into the
design of the GTI-35VS. Among the changes required would be a
new combustor with vortex-controlled diffuser and advanced
colling.

9% The GTX-35VS is expected to be ths first of a family of new
advanced-technology engines. There could also bb further deve-
lopments of ths basic GTX-35VS. These engines would have very
high thrust/weight ratios, end b.ige specific thrust, giving their
aircraft multi~m.LSsion capability. Exotic, very-high-tempera-
ture materials like silicon carbide and carbon composites arc
likely to be used.

i1l. HammxrTe ¥ bOpeBennTe TpOmArax/ B KOTOPHX COIepXaTcsa
OTBETa HAa BOIPOCH:
What is India trying to do in the sphere of engine designing?
2. What has helped the GT7.-35 VS to improve blade tip efficiency
at supersonic velocities?
3. Per what purpose was’a fsrris wheel facility set up?
4« Is the GTX-35 VS expected to be the first of a family o*f new
advanced-teehnolngy engines?
5. The GTX-35 VS will have a fully-'Varlable exhausted nozzle,
won’t it?

1Y . BuOepuTe NpPaBMUIIbLHEN OTBET B COOTBETCTBUM C COAEpPXaHMEM
TeKCTa:

1}Pixrther developments of the basic GTX-35 VS would have very
low thrust/weight ratios.

2) The design stage of the GIX-35 VS is over, and it is in full-
scale development.

3) The GTX-35 VS has a two-stage IP compressor with a fan pressure
ratio of 2.21:1.

4) The GTX-35 VS is rated to produce a minimum 768 lb thrust
carbon at 2101°P turbine inlet temperature.
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5) The GTX-35 VS meets such performance requirements as hig«
specific excess power, sustained turn rate and transonic ac-
cederation at altitude,,

a) it is right; b) it is wrong; c¢) it is not mentioned in the
texto

V. IlepeBeanTe NHCBMEHHO TEKCT "The F109" ¢ nomouipto
cioBapsi (KOHTPOJIBHBIA HEPEBO).

The PIO9 (Garret Turbine Engine/Allison)
1. The P109 engine design for a jet trainer has a sea level
thrust of 1330 1b, specific weight of 426 Ib,and an S£C (spe-
cific fuel consumption) of 0.392 at 1976°P turbine inlet tem-
perature«, It has ar. emergency rating so that if the plane loses
one engine on takeoff it can still climb out on a hot day from
a 5000-ft altitude airfield. Under those conditions, the engine
is rated to produce a minimum 768 1b thrust with en SSG of
0.543 at 2101°]? turbine inlet temperature.
2.It’s a twin spool engine design with a counter-rotating shaft
system. The outer shaft, to which a turbofan is attached, pow-
ers a 2-stage low pressure turbine. The inner high-pressure core
consists of a 2-stage centrifugal compressor, annular reverse
flow combustor, and 2-stage high-pressure turbine. Both the sta-
tor and 1st stage turbine blades are air cooled: air comes up
through the fir tree, into internal passages, and then after
passing through the blades is discharged from the blade tips
into the engine flow.
3. Overall, the F109 engine is 44in..long, 22in. wide (at the
front) and 28in. high. The LP (low pressure) shaft turns at
16,000 rp.m. and the HP (high pressure) shaft at 45,000 rpm.
According to the project, it represents a considerable advance
(in performance) over the engines used in the current T-37 jet
trainer - with 30% lower SFG and an estimated 4.25 man - hrs
per flight hour maintenance level versus 6.5 man - hrs for the
present engine.
4. The design life goal for cold section components is 18,000b.
and for hot section components 9,000hr. Ones the engines go in-
to operational service, the program calls for every tenth air-
craft to have a recorder to monitor the system and see if the
engine is operating as it’s supposed to.
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