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U n it I 
COMPRESSORS

B e fo r e  y o u  B e g in

I. Have you ever m et th e  term  “C om pressor” in  techn ical 
litera tu re?  C an you suggest a  definition? W hat sphere  of application 
do you th in k  it m ay concern?

II. B ra insto rm  all possible te rm s rela ted  to the  topic.

c o m p r e s s o r s

R e a d in g

I. In  th e  text, find definitions of :
a) -com pressor efficiency 

-axial flow com pressor 
-centrifugal flow com pressor 
-centrifugal-axial-flow  com pressor 
-stage
-rotor b lades 
-s ta to r vanes
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b) try  to define the  m eaning  of the  term  “com pression  ratio” a s
you u n d e rs ta n d  it.

II. Skim  th e  tex t an d  try  to explain the  m ean ing  of m arked  w ords 
from  the  context.

III. Read th e  tex t an d  w rite o u t th e  w ords an d  w ord com binations 
you don ’t  know, try  to guess  th e ir m eaning  from  the  context. Com ­
pare  your n o tes  w ith  your p a rtn e rs .

C om pressors

The role of the  com pressor in  a  gas 
tu rb in e  engine is  to provide a  m axim um  
of h igh -p ressu re  a ir w hich  can  be h ea ted  
in  th e  lim ited volum e of th e  com bustion  
cham ber a n d  th e n  expanded th ro u g h  the  
tu rb ine . The energy th a t  can  be released  

in  the  com bustion  cham ber is  p roportional to the  m ass  of a ir co n ­
sum ed; therefore the  com pressor is  one of the  m ost im portan t com ­
p o n en ts  of th e  g as  tu rb in e  engine since its  efficient operation  (maxi­
m um  com pression  w ith  m in im um  tem p era tu re  rise) is the  key to h igh 
overall engine perform ance. The com pressor efficiency will determ ine 
th e  power n ecessary  to create  the  p re ssu re  rise of a  given airflow an d  
will affect th e  tem p era tu re  change w hich  can  take  place in  th e  com ­
b u stio n  cham ber. P resent-day  com pressors have com pression ra tio s 
approaching 15:1, efficiencies n ea r 90 percent, a n d  airflows u p  to 
approxim ately 350 lb / s . (158,8 kg /s).

W ith th e  addition  of a  fan, to ta l p re ssu re  ratio  of 25:1 an d  m ass  
airflows of over 1000 lb / s  (453,6 kg /s) have been  achieved.

Types o f  C om pressors

All gas tu rb in e  engines u se  one of the  following form s of com pres­
sors:
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1. Axial flow.
2. Centrifugal flow.
The centrifugal-axial-flow  com pressor is a  com bination  of the  two, 

w ith  operating  charac te ris tic s  of both.

The Axial-Flow Com pressors

The axial-flow com pressor is m ade u p  of a  ser ies  of rotating air­
foils called ro tor b lades a n d  a  sta tionary  se t of airfoils called s ta to r 
vanes. As its  nam e im plies, the  a ir is being com pressed  in  a  d irection 
parallel to th e  axis of the  engine. A row  of ro ta ting  a n d  s ta tionary  
b lades is called a  stage. The en tire  com pressor is  m ade u p  of a  series 
of a lte rna ting  ro tor an d  s ta to r vane stages. Some axial-flow designs 
have two or m ore com pressors or spools w hich are  driven by separate  
tu rb in e s  a n d  are  therefore free to ro ta te  a t different speeds.

Axial com pressors have th e  advantage of being capable to very 
h igh com pression ra tio s  w ith  relatively h igh  efficiencies.

In addition, the  sm all frontal a re a  c rea ted  by th is  type of com pres­
sor len d s itse lf to in sta lla tion  in  h igh-speed  aircraft. U nfortunately  
th e  delica te  blading, especially tow ard  th e  rear, m akes th is  type of 
air p um p  especially su scep tib le  to foreign object dam age. F u rth e r­
m ore, the  n u m b er of com pressor b lades a n d  s ta to r v anes  (which can  
ex ceed  1000 in  a  large je t  engine), th e  c lo se  fits  requ ired  for efficient 
a ir pum ping, a n d  the  m u ch  narrow er range of possib le operating 
conditions, m ake th is  type of com pressor very complex an d  very ex­
pensive to m anufactu re . M odern m anufactu ring  techn iques  are 
bringing down th e  cost for sm all axial-flow com pressors. For these  
rea so n s  th e  axial-flow design finds its  g rea tes t application  w here the  
d em ands of efficiency a n d  o u tp u t predom inate considerations of 
cost, sim plicity, flex ib ility  of operation, etc. Most m an u fac tu re rs  u til­
ize several dodges to increase  flexibility an d  to im prove the  operating 
charac te ris tics  of th e  axial-flow com pressor.

5



P o s t  R e a d in g

I. a) Fill in  the  d iagram  according to the  con ten t of the  text.

/ A
c o m p r e s s o r s

Efficiency Charac
teristics

Types 
of compres­

sors

/ A A

b) Make a  d iagram  for th e  p a rt  of th e  tex t w here axial-flow com ­
p resso rs  are  described  Fill it in. S hare  th e  inform ation w ith  your 
partner.

II. a) Find the  E nglish equivalen ts to th e  following w ords an d  word 
com binations in  the  text:

Работа; степень сж атия; осевой компрессор; центробеж ны й ком ­
прессор; аэродинам ическая поверхность; лопасть; комплект ло­
паток; ступень; к аскад  (компрессора); ф ронтальная поверхность; 
насос; нагнетание; повреж дение; сечение; сниж ать; приспособ­
ляемость; полный; перемеж аю щ ийся; ограниченны й объём; упот­
ребляемый воздух; повлияет н а  изм енение тем пературы ; как  
следует из названия; плотная посадка  деталей; более узкий 
диапазон; сниж аю т стоимость; требования эф ф ективности .

6
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III. Com plete the  following sen tences  u sing  th e  ideas from  th e  text.

1. The role of the com pressor in  a  gas turb ine engine is to provide ...
2. The com pressor efficiency will determ ine ...
3. The com pressor efficiency will affect th e  tem p era tu re  ...
4. The centrifugal-axial-flow  com pressor is a  ...
5. The air in  th e  axial-flow com pressor is  being com pressed  in  a  

direction ...
6. The en tire  com pressor is m ade u p  of ...
7. Spools are  driven by ...
8 . Axial com pressors have th e  advantage o f ...
9. The sm all frontal a re a  of axial-flow com pressor lends itse lf to ...
10. ... m ake axial-flow com pressor very complex an d  very expen­

sive to m anufactu re .
11. Axial-flow design finds its  g rea tes t application ...

III. Explain the  difference betw een ro ta ting  a n d  sta tionary  blades.

IV. T ransla te  the  following sen ten ces  into English a n d  answ er 
them  according to the  con ten t of the  text.

1. Почему компрессор является одним из наиболее важ ны х 
компонентов газотурбинных двигателей?

2. Что определяет КПД ком прессора?
3. Что назы вается ступенью ком прессора?
4. Из чего состоит компрессор?
5. Какими преимущ ествами и недостаткам и обладает осевой 

компрессор?
6. Что делает осевой компрессор сложным и дорогостоящ им в 

изготовлении?
7. Где осевой компрессор находит наибольш ее прим енение?

L an g u a g e  in  U se

I. F ind the  R ussian  equivalen ts to the  w ords from  colum n a) from  
th e  w ords from  colum n b)
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a) b)
Since Влиять
Key Приблизительно
Affect Весь
Approxim ately Особенно
Addition Чередую щ ийся
Entire Сравнительно
A lternating Конструкция
Design Поэтому
Therefore Преимущество
Advantage К сожалению
Relatively Добавление
U nfortunately Ключ
Especially Поскольку
furtherm ore Более того

II. Find p a irs  of synonym s am ong the  words.

whole
to useto set free

modem besides

overall

to consume
to release

in addition
present-day

III. Use the  prepositions in  the  oval to com plete the  sen tences  in  
th e  text. T ransla te  the  tex t w ith  the  help  of a  d ictionary in  w ritten.

8
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Axial-flow com pressors are  dynam ic ro ta ting  com pressors th a t  
u se  a rray s  ... fan-like airfoils to progressively com press the  w orking 
fluid. They are u sed  w here there  is a  requ irem en t ... a  h igh  flows or a  
com pact design. The a rray s  ... airfoils are se t ... rows, u sua lly  as  
pairs: one ro ta ting  a n d  one sta tionary . The ro ta ting  airfoils, also 
know n a s  b lades or rotors, accelerate th e  fluid. The sta tionary  airfoils, 
also know n a s  a  stators  or vanes, tu rn  an d  decelerate the  fluid; 
p reparing  a n d  redirecting the  flow ... th e  ro tor b lades ... th e  nex t 
stage. Axial com pressors are  a lm ost alw ays m ulti-staged , ... th e  
cross-sectional a re a  ... th e  g as  passage  dim inishing along the  
com pressor to m ain ta in  a n  optim um  axial M ach n u m b er. Beyond 
ab o u t 5 s tages or a  4:1 design p re ssu re  ratio , variable geom etry is 
norm ally u se d  to im prove operation.

IV. Find p a irs  of an tonym s am ong th e  words.

expansionmaximum
under

wide
frontrotating

complexity

input minimum

narrow
output

over simplicity

compression
rear

stationary

V. Fill in  the  gaps w ith  th e  su itab le  derivative of the  w ord given in  
b rackets , u se  the  suffixes in  th e  oval. T ransla te  the  text, define the  
m ain  idea  of it in  one ph rase .
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с: -ing; -ly; -ed; -al; -ab le

Axial com pressors rely on _______ (to spin) b lades th a t  have
aerofoil sections, sim ilar to aeroplane wings. As w ith  aeroplane wings 
in  som e conditions th e  b lades can  stall. If th is  h appens, the  airflow
a ro u n d  t h e _______ (to stall) com pressor can  reverse d ire c tio n _______
(violent). E ach  design of a  com pressor h a s  a n  _______  (to associate)
operating m ap  of airflow v e rsu s  _______ (to rotate) speed for
charac te ris tic s  peculiar to th a t  type.

At a  given th ro ttle  condition, th e  com pressor opera tes som ew here
along the  steady  s ta te  ru n n in g  line. U nfortunately, th is  _______ (to
operate) line is  d isplaced du ring  tran s ien ts . M any com pressors are
fitted  w ith an ti-sta ll system s in  the  form  of bleed b a n d s  o r _______ (to
vary) geom etry s ta to rs  to decrease the  likelihood of surge. A nother 
m ethod  is to split th e  com pressor into two or m ore u n its , operating 
on  sep ara te  concentric  shafts.

VI. M atch w ords in  A w ith th e ir definitions in  В an d  u se  them  in  
your own sentences.

A В
1. lim ited 1. to becom e larger in  size a n d  filling 

m ore space
2 . to determ ine 2 . to u se  a  supp ly  of sm th  su c h  as  

tim e, energy, or fuel
3. efficiency 3. n o t together
4. to expand 4. all or every p a r t of sm th
5. to release 5. Able to do sm th
6 . to consum e 6 . the  p rocess of p u tting  a  new  sys­

tem  or piece of equ ipm ent in  its  place 
an d  m aking  it ready  for u se

7. se t 7. the  ability to m ake changes or to 
deal w ith  a  s itu a tio n  th a t  is changing

8 . separa te 8 . to have m ore power, influence,or 
im portance th e n  o ther th ings

9. to ro ta te 9. n o t allowed to go above a  p a rticu ­
lar num ber, am ount, or level
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10. entire 10. sm th  th a t  can  be easily dam aged 
or b roken

11. capable 11. easily influenced or affected by 
sm th

12. in sta lla tion 12. the  ability to w ork well an d  pro­
duce good resu lts

13. flexibility 13. ad ju stm en t
14. delicate 14. m aking  a  gas or liquid move into 

or o u t of sm th
15. fit 15. to control or to officially decide 

sm th
16. pum ping 16. a  d ishonest or clever way to 

avoid doing sm th  u n p leasen t
17. to p redom inate 17. to move in  a  circle a ro u n d  a  fixed 

cen tra l point
18. susceptib le 18. a  g roup of th ings
19. dodge 19. to let sm th  leave a  place where 

they  have been  kept

VII. T ransla te  the  following sen tences. Pay special a tten tio n  to the  
m arked  words. Give your own explanation  of them .

1. A nother design consid eration  in  axial-flow com pressor 
m anu factu ring  is  the  average stage loading.

2. This can  be k ep t a t  a  sen sib le  level e ither by increasing  the  
nu m b er of com pression  stages (more w eight/cost) or th e  m ean  blade 
speed  (more b la d e /d isc  stress).

3. A lthough large flow com pressors are  usua lly  all-axial, th e  rear 
s tages on sm aller u n its  a re  too sm all to  be robust.

4. C onsequently , th ese  stages are  often replaced by a  single 
centrifugal un it.

5. Very sm all flow com pressors often employ two centrifugal 
com pressors, connected  in  series.

6 . A lthough in  iso la tion  centrifugal com pressors are  capable of 
ru n n in g  a t quite h igh  p ressu re  ra tio s  (e.g. 10:1), im peller s tre ss  
considerations lim it the  p ressu re  ratio  th a t  can  be em p loyed  in  h igh 
overall p re ssu re  ratio  engine cycles.
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S p e a k in g

Here is  the  d iagram  illu s tra ted  th e  m ain  types of gas com pressors. 
Choose one of the  types a n d  m ake a  sh o rt report for your group 
m ates  could com pare the  perfo rm ances an d  sphere  of their 
application.

V ane

L iqu id  R ing Scro l l

S c re wLo be

C ent r i fuga l

S ing le -Ac t ing D oub le -A c t ing

D ia p h ra g m

R ec ip ro ca t in g Rotary

C o m p r e s s o r T y p e s

P o s i t i v e  D is p la c e m e n t D yn a m ic

W ritin g

Sum m arize th e  inform ation given in  the  tex t “C om pressors”. Use 
th e  key-patterns.

< 3

As the  title im plies the  article describes...
The article deals  w ith ...
The tex t is  of in te res t to ...
It is  spoken  in  detail a b o u t...
It shou ld  be s tre ssed  th a t . ..
A m en tion  shou ld  be m ade th a t . ..
The tex t is  of g rea t help  to ...
The difference betw een the  te rm s ... a n d ... shou ld  be 
stressed .
It is  n o ted ...
It is  d isc u sse d ...

J >
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U n it II 
T h e C entrifugal-F low  C om p ressors  

B e fo r e  y o u  B e g in

I. W rite these  w ords in  the  correct group.

impeller; manifold; rim; ruggedness; shock-wave; stage; single; 
m ultiple; p lenum  cham ber; double-entry; excessively, a ttribu te; 
rapid; inefficient; diffuser, conversion, gas tu rb ine , chief; m as­

sive; shock; centrifugal; m ultiple-stage; simplicity; flexibility

II. Scan  the  tex t to find m ain  com ponents a n d  ch a rac te ris tcs  of a  
centrifugal-flow  com pressor. Check if your p red ic tons were correct. 
Put them  down.

R e a d in g

I. Read the  tex t a n d  w rite a  brief head ing  for each  parag raph .

II. Fill in  th e  d iagram  w ith m issing  inform ation from  th e  text.
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C o m p re s s o rs

C om ponents

Types

C haracteris tics

A dvantages

D isadvantages

A pplication

T h e  C e n tr ifu g a l-F lo w  C o m p r e sso r

The centrifugal com pressor consists  basically  of a n  im peller a n d  a  
diffuser m anifold. O ther com ponents su c h  a s  com pressor m anifold 
m ay be added  to direct th e  com pressed  air into the  com bustion  
cham ber. As the  im peller revolves a t h igh speed, a ir is d raw n in  a t the  
eye. C entrifugal force provides high acceleration to th is  a ir an d  
c a u ses  it to move ou tw ard  from  th e  axis of ro ta tion  tow ard th e  rim  of 
the  ro tor w here it is  ejected a t h igh  velocity a n d  high kinetic energy.
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The p ressu re  rise  is p roduced  in  p a r t  by expansion  of th e  a ir in  the  
diffuser m anifold by conversion of the  k inetic  energy of m otion into 
sta tic  p re ssu re  energy.

The centrifugal com pressors can  be m an u fac tu red  in  a  variety of 
designs including single-stage, m ultip le-stage, an d  double-sided 
types. The centrifugal com pressor h a s  a  nu m b er of fea tu res  to rec­
om m end its  u se  in  certa in  types of g as  tu rb in e  engines. Chief am ong 
its  a ttr ib u te s  are  its  sim plicity, ruggedness, a n d  low cost. B ecause of 
its  m assive construction , it is m u ch  less  suscep tib le  to dam age from 
th e  injection of foreign objects. The centrifugal com pressor is  capable 
to relatively h igh com pressor ratio  per stage. Above 80 percen t effi­
ciency m ay be reached  w ith  a  com pression  ratio  of 6 or 7 to 1. Above 
th is  ratio , efficiency d rops off a t a  rap id  ra te  because  of excessively 
h igh im peller tip  speeds an d  a ttend ing  shock-w ave form ation. This 
ru le s  o u t th is  type of com pressor for u se  in  larger engines since high 
com pression  ra tio s  are necessary  for low fuel consum ption . Some 
centrifugal-flow  engines ob tain  som ew hat h igher ra tio s  th ro u g h  the  
u se  of m ultistage com pressors. A lthough the  tip  speed  problem  is re ­
duced, efficiency is  again  lost because  of the  difficulty in  tu rn in g  the  
air a s  it p a sse s  from  one stage to ano ther. D ouble-entry com pressors 
also help to solve the  h igh-tip-speed  problem s, b u t th is  advantage is 
partially  offset by the  com plications in  engine design necessary  to get 
air to the  rea r im peller, a n d  by th e  requ irem en t of a  large p lenum  or 
air cham ber, w here the  a ir from  th e  in let d u c t is b rough t to a  slower 
speed  for efficient direction change an d  h igher p ressu res . The p lenum  
cham ber ac ts  a s  a  diffuser by w hich m ean s  the  rea r im peller can  re ­
ceive its  air.

B ecause of the  problem s in h eren t in  th is  type of design the  cen­
trifugal com pressor finds its  g rea tes t application  on th e  sm aller en ­
gines, w here sim plicity, flexibility of operation  a n d  ruggedness are  the  
principle requ irem en ts ra th e r  th a n  sm all frontal area, a n d  ability to 
hand le  h igh  air flows an d  p re ssu re s  w ith  low loss of efficiency.
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P o s t-R e a d in g

I. M atch these  English w ords w ith  their R ussian  equivalents:

im peller, m anifold, to d raw  in, rim , rugged­
ness, ingestion, shock-w ave, stage, single, 
m ultiple, p lenum  cham ber, to direct, to re ­
volve, eye, to cause , outw ard, tow ard, in  
tu rn , expansion, conversion, feature , chief, 
a ttribu te , susceptib le, dam age, capable, to 
drop off, tip, a ttend ing , to ru le  out, to ob­
ta in , partially , offset, inheren t, ra th e r  th an , 
to hand le

а  не, рабочее колесо, к ам ер а  сгорания, 
подверж енны й, расш ирение, признак, 
повреж дение, ударн ая  волна, единст­
венны й, превращ ение, способный, и з­
вне, достигать, частично, отверстие, 
исклю чать, управлять, кром ка, к, в 
свою очередь, заставлять, ступень, 
втягивать, прочность, засасы вание, 
направлять, вращ ать, компенсировать, 
м нож ественны й, присущ ий, свойство, 
кончик, главный, сниж ать, трубопро­
вод, присутствие, а  не

II. M atch verbs from  the  tex t w ith  th e ir definitions.

- to p u t  sm th  w ith  an o th er th ing  or group of th ings
- to m ake goods in  large q u an titie s  in  a  factory
- to deliberately let sm th  fall
- to ba lance  th e  effect of sm th , w ith  th e  re su lt th a t  th ere  is no ad ­

vantage or d isadvantage
- to stop  considering sm th  a s  a  possibility
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III. Com plete the  following sen tences  u sing  th e  ideas from  th e  text.

1. The centrifugal com pressor consists  basically  of ...
2. The p re ssu re  rise is  p roduced  in  p a rt  by ...
3. The centrifugal com pressors can  be m an u fac tu red  in  a  variety

of designs including  ...
4. B ecause of its  m assive construction , it is  m u ch  less  susceptib le  

to ...
5. ... m ay be reached  w ith a  com pression  ra tion  of 6 or 7 to 1.
6 . High com pression  ra tio s  are  necessary  for ...
7. A lthough the  tip  speed problem  is  reduced , efficiency is again  

lost b ecause  of ...
8 . ... help  to solve the  h igh-tip-speed  problem s.
9. The p lenum  cham ber a c ts  a s  ...
10. The centrifugal com pressor finds its  g rea tes t application  on...

IV. Rearrange the  w ords to m ake a  m eaningful sen tence.

1. Acceleration force to move ro ta tion  ou tw ard  centrifugal high 
from  provides th is  to an d  air the  axis ca u se s  it of.

2. Conversion the  p ressu re  kinetic  energy of m otion p a r t into of 
th e  a ir s ta tic  rise  energy is p roduced  by expansion  in  by p ressu re  into 
th e  diffuser in  manifold.

3. Is ratio  to relatively centrifugal stage com pressor the  capable 
h igh per com pressor.

V. M atch p a rts  of th e  sen tences  in  co lum ns A an d  B.

A В
1. The p lenum  cham ber ac ts  
a s  a  diffuser

its  sim plicity, ruggedness, an d  low 
cost.

2. Above ratio  of 80 percent, 
efficiency

since h igh  com pression ra tio s  are 
n ecessary  for low fuel consum ption.

3. Chief am ong its  a ttr ib u te s  
are

the  difficulty in  tu rn in g  the  a ir a s  it 
p a sse s  from  one stage to ano ther.

4. This ru le s  o u t th is  type of 
com pressor for u se  in  larger 
engines

by w hich  m ean s the  rea r im peller 
can  receive its  air.

5. Efficiency is  again  lost be­
cause  of

d rops off a t  a  rap id  ra te  because  of 
excessively h igh  im peller tip  speeds 
a n d  a ttend ing  shock-w ave form a­
tion.
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VI. a) Answer the  following questions.

1. W hat does a  centrifugal com pressor consist of?
2. W hat does centrifugal force provide?
3. W hat is the  p re ssu re  rise p roduced  by?
4. W hat types of design of a  centrifugal com pressor exist?
5. W hat are  the  advan tages of a  centrifugal com pressor?
6 . W hy is  a  centrifugal com pressor m u ch  less suscep tib le  to dam ­

age from  foreign object?
7. W hen does the  efficiency drop off a t  a  rap id  ra te?
8 . By m ean s of w h a t do som e centrifugal-flow  com pressors ob tain  

h igher ratios?

b) T hink of 3 m ore questions to the  text.

VII. Retell the  text.

L an g u a g e  in  U se

I. Find p a irs  of synonym s am ong the  words.

edge, speed, m ainly, a  
n u m b er of, produce, m ain, 

quick, get\ \
\

basically, velocity, rim , 
m anufactu re , variety of, 

rap id , obtain, chief
/

II. F ind the  an tonym s am ong th e  words.

low, less, rear, slow 
outw ord, inlet, abov 

efficient

inw ard, m ore, below 
front, outlet, quick, ii 

efficient, high
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Ill, a) M atch th e  adjectives w ith  th e ir definitions.

1. k in etic 1. m ain  or m ost im portan t
2. s ta t ic 2 . very large or heavy
3. certa in 3. relating  to, caused  by, or pro­

ducing  m ovem ent
4 . c h ie f 4. happening , moving, or acting 

quickly
5. m assive 5. a t th e  back  of sm th
6 . rapid 6 . n o t m oving or changable
7. rear 7. th is  quality  is basic  or e ssen ­

tia l featu re  th a t  gives sm th  its  
charac te r

8. inheren t 8 . having no d oub t th a t  sm th  is 
tru e

b) Reproduce the  context w here they  are  used.

IV. Fill in  the  gaps u sing  the  w ords from  the  oval. Mind, there  is 
one ex tra  word! T ransla te  the  sen tences  in to  R ussian .

includes, a n  increase, form s, 
th rough , convert, 

incom pressible, con trast, deal, 
experience, g reater

1. C entrifugal com pressor, (som etim es referred  to a s  rad ia l 
com pressors) are  a  special c lass  of radial-flow  w ork-absorbing
tu rbom ach inery  th a t  _________  pum ps, fans, blow ers an d
com pressors.

2. The earliest _________  of th ese  dynam ic tu rb o m ach in es  were
pum ps, fan s  an d  blowers.

3. W hat d ifferentiates these  early tu rb o m ach in es  from
com pressors is th a t  the  w orking fluid can  be considered _________
th u s  perm itting  accu ra te  analysis th ro u g h  B ernoulli's equation.
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4. In con trast, m odern  centrifugal com pressors are h igher in  
speed  a n d  analysis m u s t __________ w ith  com pressible flow.

5. For p u rp o ses  of definition, centrifugal com pressors often have 
density  in c re a s e s  th a n  5 percent.

6 . Also, they  o f te n __________ relative fluid velocities above M ach
0.3 w hen the  w orking fluid is  a ir or nitrogen.

7. In  __________, fan s  or blow ers are  often considered to have
density  increases  of less th a n  5 percen t an d  peak  relative fluid 
velocities below M ach 0.3

8 . In  a n  idealized sense, the  dynam ic com pressor achieves a  
p re ssu re  rise by adding  kinetic-energy/velocity  to a  con tinuous flow 
of f lu id __________the  ro tor or impeller.

9. T his kinetic  energy is  th e n  converted to __________  in  s ta tic
p re ssu re  by slowing th e  flow th ro u g h  a  diffuser.

V. Use the  prepositions in  th e  oval to com plete the  sen ten ces  in  
th e  text. T ransla te  the  text.

С to, th roughou t, w ithout, of, in, 
with, into

C entrifugal com pressors are  u se d  _______ in d u stry  because  they
have fewer rubb ing  p a rts , are relatively energy efficient, an d  give 
h igher airflow th a n  a  sim ilarly sized reciprocating  com pressor (i.e. 
positive-displacem ent). Their prim ary  draw back  is th a t  they  canno t
achieve the  h igh  com pression  ratio  reciprocating c o m p re sso rs_______
m ultip le stages. C entrifugal fan /b low ers  are m ore su ited  _______
con tinuous-du ty  applications su c h  a s  ventilation  fans, a ir m overs,
cooling u n its , a n d  o ther u se s  th a t  require h igh  v o lu m e _______ little
or no p re ssu re  increase. _______  con trast, m ulti-stage centrifugal
com pressors often achieve d ischarge p re ssu re s  of 8 ,000  _______
10,000 p si (59 MPa to 69MPa). One exam ple _______ a n  application
_______  centrifugal com pressors is their u se  _______ re-injecting
n a tu ra l g as  b a c k _______ oil fields to increase  oil production.
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VI. Fill in  the  gaps w ith  the  su itab le  derivative of the  w ord given in
brackets. T ransla te  th e  sen tences.

-ing, -ly, -tion , -able, -ment, -en ce , -ic, -ance, -al

O p e r a tin g  l im it s

M any cen trifuga l c o m p resso rs  have one or m ore of th e  following 
(to  operate) lim its:

• M inim um  O perating Speed  - th e  m in im um  speed  for (to  
accep t) opera tion , below  th is  va lue  th e  com presso r m ay  be 
con tro lled  to  s to p  or go in to  a n  "Idle" condition .

• M axim um  (to allow ) Speed  - th e  m ax im um  o p era tin g  speed  
for th e  com presso r. Beyond th is  va lue  s tre s se s  m ay  rise  above 
p re sc rib ed  lim its  a n d  ro to r v ib ra tio n s  m ay  in c re ase  rapidly . At 
sp eed s  above th is  level th e  (to equip) will likely becom e very 
d a n g e ro u s  a n d  be con tro lled  to  slow er speeds.

• Stonew all or C hoke - o ccu rs  u n d e r  one of 2 cond itions. 
(Typical) for h igh  speed  equ ipm en t, a s  flow in c re a se s  th e  velocity 
of th e  g a s /f lu id  c a n  a p p ro a c h  th e  g a s /f lu id 's  son ic  speed  
som ew here w ith in  th e  com presso r stage. T h is  (to  lo ca te ) Omay 
o ccur a t  th e  im peller in le t "throat" or a t  th e  van ed  d iffuser in le t 
"throat". In  m o st cases , it is  genera lly  n o t (detrim ent) to  th e  
com presso r. For low speed  equ ipm en t, a s  flows in crease , lo sse s  
in c re ase  s u c h  th a t  th e  p re s s u re  ra tio  d ro p s  to  1: 1.

• Surge - is  th e  p o in t a t  w h ich  th e  com presso r c a n n o t ad d  
e n o u g h  energy to  overcom e th e  sy stem  (resist). T his c a u se s  a  rap id  
flow rev e rsa l (i.e. surge). As a  re su lt, h ig h  v ib ra tion , te m p e ra tu re  
in c re ase s , a n d  rap id  c h a n g es  in  ax ia l th r u s t  c a n  occur. T hese 
(occur) c a n  dam age th e  ro to r sea ls , ro to r b ea rin g s, th e  com presso r 
d river a n d  cycle opera tion . M ost tu rb o m a c h in e s  a re  designed  to 
easily  w ith s ta n d  (occasion ) su rg ing . However, if th e  tu rb o m a ch in e  
is  forced to  su rg e  rep ea ted ly  for a  long period  of tim e or if th e
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tu rb o m a ch in e  is  poorly designed , re p e a te d  su rg e s  c a n  re s u lt  in  a  
(catastrop h e) failure. Of p a rtic u la r  in te re s t, is  th a t  while 
tu rb o m a c h in e s  m ay  be very d u rab le , th e  c y c le s /p ro c esse s  th a t  they  
a re  u sed  w ith in  can  be far less  robust.

S p e a k in g

W ork in  p a irs  an d  m ake u p  a  dialogue d iscussing  sim ilarities and  
d istinctions of a n  axial-flow com pressor an d  a  centrifugal-flow  one. 
T ouch u p o n  su c h  questions a s  :

- com ponents
- charac te ris tics
- preferences
- d raw backs
- sphere  of application

Use p h ra se s  in  the  box.

9
I quite  agree.
You are  right.
T h a t’s  true.
Absolutely.
No doub t ab o u t it.
T h a t’s  ju s t  w hat I w as th inking. 
I w ish, I could agree b u t . ..
I am  n o t su re  ab o u t it.
I w ouldn’t  say  tha t.
W ould you  say  th a t...?

W ritin g

Sum m arize th e  inform ation given in  the  tex t “C om pressors”. Use 
the  kev-patterns.
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U n it III
C om p ressor S ta ll

B e fo r e  y o u  B e g in

I. Tick the  w ords w hich come to your m ind  w hen  you th in k  of 
s u c h  p a r t of a n  engine a s  “C om pressor”. Add your own w ords and  
expressions. Make the  sen tences  on th e  sub jec t u s in g  a s  m any w ords 
from  th e  list a s  possible.

ller; discharge; airfoil; h  
m anifold; ruggedness; £ 

rifugal; igniter plug; dam 
stion; tu rn ing ; air; comp 

sion  ratio , shaft, s ta ll

II. Try to answ er the  questions before you read  the  text.

1. W hat are  th e  m ost s tre ssed  p a rts  of a  com pressor?
2. W hat problem s m ay be in h eren t to the  com pressor?
3. W hat are  so lu tions for th ese  problem s?

III. Scan  the  tex t an d  check if your p red ictions were correct. 

R e a d in g

I. W hile reading  try  to devide th e  tex t into logical p a rts  an d  m ake 
a  p lan  of the  text.
II. Read the  tex t an d  highHght th e  ideas n o t m entioned  in  the  d is­
cussion.

Since a n  axial-flow com pressor consists  of a  series of a lternately  
ro ta ting  an d  sta tionary  airfoils or wings, th e  sam e ru les  a n d  lim ita ­
t io n s  w hich apply to a n  airfoil will apply to the  en tire  com pressor.

C o m p r e sso r  S ta ll
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The p ictu re  is som ew hat m ore com plicated th a n  in  th e  case for a  s in ­
gle airfoil, because  the  b lades are  close together, an d  each  blade is 
affected a t  the  leading edge by the  passage  th ro u g h  the  a ir of the  
preced ing blade. This “cascade” effect can  be m ore readily u n d e r­
stood if the  airflow th ro u g h  th e  com pressor is  viewed a s  flow th ro u g h  
a  series of d u c ts  form ed by the  individual b lades, ra th e r  th a n  flow 
over a n  airfloil th a t  is generating  lift. The cascade effect is of prim e 
im portance in  determ ining blade design a n d  p lacem ent.

The axial com pressor is  n o t w ithou t i ts  difficulties, an d  the  m ost 
vital of th ese  is th e  s ta ll problem . If for som e reaso n  th e  angle of a t­
tack , i.e., th e  angle a t w hich the  airflow s trik es  th e  ro tor b lades, be­
com es too low, the  p ressu re  zones will be of low value an d  the  airflow 
a n d  com pression will be low. (The angle of a tta ck  shou ld  n o t be co n ­
fused  w ith  the  angle of incidence, w hich is  a  fixed angle determ ined  
by th e  m an u fac tu rer w hen the  com pressor is constructed). If th e  a n ­
gle of a tta ck  is high, th e  p ressu re  zones will be h igh a n d  airflow an d  
com pression  ratio  will be high. If it is  too h igh the  com pressor will 
stall. T h a t is, th e  airflow over the  u p p er foil surface will becom e tubu- 
len t an d  destroy th e  p ressu re  zones. This is, of course, decrease the  
com pression  a n d  airflow. The angle of a tta ck  will vary w ith  engine 
rpm , com pressor in let tem pera tu re , an d  com pressor discharge or 
b u rn e r  p ressu re . D ecreasing th e  velocity of airflow or increasing  en ­
gine ro tor speed  will ten d  to increase  the  angle of a ttack .

In  general, any  action  th a t  decreases airflow relative to engine 
speed  will increase  the  angle of a ttack  a n d  increase  th e  tendency  to 
stall. The decrease in  airflow m ay re su lt from  the  com pressor d is­
charge p ressu re  becom ing too high, for exam ple, from  excessive fuel- 
flow schedu le  during  acceleration . O n com pressor in le t p ressu re  
m ay becom e too low in  respec t to the  com pressor d ischarge p ressu re  
b ecause  of h igh in let tem p era tu re s  a n d  d isto rtion  of in le t air. Several 
o ther ca u se s  are possible.

D uring g round  operation  of th e  engine, th e  prim e action  th a t  
ten d s  to cause  a  s ta ll is  choking. If th e  engine speed  is  decreased  
from  the  design speed, the  com presion ratio  will decrease w ith  the  
lower ro tor velocities. W ith a  decrease in  com pression  the  volum e of 
air in  the  rea r of the  com pressor will be greater. This excess volum e of 
air ca u se s  a  choking action  in  the  rea r of th e  com pressor w ith  a  de­
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crease in  airflow, w hich  in  tu rn  decreases the  air velocity in  th e  front 
of the  com pressor an d  increases  the  tendency  to stall. If no corrective 
design action  is taken , the  front of th e  com pressor will s ta ll a t low 
engine speeds.

A nother im portan t cause of s ta ll is  h igh  com pressor in le t a ir tem ­
pera tu res . H igh-speed aircraft m ay experience a n  in le t a ir tem pera­
tu re  of 250° F (121°C) or h igher because  of ram  effect. These h igh 
tem p era tu re s  cause  low com pression  ra tio s  (due to density  changes) 
an d  will also cause  choking in  th e  rea r  of the  com pressor. T his chok­
ing sta ll condition is  the  sam e a s  th a t  caused  by low com pression  r a ­
tio due to  low engine speeds. High com pressor in le t tem p era tu re s  will 
cause  th e  leng th  of the  airflow vector to becom e longer since the  air 
velocity is directly affected by the  square  root of any  tem pera tu re  
change.

E ach  stage of a  com pressor shou ld  develop th e  sam e p ressu re  ra ­
tio a s  all o ther stages. B u t w hen the  engine is  slowed dow n or the  
com pressor in let tem p era tu re  clim bs, th e  front s tages supply  too 
m u ch  air for the  rea r s tages to handle an d  the  rea r s tages will choke.

P o s t-R e a d in g

I. In  th e  tex t find definitions for the  following term s:

- angle of a ttack
- angle of incidence
- a  choking action

II. Find th e  R ussian  equivalen ts to the  following w ords an d  word
com binations from  th e  text:

-to be affected; to be viewed; to be confused; destroy; discharge; to be 
slowed down; to handle; result from
- leading edge; cascade affect; placement; stall; incidence; schedule; 
prime action; choking; excess volume; ram effect; square root; tendency
- vital; turbulent; relative; excessive
- since; rather than; due to; in general
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III. Complete the following sentences using the ideas from the text.

1. This “cascade” effect can  be m ore readily  u nders tood  if...
2. The angle of a ttack  will vary w ith ...
3. ... will increase  the  angle of a ttack  a n d  increase  the  tendency  to 

stall.
4. If the  engine speed is  decreased  from  the  design speed, the  

com presion ratio  will...
5. H igh-speed aircraft m ay experience...
6 . High com pressor in le t tem p era tu res  will cause  the  leng th  of the  

airflow vector to ...
7. O n com pressor in let p ressu re  m ay becom e too low in  respect 

to...

IV. M atch the  begining of the  sen tence  w ith its  ending u sing  the  
ideas from  the  text.

1. T his “cascade” effect is a) a  fixed angle determ ined  by 
the  m anu factu re  w hen  the  com ­
p resso r is constructed .

2. The angle of a tta ck  is b) the  p ressu re  zones will be 
h igh an d  airflow an d  com pres­
sion ratio  will be high.

3. The angle of incidence is c) will ten d  to increase  the  angle 
of a ttack .

4. If the  angle of a ttack  is high, d) w hich  in  tu rn  decreases the  
air velocity in  the  front of the  
com pressor a n d  increases  the  
tendency  to stall.

5. D ecreasing th e  velocity of 
airflow or increasing  engine ro ­
to r speed

e) th a t  caused  by low com pres­
sion  ratio  due to low engine 
speeds.

6 . The excess volum e of air 
ca u se s  a  choking action  in  the  
rea r  of th e  com pressor w ith  a  
decrease in  airflow,

f) viewed a s  flow th ro u g h  a  se ­
ries of d u c ts  form ed by th e  ind i­
v idual blades.

7. The choking sta ll condition is 
th e  sam e as

g) the  angle a t w hich  th e  airflow 
s trik es  the  ro tor blades.
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V. Explain the  m eaning  of the  w ords m arked  in  the  tex t in
English.

VI. a)Answer th e  following questions according to th e  text.

1. W hat does a n  axial flow com pressor consist of?
2. W hat is a  cascade affect?
3. W hat is th e  vital problem  of a  com pressor?
4. At w h a t conditions does th e  com pressor s ta ll occur?
5. W hat is  th e  prim e action  th a t  ten d s  to cause  a  s ta ll during  

g round  operation?

b) Think  of 4 m ore questions to the  text.

L an g u a g e  in  U se

I. M atch p a irs  of synonym s .

d u c tprecedingentire
apply

velocity bladevary‘d is­
charge

exhaust'in take
inlet

bucke t

whole■previ­
ouschange

nozzle

use
speed
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II. M atch p a irs  of antonym s,

re su lt

leave
bleed

resu lt
fromadm it

utilize

III. Use the  p repositions in  the  oval to com plete the  sen tences  in
th e  text. T ransla te  the  tex t w ith  the  help  of a  d ictionary in  w ritten.

by (2); in  (3); to (2); of (2); 
from(2)within

This charac te ris tic  h a s  been  called b o th  " Surge " an d  " Stall " 
 th e  p a s t , b u t  is m ore properly called SURGE w hen it is re ­
sponse   the  entire  engine. The w ord stall applies th e  action
occurring  a t  each  individual com pressor blade. C om pressor su rge  , 
also called C om pressor sta ll , is  a  phenom enon  w hich is  difficult to
u n d e rs ta n d  b ecause  it is u sua lly  c a u s e d  complex com bination of
facto rs . The basic  cause  of com pressor surge is  fairly sim ple , each
blade  a n  axial flow com pressor is  a  m in ia tu re  a irp lane wing
w hich  , w hen  s u b je c te d  a  h igher angle of a tta ck  , will s ta ll ju s t
a s  a n  a irp lane stalls. Surge m ay define a s  re su lts   a n  u n stab le
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air condition  the  com pressor. The u n s tab le  condition of a ir is
often c a u s e d  air piling u p  th e  rea r s tages of the  com pres­
sor. Surge m ay becom e sufficiently p ronounce to cause  loud bangs 
a n d  engine vibration. In m ost case , th is  condition is  of sh o rt d u ra ­
tion  , a n d  will e ither correct itse lf or can  be c o rre c te d  re ta rd ing
th e  th ro ttle  or power lever to Idle an d  advancing it again  , slowly.

IV. O pen th e  b racke t a n d  form  new  w ords in  u sing  the  suffixes in  
th e  oval. T ransla te  the  text, define the  m ain  idea  of it in  one phrase .

-ing; -ed; -ly; -tion

a) A com pressor sta ll is a n  event w hich can  occur inside the  (to 
work) of a  tu rbo je t or tu rbo fan  engine.

Now, tu rbo je ts  a n d  their ilk con ta in  several se ts  of fans. In  the  
fron tm ost p a rt  of the  engine, th e  fans  are  p a r t  of w hat is  called the  
com pressor stage, because  they  com press (to income) air into the  
com bustion  cham bers  of the  engine beh ind  them . So, a t the  front of 
every je t  engine you  can  clearly see a  c ircu lar b laded  fan.

b) E ach blade of the  fan  is, in  fact, a  little tiny  airfoil (to design) to 
convert horizontal (to rotate) energy into perpend icu lar kinetic  force - 
th e  force th a t  p u sh e s  th e  a ir into the  engine. If you  need  to know  how  
th is  w orks, find your local fan  an d  exam ine it (careful). In order for 
th is  to work, th e  leading edge of the  fan  m u s t be 'hitting ' the  air 
w ith in  a  range of p roper angles of a ttack . O utside th a t  range, the  fan  
b lade 's  shape  is incorrect for th e  purpose, an d  the  fan  b lades will 
stop  p u sh in g  air, even th o u g h  they 're  spinning. W hen th is  happens, 
b ad  th in g s escalate. The airflow in to  the  com bustion  cham ber is 
(dram atical) reduced , leading to a  (to reduce)in  th ru s t. At w orst, it 
m ay m ean  flam e o u t a s  the  engine is starved  for air.
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V. Fill in  the  gaps u sing  th e  w ords from  the  oval. Mind, there  is
one ex tra  word! T ransla te  the  sen tences  in to  R ussian .

С  transform ation ; identified; 
processor; detecting; sensor; 

creation

A m ethod  of  onse t of a  g as  tu rb in e  condition, su c h  a s  com ­
p resso r stall, includes receiving d a ta  indicative of a n  operating p a ­
ram eter of a  com pressor of th e  g as  tu rb ine . The m ethod also includes 
perform ing a  w avelet transfo rm ation  on th e  d a ta  to genera te  wavelet 
transfo rm ed  data . The wavelet  is configured to affect a  p rocess­
ing characteris tic  regard ing  a  perform ance of the  w avelet tran sfo rm a­
tion. F ea tu res  indicative of onset of th e  g as  tu rb in e  condition in  the  
wavelet transfo rm ed  d a ta  are  th en

  to provide a n  ind ication  for controlling the  gas tu rb in e  to
preven t com pressor s ta ll from  occurring. A system  for detecting onset
of com pressor s ta ll in  a  g as  tu rb in e  includes a  _____  for providing
d a ta  indicative of a n  operating  pa ram ete r of the  com pressor an d  a  
 for perform ing a  wavelet tran sfo rm  on the  d a ta  to identify fea­
tu re s  of the  optim ized w avelet transfo rm ed  d a ta  indicative of onse t of 
stall.

W riting

Sum m arize the  inform ation  given in  the  tex t “O peration of the  
com bustion  cham ber”. Use the  key-patterns.
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U n it IV
O peration  o f  th e  C om b u stion  C ham ber

B e fo r e  y o u  B e g in

I. Look a t  the  p ictu re  an d  say  w hat m ain  com ponents a  gas- 
tu rb in e  engine consists  of. Try to pred ict w hat role a  com bustion  
cham ber perform s in  a n  engine.

TURBINEFUEL SPRAY IGNITER

AIR INTAKE

NOZZLECOMPRESSOR COMBUSTION CHAMBER

II. S can  th e  tex t to find the  function  of the  com bustion  cham ber. 
C heck if your p red ic tions were correct. Put them  down.

Reading

I. Divide the  tex t in to  parag raphs. Give a  title for each  one . Choose 
th e  key w ords of each  p a r t an d  define th e  m ain  po in t of it in  one 
phrase .
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II. a) While read ing  m ake a  graphic rep resen ta tion  of th e  text.

C om bustion
system

O p e ra tio n  o f  t h e  C o m b u stio n  C h am b er

Fuel is in troduced  a t the  front end  of th e  b u rn e r  in  e ither a  highly 
atom ized sp ray  from specially designed nozzles, or in  a  prevaporized 
form from  devices called vaporizing tubes. Air flows in  a ro u n d  the  fuel 
nozzle an d  th ro u g h  the  first row  of com bustion  air ho les in  th e  liner. 
The b u rn e r  geom etry is su c h  th a t  the  a ir n e a r th e  nozzle s tay s  close 
to the  front wall of the  liner for coo lin g  an d  clean in g  pu rposes, while 
the  air en tering  th ro u g h  opposing liner holes m ixes rapidly w ith  the  
fuel to form a  com bustib le m ixture. A dditional air is  in troduced  
th ro u g h  the  rem aining air ho les in  the  liner. The air en tering  the  for­
w ard  section of the  liner ten d s  to recircu late an d  move u p s tream  
aga in st th e  fuel spray. D uring com bustion  th is  action  perm its rap id  
m ixing a n d  prevents flame blow out by form ing a  low-velocity stab ili­
zation zone w hich ac ts  a s  a  co n tinuous pilo t for the  re s t of the  
bu rn er. The air en tering  the  dow nstream  p a rt of th e  liner provides the  
correct m ix ture  for com bustion , an d  it c rea tes  th e  in tense  tu rbu lence  
th a t  is  necessary  for m ixing th e  fuel an d  air an d  for transferring en­
ergy from the  b u rn ed  to th e  u n b u rn e d  gases. Since th ere  are only two 
igniter p lugs in  a n  engine, c ross ignition tu b e s  are necessary  in  the  
can -a n n u la r  types of b u rn e rs  in  order th a t  b u rn in g  m ay be in itia ted  
in  th e  o ther can s  or inner liners. The igniter p lug is u sua lly  located in  
the  u p s tream  reverse-flow region of the  bu rner. After ignition, the  
flame quickly spreads to the  p rim ary  or com bustion  zone w here there  
is approxim ately the  correct p roportion  of air to com pletely b u rn  the 
fuel. If all th e  a ir flowing th ro u g h  the  engine were m ixed w ith  the  fuel 
a t th is  point, th e  m ixture  w ould be ou tsid e  th e  com bustib le lim its for 
the  fuels norm ally used . Therefore only ab o u t one-th ird  to one-half is
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allowed to en te r th e  com bustion  zone of the  bu rner. A bout 25 percen t 
of the  a ir actually  tak es  place in  the  com bustion  process. The gases 
th a t  re su lt from  com bustion  have tem p era tu re s  of 3560°F (1900°C). 
Before en tering  th e  tu rb in e  the  gases  m u s t be cooled to approxi­
m ately h a lf  th is  value, w hich  is  determ ined  by the  design of th e  tu r ­
bine an d  the  m aterials involved . Cooling is done by dilu ting th e  ho t 
gases  w ith  secondary  air th a t  en te rs  th ro u g h  a  se t of relatively large 
holes located  tow ard the  rea r of the  liner. The liner w alls m u s t also be 
p ro tected  from  the  h igh  tem p era tu re  of com bustion. This is u sua lly  
accom plished by in troducing air a t several s ta tio n s  along th e  liner, 
thereby  form ing a n  in su la ted  b lan k e t betw een th e  h o t gases  a n d  the  
m eta l walls.

P o s t-R e a d in g

I. M atch p a rts  of th e  sen tences  in  co lum ns A a n d  B.

A В
1. Fuel is in troduced  a t the  
front end  of the  b u rn e r  in  ei­
th er

1. m u s t also be p ro tected  from  the  
h igh  tem p era tu re  of com bustion.

2. Before en tering  the  tu rb ine  
the  gases

2 . the  prim ary  or com bustion  zone 
w here there  is  approxim ately the  
correct p roportion  of air to com ­
pletely b u rn  th e  fuel.

3.The liner w alls 3. the  first row  of com bustion  air 
ho les in  the  liner.

4. After ignition, th e  flame 
quickly sp read s  to

4. th e  rem ain ing  air ho les in  the  
liner.

5. Air flows in  a ro u n d  the  fuel 
nozzle an d  th ro u g h

5. m u s t be cooled to approxi­
m ately  h a lf  th is  value, w hich is 
determ ined  by th e  design of the  
tu rb in e  a n d  th e  m ateria ls  in ­
volved.

6 . Additional air is  in troduced  
th ro u g h

6 ._ a  highly atom ized sp ray  from 
specially designed nozzles, or in  a  
prevaporized form  from  devices 
called vaporizing tubes.
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II. a) Give the  R ussian  equivalen ts to the  w ords an d  w ord com bi­
n a tio n s  from  th e  text.

Front end; e ither... or; atom ized; p re ­
vaporized; air flow; fuel nozzles; holes; liner; 
cooling an d  cleaning purposes; rapidly; com ­
bustib le  m ixture; to in troduce; to tend; u p ­
stream ; to prevent; flam e blowout; low- 
velocity stab ilization  zone; to transfer; igniter 
plug; cross-ignition tubes; bu rner; to initiate;^ 
reverse-flow region; to spread; completely; a t 
th is  point; com bustib le lim its; to tak e  place; 
to determ ine; m ateria ls  involved; diluting; to 
protect; to accom plish; a n  in su la ted  b lanke t

b) Reproduce the  context.

III. Agree or disagree w ith  the  sta tem en ts . C orrect th e  w rong ones.

1. Fuel is  in troduced  a t the  rea r end  of the  b u rn e r  in  e ither a  
highly atom ized sp ray  from  specially designed nozzles.

2. Air flows in  a ro u n d  the  fuel nozzle an d  th ro u g h  the  la s t row  of 
com bustion  air ho les in  the  liner.

3. Highly p ressu rized  gas is in troduced  th ro u g h  the  rem ain ing  air 
ho les in  the  liner.

4. D uring com bustion  th is  action  perm its  slow m ixing an d  p re ­
ven ts  flam e blow out by form ing a  low-velocity stab ilization  zone.
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5. The air en tering  the  dow nstream  p a r t of th e  liner provides the  
correct m ix ture for com bustion.

6 . Since there  is only one igniter p lug in  a n  engine, c ross ignition 
tu b es  are  n o t necessary  in  th e  can -a n n u la r  types of b u rn e rs  in  order 
th a t  b u rn in g  m ay be in itia ted  in  the  o ther c a n s  or inner liners.

7. The igniter p lug is u sua lly  located  in  the  dow nstream  reverse- 
flow region of the  bu rner.

8 . If all th e  a ir flowing th ro u g h  th e  engine were m ixed w ith  the  
fuel a t th is  point, th e  m ixture  w ould be inside th e  com bustib le lim its 
for the  fuels norm ally used .

9. Before en tering  the  tu rb in e  the  gases  m u s t be cooled to a p ­
proxim ately one th ird  th is  value.

10. The liner w alls m u s t also be p ro tected  from  th e  h igh tem pera ­
tu re  of com bustion.

IV. Try to g u ess  an d  explain  the  m eaning  of m arked  w ords in  the  
tex t from  the  content.

V. a) Answer th e  following questions.

1. How is the  fuel in troduced  to the  com bustion  cham ber?
2. W hat is th e  b u rn e r  geom etry?
3. W hat is a  com bustib le m ixture?
4. How is a  flam e blow out prevented?
5. W hat is tu rb u len ce  n ecessary  for?
6 . How m any  igniter p lugs in  the  com bustion  cham ber?
7. W here are  igniter p lugs located?
8 . W hen w ould the  com bustib le m ixture be ou tside th e  lim its?

b) T hink  of th ree  m ore questions an d  write them  down.

VI. Retell the  text.

L an g u a g e  in  U se

I. Find p a irs  of synonym s am ong the  words.
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begin

II. F ind th e  an tonym s am ong th e  words.

forw ard u p stream
front u n ­

b urnedinner outside

secondary beforeresu lt
from rea r

back­
w ard

ou terdow n­
stream inside

b u rn edresu lt
in

prim aryafter

III. alF ind w ords in  th e  tex t th a t  m ean:

1. A narrow  p a rt a t  the  end  of a  tu b e  th ro u g h  w hich  liquid flows.
2. An occasion w hen  a  flam e sudden ly  s to p s  to blow.
3. S udden  violent m ovem ents of air or w ater.
4. M aking a  liquid less  strong  by adding  w ater or an o th er liquid.
5. A th ick  layer of som ething.
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IV. Use th e  prepositions in  th e  oval to com plete th e  sen tences  in
th e  text. T ransla te  th e  tex t w ith the  help  of a  dictionary  in  w ritten.

at, in, th rough , of, for, to, 
th rough , from

C o m b u stio n  c h a m b e r  GE J 7 9

Flam e fron ts generally t r a v e l  ju s t  M ach 0.05, w hereas a ir­
flows  je t  engines are considerably  faster th a n  th is. C om bustors
typically employ s tru c tu re s  to give a  sheltered  (закрытая) com bustion  
zone called a  flam e ho lder. C om bustor configurations include can, 
a n n u la r, an d  can -annu lar.

G reat care m u s t be tak e n  to keep th e  flam e b u r n in g  a  m od­
erately fast m oving a irstream , a t all th ro ttle  conditions, a s  efficiently 
a s  possible. Since the  tu rb ine  canno t w ith stan d  stoichiom etric tem ­
p e ra tu re s  (a m ix tu re  ratio  of a ro u n d  15:1), s o m e  the  com pres­
sor air is  u se d  to quench  th e  exit tem p era tu re  of the  com bustor to an
acceptable level (an overall m ix ture ratio  _____  betw een 45:1 and
130:1 is  used.) Air u s e d  com bustion  is  considered to be prim ary
airflow, while excess a ir u se d  _____  cooling is  called secondary  a ir­
flow. The secondary  airflow is  p o r te d  m any  sm all h o le s  the
b u rn e r  can s  to create a  b la n k e t  cooler air to in su la te  th e  m etal
su rfaces of the  com bustion  can  _____ th e  flame. If the  m etal were
s u b je c te d  the  direct flam e for any  leng th  of tim e, it w ould even­
tually  b u rn  th rough .

V. a) Collocate th e  w ords in  th e  table.

A В
1. atom ized blow out
2 . vaporizing zone
3. cooling tu rbu lence
4. com bustible tube
5. flam e plug
6 . stabilization spray
7. in tense region
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8 . igniter involved
9. reverse-flow m ixture
10. m ateria ls air
11. secondary purpose
12. in su la ted b lanket

b) Make u p  sen ten ces  w ith th ese  w ord com binations in  w ritten.

VI. Fill in  th e  gaps u sing  the  w ords from  the  oval. Mind, there  is 
one ex tra  word! T ransla te  the  tex t into R ussian  in  w ritten.

С  nozzle, liner, s tream s, th ru s t, 
m anifold, spark , injector, 

atom izer

Also know n a s  a  firing chamber, th e  cham ber of a  rocket engine in  
w hich th e  fuel an d  the  oxidizer b u rn  to produce h igh p ressu re  gas
expelled from the  engine ____  to provide th ru s t. To begin with, the
fuel an d  oxidizer p a s s  (separate) th ro u g h  a  complex ____  in  w hich
each  com ponent is b roken  dow n into sm aller an d  sm aller f lo w  ,
in  th e  sam e way th a t  a rte rie s  in  the  body divide into increasingly 
sm all capillaries. T hen  the  p ropellan ts are  in jected  into the  com bus­
tion  cham ber v ia t h e  -  a  p late  a t the  top of th e  cham ber w hich
tak e s  the  sm all flow s tream s an d  forces th em  th ro u g h  a n  . The
pu rpose  of th e  injector is  to m ix the  fuel an d  oxidizer m olecules a s  
thoroughly  an d  evenly a s  possible. Once m ixed, th e  fuel an d  oxidizer 
are  ignited by the  in tense  h e a t inside th e  cham ber. To s ta r t  th e  com ­
bustion , a n  ignition source  (such  a s  a n  e le c tr ic  ) m ay be needed.
Alternatively, som e p ropellan ts  are hypergolic -  they  spon taneously  
com bust on  con tac t -  an d  do n o t need  a n  ignition source.

VII. T ransla te  the  following sen tences. Pay special a tten tio n  to the  
m arked  words. Give your own explanation  of them .

Incom plete com bustion  (a s ta te  in  w hich n o t all th e  fuel in  the  
com bustion  cham ber burns) m ay re su lt from  inadequate cham ber 
design, or it m ay be deliberately  designed in to  the  system  so th a t  the
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u n b u rn e d  fuel ac ts  a s  a  cham ber coolant. Generally, incom plete 
com bustion  is  in d ica tive  of a  system  n o t functioning efficiently.

C om bustion  cham ber is  a  space over, or in  front of, a  boiler 
fu rnace  w here the  gases  from  the  fire becom e m ore thoroughly m ixed 
a n d  b u rn t. The clearance sp ace  in  the  cylinder of a n  in te rn a l com ­
b u stio n  engine is com p ressed  a n d  ignited.

Speaking

W ork in  p a irs  an d  m ake a  dialogue d iscussing  th e  operation  of the  
com bustion  cham ber on su c h  points:

- in troducing  of fuel
- a ir c ircu lation
- m ixing th e  fuel a n d  th e  air
- ignition
- re su lta n t gases
- pro tection  from  high  tem p era tu re  of com bustion
Use th e  p h rase s  below

GL

)
• The poin t is . ..
• It seem s to m e ...
• As far a s  I know ...
• I am  sure . (I am  no t 

sure)
• I w ouldn’t  say  th a t . ..
• O n the  co n tra ry ...

W r it i n g

Sum m arize the  inform ation given in  the  tex t “O peration of the  
com bustion  cham ber”. Use th e  key-patterns.
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U n it V 
In le t D u cts

Before you  Begin

I. Read the  tex t a n d  render its  id ea  in  R ussian . Try to g u ess  w hat 
th e  term  “Inlet D ucts” m eans.

Pilot in tak es  are  th e  dom inan t type for subson ic  applications. A 
subson ic  pilot in let is little m ore th a n  a  tu b e  w ith  a n  aerodynam ic 
fairing (обтекатель) a ro u n d  it.

At zero airspeed, air app roaches the  in take  from  a  m u ltitude  of di­
rections: from  directly ahead , radially, or even from  beh ind  the  p lane 
of th e  in take  lip.

At low airspeeds, the  s tream  tu b e  approaching  th e  lip is  larger in  
cross-section  th a n  th e  lip flow area, w hereas a t the  in take  design 
flight M ach n u m b er the  two flow a reas  are  equal. At h igh  flight 
speeds the  stream  tu b e  is  sm aller, w ith  excess a ir spilling (распыле­
ние) over the  lip.

Beginning a ro u n d  M ach 0.85, shock  w aves can  occur a s  th e  air 
accelera tes th ro u g h  th e  in take  th roat.

Careful rad iu sing  of the  lip region is  requ ired  to optim ize in take  
p re ssu re  recovery (and distortion) th ro u g h o u t the  flight envelope.

II. Scan  th e  text an d  sp eak  ab o u t the  2 m ain  classification of inlet
ducts.

R eading

I. In the  text, find definitions o f :
- the  d u c t p ressu re  efficiency ratio
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- th e  ram  recovery poin t
- a  bellm outh  inlet

II. Skim  th e  tex t a n d  try  to explain th e  m eaning  of m arked  w ords 
from  th e  con ten t of th e  text.

I n le t  D u c ts
The in let d uc t is m ade by the  aircraft m anu factu rer. D uring flight 

operations it becom es very im portan t to th e  overall je t  engine p e r­
form ance, an d  will greatly influence je t  engine th ru s t  ou tpu t. The 
faster the  a irp lane goes, the  m ore critica l th e  d uc t design becom es. 
Engine th ru s t  can  be h igh  only if th e  in let d uc t supp lies  the  engine 
w ith  the  requ ired  airflow a t the  h ighest possib le p ressu re .

The in le t d u c t m u s t operate from s ta t ic  g round  ru n  u p  to high 
aircraft M ach n u m b ers  w ith  a  h igh d u c t efficiency a t  all a ltitudes, a t­
titudes , a n d  flight speeds. To com pound th e  problem , th e  am o u n t of 
a ir requ ired  by a  tu rbo je t engine is approxim ately 10 tim es or m ore 
th a n  th a t  of a  p iston  engine of com parable size.

Inlet d u c ts  shou ld  be a s  s tra ig h t a n d  sm o o th  a s  possible, an d  
shou ld  be designed in  su c h  a  way th a t  the  boundary  layer air (a layer 
of still, dead  air lying nex t to the  surface) be held  to the  m inim um . 
The length, shape, an d  p lacem ent of th e  d u c t is  determ ined  to a  g rea t 
ex ten t by the  location of the  engine in  th e  aircraft.

Not only m u s t the  d u c t be large to supp ly  the  proper airflow, b u t 
it m u s t be sh ap ed  correctly to deliver th e  a ir to the  front of the  com ­
p resso r w ith  a n  even  p ressu re  d istribu tion . Poor a ir p re ssu re  and  
velocity d istribu tion  a t the  front of the  com pressor m ay re su lt in  
com pressor stall.

A nother prim ary  ta sk  a  d u c t m u s t do du ring  flight operation  is  to 
convert th e  kinetic  energy of the  rapidly m oving in let s tream  into  a  
ram  p ressu re  rise inside the  duct. To do th is  it m u s t be sh ap ed  so 
th a t  the  ram  velocity is slowly an d  sm oothly decreasing, while the  
ram  p ressu re  is slowly an d  sm oothly rising.

Inlet d u c ts  are  rated in  two ways: the  d u c t p ressu re  efficiency r a ­
tio an d  the  ram  recovery point. The d u c t p ressu re  efficiency ratio  is 
defined a s  th e  ability of th e  d u c t to convert the  kinetic  or dynam ic 
p re ssu re  energy a t th e  in let of the  d u c t into s ta tic  p re ssu re  energy a t 
th e  in let of the  com pressor w ithou t a  loss in  to ta l p ressu re . It will

41



have a  h igh value of 98 pe rcen t if the  friction loss is low an d  if the  
p re ssu re  rise is accom plished w ith sm all losses. The ram  recovery 
poin t is th a t  a ircraft speed  a t w hich  the  ram  p ressu re  rise is  equal to 
th e  friction p ressu re  losses, or th a t  a irspeed  a t  w hich th e  com pressor 
in le t to ta l p ressu re  is  equal to the  ou tside am bient air p ressu re . A 
good subson ic  d u c t will have a  low ram  recovery poin t (about 160 
m p h  (280km /h)).

Inlet d u c ts  m ay be divided in to  two b road  categories: subson ic  
d u c ts  an d  superson ic  ducts.

It is  in teresting  to note th a t  th e  engine m an u fac tu re rs  ra te  their 
engines u sing  a  be llm outh  inlet. T his type of in le t is  essen tia lly  a  
bell-shaped  funnel having carefully ro unded  shou lders, w hich  offer 
practically  no air resistance. The d u c t loss is  so sm all th a t  it is  con­
sidered  zero, an d  all engine perform ance d a ta  can  be ga thered  w ith­
o u t any  correction for in le t d u c t loss being necessary . Normal d uc t 
inefficiencies m ay cause  th ru s t  losses of 5 percen t or m ore b ecause  a  
decrease in  d u c t efficiency of 1 percen t will decrease airflow 1 p e r­
cent, decrease je t  velocity У2 percen t, an d  re su lt in  1 У2 percen t th ru s t  
loss. The decrease in  je t  velocity occurs b ecause  it is  necessary  to in ­
c rease th e  a re a  of th e  je t  nozzle in  order to  keep the  tu rb in e  tem ­
p e ra tu re  w ith in  lim its w hen  d u c t losses occur.

Post Reading

I. a) Fill in  the  d iagram  according to th e  con ten t of the  tex t

Inlet
D ucts

Role O pera­ C harac­ Configu­ Types
tion teristics ration

VV
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b) Divide th e  tex t into logical p a rts  a n d  give the  title for each  one.

II. F ind the  English equivalen ts to th e  following w ords an d  word 
com binations in  th e  text:

Уязвимый; обеспечивает; неподвиж ны й; число Маха; положе­
ние; чтобы реш ить; сравним ы й размер; ровный; таки м  спосо­
бом; пограничны й слой воздуха; быть сведённым; в значитель­
ной мере; доставлять; распределение; привести; срыв 
компрессора; основная задача; скоростной поток; плавно; ха­
рактеризую тся; то ч ка  восстановления скоростного потока; по­
теря; трение; равен; внеш ний; воронкообразны й; по существу; 
сопротивление; исправление; для того, чтобы; в допустимых 
пределах

III. Com plete the  following sen tences  u sing  th e  ideas from  th e  text.

1. The faster th e  a irp lane goes, the  m ore critical... .
2. The in le t d u c t m u s t operate from  . . . .
3. The length , shape, an d  p lacem ent of the  d uc t is  determ ined  . . . .
4. Inlet d u c t m u s t be sh ap ed  correctly to deliver the  air to ... .
5. Inlet d u c ts  are  ra ted  in  two w ays . . . .
6 . The ram  recovery poin t is  ... .
7. It is in teresting  to note th a t  th e  engine m an u fac tu re rs  ra te  their 
engines . . . .
8 . Normal d u c t inefficiencies m ay cause  . . . .
9. The decrease in  je t  velocity occurs . . . .

III. Explain w h a t a  te rm  “bellm outh  in let” m eans.

IV. Choose the  one sen tence  th a t  b e s t keeps the  con ten t of the  
text.

V. a) Answer th e  following questions:

1. W hat is the  significance of the  in le t duct?
2. In  w hat conditions m u s t th e  in let d u c t operate?
3. How is  the  in le t d uc t to be designed?
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4. W here does the  in let d u c t deliver the  air?
5. W hat is  one of th e  prim ary  ta s k s  of th e  in let duct?
6 . How are  in let d u c ts  rated?
7. Into w hat categories m ay in let d u c ts  be divided?

b) Think  of th ree  m ore questions a n d  write them  down. 

L an g u a g e  in  U se

I. F ind the  R ussian  equivalen ts to th e  w ords from  colum n a) from 
th e  w ords from  colum n b)

A В
1. approxim ately 1. для того, чтобы
2 . com parable size 2 . приблизительно
3. in  su c h  a  way 3. соизмеримый разм ер
4. re su lt in 4. вы сокое значение
5. h igh  value 5. вы зы вать
6 . to be equal to 6 . таки м  образом
7. offer resis tance 7. в определённых пределах
8 . w ithou t any  correction 8 . приводить к
9. cause 9. оказы вать сопротивление
10. in  order to 10. быть равны м  чему-либо
11. w ith in  lim its 11. без каких-либо поправок

II. Find p a irs  of synonym s am ong the  words.

( ------------------------------------------------------------- N
occur; convert; duct; a ttitude;
am ount; shape; extent; loca­
tion; determ ine; correct 

ч_________________ .__________________/
/ •  N

right; define; tak e  place; t ra n s ­
form; nozzle; p lacem ent; de­
gree; position; form; value 

--------------------------------------------------
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III. Find p a irs  of an tonym s am ong the  words.

supersonic; increase; inlet; 
prim ary; inside; with; re su lt in

outlet; secondary; outside; 
w ithout; decrease; subsonic; 
re su lt from

IV. a) M atch the  verbs w ith  th e ir definitions.

A В
1. to influence 1. to provide som eone or sm th  

w ith  sm th  th a t  they  need  or w ant
2 . to com pound 2 . to change from  one system , 

use , or m ethod  to ano ther
3. to supply 3. to consider th a t  sm th  h a s  a  

p a rticu la r quality  or h a s  achieved 
a  p a rticu la r s ta n d a rd  or level

4. to convert 4. to succeed  in  doing sm th , e s­
pecially sm th  th a t  you  have been  
trying for a  long period of tim e

5. to ra te 5. to affect sm th  h ap p en s
6 . to accom plish 6 . to m ake a  problem  or difficult 

s itu a tio n  worse

b) Reproduce the  context w here they  are  used.

V. Fill in  th e  gaps u sing  the  w ords from  the  oval. Mind, there  is 
one ex tra  word! T ransla te  the  tex t in to  R ussian  in  w ritten.

increase; 
supersonic; subsonic; 
decrease; shockwaves; 

minimize;

45



Air in tak e (Inlet) — The s ta n d a rd  reference fram e for a  je t  engine
is  the  aircraft itself. F o r _______aircraft, th e  a ir in take  to a  je t  engine
p rese n ts  no special difficulties, an d  consists  essentially  of a n  opening
w hich is designed to _______drag, a s  w ith  any  o ther aircraft
com ponent. However, th e  air reach ing  the  com pressor of a  norm al je t
engine m u s t be travelling below the  speed  of sound , even f o r _______
aircraft, to s u s ta in  the  flow m echan ics of the  com pressor an d  tu rb ine
blades. At superson ic  flight s p e e d s ,_______ form  in  the  in take  system
a n d  reduce the  recovered p re ssu re  a t  in let to the  com pressor. So 
som e superson ic  in tak es  u se  devices, su c h  a s  a  cone or ram p, to
_______p ressu re  recovery, by m aking  m ore efficient u se  of th e  shock
wave system .

VI. Use the  p repositions in  the  box to com plete the  sen tences  in  
th e  text. T ransla te  the  tex t in  w ritten.

to; of; for; into; th roughout; on; from; u n til

There are  basically  two form s of shock  waves:
1) Normal shock  w aves lie p e rp e n d ic u la r  the  d ire c tio n _____

th e  flow. These form  sh a rp  fron ts  an d  shock  th e  f lo w   subson ic
speeds. M icroscopically th e  a ir m olecules s m a s h   th e  subson ic
c ro w d   m olecules like a lp h a  ra y s . Normal shock  w aves ten d  to
cause  a  large drop in  s tag n a tio n  p re s su re . Basically, th e  h igher the
superson ic  en try  M ach n u m b e r  a  norm al shock  wave, the  lower
th e  subson ic  exit M ach n u m b er a n d  the  stronger the  shock  (i.e. the  
g rea ter th e  loss in  s tagna tion  p ressu re  acro ss the  shock  wave).

2) Conical (3-dim ensional) an d  oblique shock  w aves are angled
rearw ards, like th e  bow w a v e  a  sh ip  or boat, a n d  r a d ia te  a
flow d istu rbance  su c h  a s  a  cone or a  r a m p .   a  given in let M ach
num ber, they  are  w eaker th a n  the  equivalent norm al shock  wave and,
although  th e  flow slows down, it rem ains  s u p e rs o n ic   . Conical
an d  oblique shock  w aves tu rn  th e  flow, w hich con tinues  in  th e  new  
d ire c tio n , an o th e r flow d istu rbance  is  encoun tered  dow nstream .

VII. Fill in  the  gaps w ith the  su itab le  derivative of th e  w ord given 
in  brackets. T ransla te  th e  tex t in  w ritten.
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-у, -tion, -al, -ed

More advanced  superson ic  in tak es  are  designed to have a  norm al 
shock  in  the  ducting  dow nstream  of in take  lip, so th a t  th e  flow a t 
c o m p resso r/fan  en try  is alw ays subsonic . However, if th e  engine is
th ro ttled  back, there  is a  (to reduce) in  th e  -------  (to
correct) airflow of th e  LP com presso r/fan , b u t (at superson ic  
conditions) th e  corrected  airflow a t  th e  in take  lip rem ains  constan t, 
because  it is determ ined  by the  flight M ach n u m b er an d  in take
incidence/yaw . T h is _______ (d iscontinue) is overcome by the  norm al
shock  moving to a  lo w e r_______ (cross-section ) a re a  in  th e  ducting,
to decrease th e  M ach n u m b er a t en try  to the  shockwave. This 
w eakens the  shockwave, im proving th e  overall in take  p ressu re
_______ (recover). So, th e  abso lu te  airflow s tay s  constan t, w hilst the
corrected  airflow a t com pressor en try  falls (because of a  h igher en try  
p ressure). Excess in take  airflow m ay also be dum ped  overboard or 
in to  the  e x h au st system , to preven t th e  con ical/ob lique shock  w aves 
being d istu rb ed  by the  no rm al shock  being forced too far forw ard by 
engine throttling.

S p e a k in g

W ork in  p a irs  a n d  com pare the  subson ic  an d  superson ic  d u c ts
from  the  po in t of view of th e ir cha rac te ris tic s  an d  configuration. Use
th e  p h ra se s  below:

Pr As far a s  I know
- I’d  like to tell you
- I’d  like to add
- It’s  quite  righ t
- It’s  quite  on th e  con trary
- If I’m  n o t m istakend

W riting

Sum m arize th e  inform ation given in  th e  tex t “Inlet D ucts”. Use the
kev-patterns.
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U n it VI 
T urbine (Part I)

B efo re  y o u  B e g in

I. D iscuss the  following questions w ith  your peer.

1. C an  you  give any  explanation  of th e  term  tu rb ine?
2. W hat are  its  m ain  com ponents?
3. How m any  types of tu rb in e s  are  produced? W hat are  they?

II. Choose the  su itab le  title for the  text:

1. T urb ine O peration
2. T urb ine C onstruction
3. Types of T urb ines

III. Try to pred ict the  beginning of the  tex t in  accordance w ith  th e  
title you chose.

R e a d in g

Read the  tex t below th e n  answ er w hich  parag raph . A-F. tells  you 
about:

1. Some operations the  b lades undergo  before their operations.
2. W ork a n d  u se  of m ultistage tu rb ines.
3. D istortions in  the  tu rb ine.
4. S hrouded  a n d  u n sh ro u d e d  blades.
5. The tu rb in e  wheel.
6 . The tu rb in e  assem bly.
7. M ethods of cooling the  d isk  an d  the  blades.
8 . A m em ber of com pressors in  th e  tu rb ine.
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The tu rb in e  w heel is one of the  m ost highly s tre ssed  p a rts  of the  
engine. Not only m u s t it operate a t  tem p era tu re s  of approxim ately 
1800°F (982°C), b u t it m u s t do so u n d e r severe centrifugal loads im ­
posed by h igh  ro ta tional speeds of over 60 ,000  rpm  for sm all engines 
to 8 ,000  rpm  for the  larger ones. Consequently , the  engine speed  and  
tu rb in e  in let tem p era tu re  m u s t be accurately  controlled to keep the  
tu rb in e  w ith in  safe operating limits.

The tu rb in e  assem bly  is m ade of two m ain  p a rts , th e  d isk  an d  the  
b lades. The d isk  or w heel is  a  statically  a n d  dynam ically balanced  
u n it  of specially alloyed steel u sua lly  contain ing  large percen tages of 
chrom ium , nickel, an d  cobalt. After forging, th e  d isk  is m ach ined  all 
over a n d  carefully inspected  u sing  X-rays, so u n d  waves, an d  o ther 
inspection  m ethods to a ssu re  s tru c tu ra l integrity. The b lades  or 
b u ck e ts  are  a tta ch e d  to the  d isk  by m ean s  of a  “fir tree” design to al­
low for different ra te s  of expansion  betw een the  d isk  a n d  the  blade 
while still holding the  b lade firmly aga in st centrifugal loads. The 
blade is  kep t from  moving axially e ither by rivets, special locking tab s  
or devices, or ano th er tu rb in e  stage.

Some tu rb in e  b lades are  open a t the  ou ter perim eter, w hereas in  
o th ers  a  sh ro u d  is used . The sh ro u d  ac ts  to prevent b lade-tip  losses 
an d  excessive vibration. D istortion u n d e r h igh loads, w hich  ten d  to 
tw ist the  b lade tow ard low pitch , is  also reduced . The sh ro u d ed  blade 
h a s  a n  aerodynam ic advantage in  th a t  th in n e r  b lade sections can  be 
u sed  an d  tip  losses ca n  be reduced  by u sing  a  knife-edge or labyrin th  
seal a t th is  point. Shrouding, however, requ ires th a t  the  tu rb in e  ru n  
cooler or a t a  reduced  rpm  because  of th e  ex tra  m ass  a t the  tip. O n 
b lades th a t  are  no t sh rouded , the  tip s  are  c u t or recessed  to a  knife 
edge to perm it a  rap id  “w earing-in” of the  b lade tip  to the  tu rb in e  ca s ­
ing w ith a  corresponding increase  in  tu rb in e  efficiency.

B lades are  forged from  highly alloyed steel a n d  are p assed  
th ro u g h  a  carefully controlled series of m ach in ing  a n d  inspection  op­
era tions before being certified for use . M any engine m an u fac tu re rs
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will s tam p  a  “m om ent weight” nu m b er on  th e  b lade to re ta in  ro tor 
ba lance  w hen rep lacem ent is  necessary .

The tem p era tu re  of the  b lade is u sua lly  k ep t w ith in  lim its by p a s s ­
ing relatively cool a ir bled from  the  com pressor over the  face of the  
tu rb ine , th u s  cooling the  d isk  an d  b lade by the  p rocess of convection. 
T his m ethod  of cooling m ay becom e m ore difficult, a s  h igh  M ach 
n u m b er flights develop h igh  com pressor in let an d  ou tle t tem pera ­
tu res.

Some gas tu rb in e  engines u se  a  single-stage tu rb ine , w hereas 
o ther employ m ore th a n  one tu rb in e  wheel. M ulti -s tag e  tu rb in e s  are 
u se d  w here th e  power requ ired  to drive the  com pressor w ould neces­
s ita te  a  very large tu rb in e  wheel. M ultistage w heels are  also u sed  foe 
tu rb o p ro p s  w here the  tu rb in e  h a s  to ex tract enough power to drive 
bo th  th e  com pressor an d  the  propeller. W hen two or m ore tu rb ine  
w heels are  used , a  nozzle d iaphragm  is positioned directly in  front of 
each  tu rb in e  wheel. The operation  of the  m ultistage tu rb in e  is  sim ilar 
to th a t  of the  single stage, except th a t  the  succeeding  stages operate 
a t lower g as  velocities, p ressu res , an d  tem pera tu res . Since each  tu r ­
bine stage receives the  a ir a t a  lower p re ssu re  th a n  th e  preceding 
stage, m ore b lade a re a  is needed  in  th e  rea r stage to a ssu re  a n  equi­
tab le  load d istribu tion  betw een stages. The am o u n t of energy rem oved 
from  each  stage is p roportional to the  am o u n t of w ork done by each  
stage.

M ost m ultistage tu rb in es  are  a ttach ed  to a  com m on shaft. How­
ever, som e m ultistage  tu rb in e  engines have m ore th a n  one com pres­
sor. In th is  case, som e tu rb in e  w heels drive one com pressor a n d  the  
rem ain ing  tu rb in es  drive the  other.

The w heel is sub jec ted  to b o th  h igh speed  a n d  h igh  tem pera tu re . 
B ecause of th ese  extrem e conditions, b lades can  easily deform  by 
growing in  leng th  (a condition know n a s  creep) a n d  by tw isting an d  
changing  pitch. Since these  d isto rtions are  accelerated  by exceeding 
engine operating lim its, it is  im portan t to operate w ith in  the  tem pera­
tu re  an d  rpm  p o in ts  se t by th e  m anufactu re .
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P o s t-r e a d in g

I. Find the  English equivalen ts to the  following w ords an d  word 
com binations:

a) в пределах; процентное соотношение; тогда  как; под­
вергаться; посредством; следовательно; позволять; благодаря; 
вследствие.

b) наиболее напряж ённы е части; при сильных центробеж ­
ны х нагрузках; в пределах безопасных эксплуатационны х ре­
жимов; тщ ательно проверяется; для обеспечения структурной 
целостности; при вы соких нагрузках; в этом месте; соответст­
вующее увеличение; вы пущ енный из компрессора; требуемый 
для приведения в движ ение; разм ещ ается непосредственно; 
равном ерное распределение нагрузки; оставш иеся турбины; 
экстремальны е условия.

II. a) Have a  look a t these  th ree  figures. W hat does each  of them  il­
lu stra te?

Fig-1

b) nam e all the  com ponents of th e  device in  fig. 1?



c) W hat do you know  ab o u t the  device in  fig. 2?

d) W hat p a rt  of th e  tex t does fig. 3 correspond to? Prove your a n ­
swer.

III. Com plete the  sen tences. If necessary  refer to the  text.

1. The engine speed  an d  tu rb in e  in le t tem p era tu re  m u s t be accu ­
rate ly  co n tro lled _______ .

2. After forging, th e  d isk  is  m ach ined  all over a n d  carefully in ­
spected  u s in g _______ .

3. B lades are  forged f ro m _______ .
4. The tem p era tu re  of the  b lade is  k e p t_______ , th u s  cooling the

d isk  a n d  blade by th e  p rocess of convection.
5. M ultistage tu rb in es  are  u sed  w h e re _______ w ould necessita te  a

very large tu rb in e  wheel.
6 . _______  , a  nozzle d iaphragm  is  positioned directly in  front of

each  tu rb in e  wheel.
7. Since each  tu rb in e  stage receives the  air a t a  lower p ressu re  

th a n  the  preceeding s ta g e _______ .

L an gu age  in  U se

I. Form  adjectives from  the  n o u n s  below. Use the  suffixes th a t  are  
in  th e  clouds. Mind, m ore th a n  one v arian t is  possible.

С -o u s  A

control
sh ro u d

proportion
ro ta tion
excess

care
alloy

advantage
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II. a) Find the  p roper prepositions for each  verb. W atch out! There
m ay be m ore th a n  one com bination.

b) Explain th e ir m eaning.

c) Quote the  sen tences  from  th e  tex t to illu stra te  their use.

d) For the  re s t of th e  prepositional verbs give exam ples.

to keep 
to a tta ch  
to ten d  

to convert 
to forge 

to sub ject 
to achieve 
to change 

to set 
to depend

up o n

into

w i t h i n

III. Fill in  the  gaps u sing  the  w ords from  the  oval. Mind, there  is 
one ex tra  word!

С  hot; to cause; com bustion; wheel; seri­
ously; raise; tu rb ine; uncom m on; v ib ra­
tory; flow; various; rim; encoun ter

Among th e  m o s t_______ stre ssed  com ponents in  a  g as-tu rb in e  en ­
gine is  the  tu rb in e  wheel. The b u ck e ts  of the  wheel are  sub jec ted  to
h igh centrifugal s tre sse s  a n d  to a  fluc tuating  s tream  o f _______ gases
w h i c h ________tem pera tu re  an d  m ay, a t th e  sam e tim e, in troduce
_______ stresses. The d isk  of t h e  is sub jec ted  to h e a t by con­
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duction  from  the  b u ck e ts  an d  may, in  som e cases, be directly h ea ted
by the  _______  gases. T em pera tu res of over 1500°F are  n o t _______
n e a r  t h e  of the  first-stage tu rb in e  disk. W here there  is m ore
th a n  o n e _______ disk  in  a n  engine, th e  second a n d  th ird -stage  d isks
do n o t _______  su c h  h igh  tem pera tu res . T urb ine d isk s  are  often
cooled by m ean s  of a ir bled from  the  com pressor section  a n d  directed  
th ro u g h _______ p assag es  t o ________ aro u n d  th e  tu rb in e  disk.

S p e a k in g

I. Use th e  inform ation from  th e  tex t an d  exercise II of the  Post-
Reading section  to m ake a  d iagram  on th e  topic “T urbine C onstruc­
tion”

II. C om pare your an d  your p a rtn e r’s  diagram s. Choose the  d ia­
gram  w hich b e tte r reflects th e  topic. Fill it in.

III. B asing on your d iagram  be ready  to speak  before the  class.
The following p h rase s  m ay help  you.

W )

G

I w an t to begin m y p resen ta tio n  w ith ... 
The sub jec t th a t  I will speak  is  ...
It shou ld  be em phasized  th a t  ...
Let m e now  tu rn  to ...
O n the  one h a n d  ..., on  th e  o ther h a n d  ... 
In conclusion let m e say  ...

W ritin g

In the  tex t it is  spoken  a b o u t a  fir-tree design by m ean s  of w hich 
th e  b lades are  a ttach ed  to the  disk. It is  th e  m ost satisfactory  an d  the  
m ost widely u sed  a ttachm en t. Do a  search  on o ther types of the  
b lades  a ttachm en t. C om pare th em  w ith  the  fir-tree design.
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U n it VII 
T urbines

(Part II)

B e fo r e  y o u  B e g in

I. B ra insto rm  all possib le ideas re la ted  to the  topic

T urbine

II. Read th is  a b s tra c t an d  render its  idea  in  R ussian

The function  of the  tu rb in e  is to drive the  com pressor an d  acces­
sories, and , in  the  case of the  tu rboprop , th e  propeller, by extracting 
a  portion  of th e  p ressu re  an d  kinetic  energy from  th e  h igh  tem pera ­
tu re  com bustion  gases. In  a  typical je t  engine ab o u t 75 percen t of the  
power p roduced  in ternally  is u se d  to provide th e  com pressor. W hat is 
left is u se d  to produce the  necessary  th ru s t. In order to fu rn ish  the  
drive power to com press the  air, th e  tu rb in e  m u s t develop a s  m u ch  a s  
100, 000 hp  (74, 570 kw) or m ore for th e  large je t  engines. One blade 
or b ucke t of a  tu rb in e  can  ex tract ab o u t 250 hp  (185 kw) from  the  
moving g as  s tream . T his is  equivalent to the  power p roduced  by a  
typical eight-cylinder autom obile engine. It does all of th is  in  a  space 
sm aller th a n  the  average autom obile engine, an d  w ith  a  considerable 
advantage in  weight.
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R e a d in g

Skim  the  tex t an d  try  to guess  the  m ean ing  of the  m arked  w ords 
from  the  con ten t of the  text.

W ith a  few exceptions, g as  tu rb in e  m an u fac tu re rs  have concen­
tra ted  on  the  axial-flow tu rb in e  a lthough  som e m an u fac tu res  are 
build ing engines w ith  a  rad ia l inflow tu rb ine . The rad ia l inflow tu r ­
bine h a s  th e  advantage of ruggedness an d  sim plicity, a n d  is relatively 
inexpensive a n d  easy to m anu factu re  w hen  com pared w ith  axial-flow 
type. O n th is  type of tu rb ine , in let g as  flows th ro u g h  periphera l noz­
zles to en ter th e  w heel passag es  in  a n  inw ard rad ia l direction. The 
speeding g as  exerts a  force on the  w heel b lades an d  th e n  ex h a u sts  
th e  air in  a n  axial direction to the  a tm osphere . These tu rb in e  w heels 
u se d  for sm all engines are  well su ited  for a  lower range of specific 
speeds an d  w ork a t relatively h igh  efficiency.

The axial-flow tu rb in e  is  com prised of two m ain  elem ents consist­
ing of a  se t of sta tionary  vanes an d  one or m ore tu rb in e  rotors. The 
tu rb in e  b lades them selves are  of two basic  types, the  im pulse  an d  the  
reaction. The m odern  aircraft g as  tu rb in e  engine utilizes b lades w hich 
have b o th  im pulse an d  reaction  section.

The s ta tionary  p a rt of the  tu rb in e  assem bly  co n sis ts  of a  row  of 
con toured  vanes se t a t a n  angle to form  a  series of sm all nozzles 
w hich  d ischarge gases  into the  b lade of th e  tu rb in e  wheel. For th is  
reason , the  s ta tionary  vanes assem bly is u sua lly  referred  to a s  the  
tu rb in e  nozzle, an d  the  vanes them selves are called nozzle guide 
vanes.

P o s t-R e a d in g

I. Name two types of tu rb in e s  m ost often p roduced  by gas m a n u ­
fac tu re rs  today.

II. Speak ab o u t th e ir advan tages an d  disadvantages.

III. Schem atically  show  th e  flow of gas in  the  radial-inflow  tu rb ine.
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IV. Make a  list of all design fea tu res  typical for each  type of the  
tu rb in e  an d  its  s ta tionary  part.

T ypes o f  th e  
Turbines /  Parts 
o f  th e  Turbine

D esign  features

Radial-Inflow typ e

Axial-Inflow Type

Stationary Part

L an g u a g e  in  U se

I. Give R ussian  equivalen ts to th e  following w ord com binations 
a n d  ph rases:

(  N
m oving g as  stream ; g as  tu rb in e  m anufactu res; inw ard  rad ial 
direction; s ta tionary  vanes assem bly; nozzle guide vane; m odern  
aircraft g as  tu rb in e  engine 

\ __________________________________________________________________ )
II. a) Form  w ords opposite in  the  m ean ing  u s in g  the  prefixes in  the  

box. C onsu lt the  dictionary  if necessary . T ransla te  them .

-un; -in; -dis
Easy
Expensive
Suited
Efficiency
Advantage
Charge
stability

b) Use them  in  the  sen tences  of your own.
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III. M atch the  keyw ords w ith  th e ir transla tion .

1. to finish а) вспомогательные
2 . im pulse  blade агрегаты
3. to ex tract b) извлекать
4. contoured с) лопасть
5. accessories d) неподвиж ны й
6 . bucke t е) доставлять
7. s ta tionary f) профильный

Р

IV. a) Find the  righ t w ord for the  w ords in  the  box below. The first 
exam ple is  done for you.

verb tran s la tio n n o u n tran s la tio n
1. to flow протекать flow поток
2 . to force force сила
3. to ex h au st ex h au st
4. to u se u se
5. to work work работа
6 . to se t устанавливать se t
7. to assem bly assem bly
8 . to form form ф орм а
9. to d ischarge разряж ать discharge
10. to sou n d sou n d звук

b) Define w hat p a r t  of speech  th e  m arked  w ords belong to.

1. By reaso n  of the  rap id  expansion, th e  h ea ted  air an d  com bus­
tion  p ro d u cts  a t increased  velocity force th e ir way th ro u g h  th e  only 
exit from  cham ber.

2. T h ru s t is  a n  applied force tend ing  to p roduce m otion in  a  body 
or to a lter the  m otion of a  body.

3. These vanes direct th e  flow to th e  appropriate  angle of a ttack  
for the  b lades on  the  periphery  of the  tu rb in e  wheel.

4. In th a t  position  the  valve allows the  oil to flow from  the  engine 
th ro u g h  the  tran sfe r rings.
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5. In te rnal com bustion  engines u se  any  fuels th a t  can  be com ­
b ined  w ith  a n  oxidizer in  the  cham ber.

6 . Extensive u se  of titan iu m  in  the  front p a rt  of th e  com pressor 
a n d  high-nickel steel alloys in  the  rea r is m ade.

7. D aim ler’s  new  engine s e t  th e  b as is  for all car engines going 
forward.

8 . The axial-flow tu rb in e  is  com prised of two m ain  elem ents con­
sisting  of a  s e t  of sta tionary  vanes an d  one or m ore tu rb in e  rotors.

9. The p a tte rn  of sou n d  from  a  je t  engine m akes the  noise p rob­
lem  even m ore bothersom e th a n  th a t  com ing from  other types of en ­
gine.

S p e a k in g

al W hich of these  two g rap h s b e tte r reflects the  con ten t of the  text. 
D iscuss it w ith  your partner.

b) Fill in  the  chosen  g raph  w ith  the  w ords or p h rase s  from  the  
text.

cl Com pare th e  re su lts  w ith  your peers  from  the  o ther group.

1.

Types of 
T urb ines

Radial-
Inflow

Axial-Flo'

Design
F ea tu res

Advan­
tages
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2.

Г
Radial-
Inflow

Design
Features

Types of 
Turbines 

 I____

Г

_L

Design
Features

1
Axial-Flo\v

Advan­
tages

W hile d iscussing  m ake u se  of the  following phrases:

<3

a
- F irst of all I’d  like to...
- I am  arguing  ag a in s t...
- It is ra th e r  su rp ris in g ...
- It is w orth  pointing o u t...
- Oh, let m e th in k  for a  m om en t...
- Actually, I don ’t  know ...
- Well, now...

W riting

Do a  resea rch  a n d  w rite a n  accoun t to your chief on the  tu rb in es  
m ostly  u sed  today in  aviation.
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U n it VIII
•к -к -к

Before you Begin

I. Look a t the  p ictu re  an d  say  w hat m ight be the  topic of th e  text.

II. Name 10 w ords re la ted  to th e  topic.

R eading

I. Read the  tex t a n d  give a  title to it.

II. While reading  the  text, w rite o u t the  w ords an d  w ord com bina­
tions you don ’t  know. Try to g u ess  their m eaning  from  th e  context.

к к к

The nozzle guide vanes (diaphragm ) have two principal functions. 
First, they  m u s t convert p a r t  of th e  gas h e a t a n d  p re ssu re  energy into 
dynam ic an d  kinetic  energy, so th a t  th e  g as  will strike  th e  tu rb ine  
b lades w ith  som e degree of force. Second, the  nozzle vanes m u s t tu rn  
th is  gas flow so th a t  it will im pinge u p o n  the  tu rb in e  b u ck e ts  in  the  
p roper direction; th a t  is, th e  gases  m u s t im pact on  th e  tu rb in e  b lade 
in  a  direction th a t  will have a  large com ponent force in  th e  p lane  of 
th e  rotor. The nozzle does its  first job  by utilizing th e  Bernoulli theo ­
rem . As th ro u g h  any  nozzle, w hen the  flow a re a  is restric ted , th e  gas
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will accelerate a n d  a  large portion  of th e  s ta tic  p re ssu re  in  th e  gas is 
tu rn e d  into dynam ic p ressu re . The degree w hich th is  effect will occur 
depends u p o n  the  rela tionsh ip  betw een the  nozzle guide vane inlet 
an d  exit a reas, w hich, in  tu rn  is closely re la ted  to th e  type of tu rb ine  
b lades used .

The tu rb in e  nozzle a re a  is  a  critical p a rt  of engine design. M aking 
th e  nozzle a re a  too sm all will res tric t the  airflow th ro u g h  the  engine, 
ra ise  com pressor d ischarge p ressu re , an d  bring  th e  com pressor 
closer to stall. T his is  especially critical du ring  acceleration  w hen  the  
nozzle will have th e  tendency  to choke (gas flowing a t th e  speed  of 
sound). M any engines are designed to have th e  nozzle operating in  
th ese  choked conditions. Sm all exit a reas  also cause  slower accelera­
tions because  th e  com pressor will have to w ork aga in st th e  increased  
back  p ressu re . Increasing  the  nozzle d iaphragm  a re a  will re su lt in  
faster engine acceleration, less  tendency  to s ta ll b u t  h igher specific 
fuel consum ption . The a re a  of th e  nozzle is ad ju sted  a t factory or d u r­
ing overhaul so th a t  the  gas velocity a t th is  po in t will be a t or n ear 
th e  speed  of sound.

The second function, th a t  of tu rn in g  the  gases  so th a t  they  strike 
th e  tu rb in e  b lades a t the  correct angle, is accom plished by se tting  the  
b lades  a t a  specific angle to the  axis of the  engine. Ideally, th is  angle 
shou ld  be variable a s  a  function  of engine rpm  an d  gas flow velocity, 
b u t  in  practice  the  vanes are  fixed in  one position. It shou ld  be no ted  
th a t  th e  auxiliary power u n it  (APU) for several tu rb ine-pow ered  
g round  vehicles is equipped w ith  variable angle nozzle vanes.

Post- Reading

I. The tex t h a s  th ree  logical p a rts . Think  of th e  head ing  to each  
part. Highlight the  key w ords of each  part.

II. F ind in  th e  text:
a) th e  definition of Bernoulli theorem
b) th e  descrip tion  of increasing  the  nozzle d iaphragm  a re a  resu lt
c) English equivalen ts to th e  following w ords an d  w ord com bina­

tions:
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чрезмерное уменьш ение сопла; дросселирование; приводить к; 
нужное направление; происходить; удельный расход топлива; 
тесно связанны й; в свою очередь; установка лопаток под нуж ­
ны м  углом; лопатки сопла с переменны м  углом; регулируется н а  
заводе

III. a) Answer th e  questions:

1. W hat does th e  tex t deal w ith?
2. W hat are  the  functions of th e  nozzle guide vanes?
3. W hat job  is done by utilizing the  B ernoulli theorem ?
4. W hy is  the  tu rb in e  nozzle a re a  a  critical p a r t  of engine design?
5. W hat is the  re su lt of g as  acceleration?

b) P u t 3 m ore questions to the  text.

L an g u a g e  in  U se

I. M atch colum n A an d  В to find: 
Mind, there  is  one ex tra  word!

a) synonym s

A В
1. convert a) quick
2 . vane b) ad ju s tm en t
3. im pinge c) tak e  place
4. occur d) rela te
5. critical e) transfo rm
6 . discharge 1) im pact
7. fast g) bucket
8 . velocity h) decisive
9. se tting i) ex h au st

j) speed
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b) an tonym s

A В
1. kinetic a) fixed
2 . res tric t b) decelerate
3. accelerate c) far
4. inlet d) decrease
5. closely e) ad ju s t
6 . increase 1) s ta tic
7. variable g) exit
8 . auxiliary h) expand

i) m ain

II. Give R ussian  equivalen ts to the  following w ord com binations:

discharge p ressu re ; nozzle guide vanes; nozzle guide vane inlet 
area; tu rb in e  nozzle area; auxiliary power un it; back  p ressu re; 
tu rb ine-pow ered  g round  vehicles; variable angle nozzle vanes; 
chocked conditions; specific fuel consum ption

III. Decipher the  abbreviations:

rpm ; apu; i.e.

IV. W hat do th e  w ords in  bold m ean  in  the  text? Choose the  cor­
rec t m eaning. Mind, in  som e cases  you m ay u se  m ore th a n  one vari­
an t.

1. degree a) any  of various 
u n its  of m easu re ­
m en t

b) am o u n t of level 
of som ething

c) a  ra n k  
in  society

2. occur a) to tak e  place b) to exist c) to come 
to m ind

3. resu lt in a) to h ap p en  or 
exist b ecause  sm th  
else h a s  happened

b) to cause  a  p a r­
ticu la r s itua tion  
h ap p en

c) to have 
a s  a  resu lt
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4 . variable a) likely to change 
frequently

b) a  num ber, 
am oun t, size 
w hich  can  
change

c) no t 
steady

5. auxiliary a) additional b) giving help or 
su p p o rt

c) m ore 
th a n  nec­
essary

S p e a k in g

W ork in  pairs:
a) F in ish  draw ing th is  diagram .
b) Fill it in  w ith  the  w ords or p h rase s  from  the  text.
c) D iscuss it w ith  your peer from  the  o ther group.
d) Be ready  to speak  on  the  topic.

Г

F unctions of Nozzle 
Guide V anes

_________ I__________

Function  I Function  II

The following p h rase s  will be of g rea t help:

Try to show  your personal opinion: - As I see it
- W hat I have in  m ind  is 

th a t . ..
- This is  particu larly  tru e  

for...

In te rru p t your p a rtn e r’s  opinion: - I am  sorry, could you  be
m ore specific ab o u t ...

- O n the  con tra ry ...
- T h a t’s  w hat I m ean , b u t . ..
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E ncourage your p a rtn e r  to say  more: - I w onder abou t...
- W ouldn’t  you  agree w ith...
- Let’s  have a  closer look 

a t...

W riting

Rewrite th e  sen tences  th a t  are jum bled  in  the  correct order to 
m ake u p  a  m eaningful tex t on descrip tion  a n d  location of the  nozzle 
d iaphragm . (More th a n  one alternative is possible).

1. The nozzle vanes are  u sua lly  construc ted  of h igh -tem pera tu re  
alloy, an d  they  m u s t be highly h ea t-re s is tan t.

2. In  m any  engines, th e  nozzle vanes are  hollow an d  are  form ed 
from  sta in less-steel sheet.

3. The nozzle d iaphragm  co n sis ts  of a  group of nozzle vanes 
welded betw een two sh ro u d  rings.

4. In the  typical nozzle d iaphragm , the  inner a n d  ou ter b a n d s  con­
ta in  p u n ch ed  holes to receive the  en d s of the  nozzle vanes.

5. W hen there  is m ore th a n  one tu rb in e  wheel, additional nozzle 
d iaph ragm s are insta lled  to d irect the  h ea ted  gases  from  one wheel to 
th e  next.

6 . Second-, th ird - an d  fourth -stage  nozzle vane are  often con­
s tru c te d  of solid steel alloy.

7. They are  th e n  welded a n d  g round  sm ooth  before being in ­
sta lled  betw een the  sh ro u d  rings.

8 . These m ay be e ither forged or precision-cast.

66



U n it IX 
S u p erso n ic  D u cts

( "  > \

B e fo r e  y o u  B e g in

I. Answer th e  following questions.

1. W hat does th e  term  “d uct” m ean?
2. W hat types of d u c ts  have you  read  or lea rn t before?
3. How is each  of the  d u c ts  m entioned  by you designed?

II. M atch the  keyw ords w ith th e ir tra n s la tio n s :

1. superson ic а) иметь место
2 . tran so n ic b) заглаты вать
3. subson ic с) тратить впустую
4. overhaul d) характеристики
5. perform ance е) дозвуковой
6 . shock  wave 1) амортизирую щ ая игла
7. buzz g) переработка, ремонт, 

разборка
8 . accom plish h) зудящ ий звук
9. spike i) наклонный, непрямой
10. estab lish j) угол
11. oblique к) устанавливать
12. angle 1) сверхзвуковой
13. occur т )  околозвуковой
14. w aste п )  ВЫ ПОЛНЯТЬ

15. swallow о) происходить, иметь место
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Reading

Read the  tex t a n d  highlight the  ideas no t m entioned  in  the  d is­
cussion.

Superson ic D ucts

The superson ic  in let d u c t m u s t operate in  th ree  speed  zones: s u b ­
sonic, transon ic , supersonic.

A lthough each  of these  speed  zones needs a  slightly different in let 
du c t design, good overhaul perform ance can  be achieved by designing 
th e  superson ic  shape  w ith  som e m odifications.

The superson ic  d u c t problem s s ta r t  w hen  th e  aircraft begins to fly 
a t or n e a r  the  speed of sound . At these  sonic speeds shock  w aves are 
developed w hich, if n o t controlled, will give h igh d u c t loss in  p ressu re  
an d  airflow, a n d  will se t u p  v ibrating  conditions in  th e  in let d uc t 
called in let buzz. Buzz is a n  airflow instab ility  cau sed  by th e  shock 
wave rapidly being a lternately  swallowed an d  expelled a t the  in le t of 
th e  duct.

Air w hich  en te rs  th e  com pressor section  of the  engine m u s t u s u ­
ally be slowed to subson ic  velocity, an d  th is  p rocess shou ld  be ac­
com plished w ith  th e  least possible w aste  of energy. At superson ic  
speeds the  in let d u c t does th e  job  by slowing the  a ir w ith the  w eakest 
possible series or com bination of shocks to m inim ize energy loss an d  
tem p era tu re  rise.

At tran so n ic  speeds (near M achl), th e  in let d u c t is u sua lly  de­
signed to keep the  shock w aves ou t of the  duct. T his is done by locat­
ing the  in let d u c t beh ind  a  spike or probe so th a t  a t a irspeeds slightly 
above M ach 1.0 the  spike will e s tab lish  a  norm al shock  (bow wave) in  
front of the  in let duct. T his norm al shock  wave will p roduce a  p res­
su re  rise an d  a  velocity decrease to subson ic  velocities before the  air 
s trik es  the  ac tu a l in let duct. The in le t will th e n  be a  subson ic  design 
beh ind  a  norm al shock  front. At low superson ic  M ach n um bers , the  
s tren g th  of the  no rm al shock  wave is  n o t too great, an d  th is  type of 
in le t is  quite  practical. B u t a t h igher M ach n u m b ers  the  single n o r­
m al shock  wave is very strong  an d  cau ses  a  g rea t reduc tion  in  the  
to ta l p re ssu re  recovered by th e  d u c t an d  a n  excessive a ir tem pera tu re  
rise  inside the  duct.
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At slightly h igher a irspeeds the  norm al bow wave will change into 
a n  oblique shock. Since th e  a ir velocity beh ind  a n  oblique shock is 
still superson ic, to keep the  superson ic  velocities o u t of the  in let duct, 
th e  d u c t will need  to se t u p  a  norm al shock  wave a t the  d u c t inlet. 
The airflow is  controlled so th a t  the  a ir velocity a t the  d u c t in let is 
exactly equal to th e  speed  of sound. At th is  tim e the  d u c t p ressu re  
rise will be due to: 1) a n  oblique shock  p re ssu re  rise; 2) a  norm al 
shock  p ressu re  rise; 3) a  subson ic  diverging section  p ressu re  rise.

As th e  a irspeed  is  increased , th e  angle of the  oblique shock  will be 
forced back  by the  h igher a ir velocity u n til th e  oblique shock  con tac ts  
th e  ou ter lip of the  duct. W hen th is  occurs there  will be a  slight in ­
crease in  th ru s t  due to a n  increase  in  engine in let p ressu re  airflow, 
because  th e  energy con tained  in  the  shock  front is now  enclosed 
w ith in  the  d u c t an d  delivered to it w ith  less  p ressu re  loss. T his po in t 
is called the  d u c t recovery point.

At h igh  M ach n u m b ers  (about 1.4 an d  above) th e  in let d u c t m u s t 
se t u p  one or m ore oblique shocks a n d  a  norm al shock. The oblique 
shocks will slow th e  superson ic  velocities, the  no rm al shock  will drop 
th e  velocity to subson ic  th e n  th e  subson ic  section  will fu rth e r de­
crease the  velocity before the  air en te rs  the  com pressor. E ach  de­
crease in  velocity will p roduce a  p ressu re  rise.

P o s t-R e a d in g

I. Divide the  tex t in to  3 logical p a rts . Think  of the  head ing  for each  
part. U nderline th e  topic words. Make the  m ain  poin t of each  p a rt in  
one phrase .

II. Find in  th e  tex t the  English equivalen ts to th e  ph rases:

Будут возникать вибрационны е условия; хорош ие эксплуата­
ционны е характеристики; ударн ая  волна будет попеременно 
заглаты ваться или вы талкиваться н а  входе в канал; удерж и­
вать ударную  волну вне сопла

III, a) In  the  tex t find definitions of:
- buzz
- d u c t recovery point
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b) Give your own explanation  of th e  term s:

- no rm al shock  wave
- oblique shock

IV. Com plete the  following sen ten ces  u sing  th e  ideas from  the  
text.

1. A lthough each  of these  speed zones needs a  slightly different 
in le t d u c t design ...

2. At superson ic  speeds the  in let d u c t does the  job  by ...
3. At tran so n ic  speeds th e  in let d u c t is  designed to ...
4. At slightly h igher a irspeeds the  norm al low wave ...
5. The d uc t p re ssu re  rise  will be due  to ...
6 . At h igher M ach n u m b ers  th e  in le t d u c t m u s t se t u p  ...

V. Say if the  s ta tem en ts  are  tru e  or false. Correct th e  false once.

1. The superson ic  d u c t problem s s ta r t  w hen  th e  aircraft begins to 
fly a t tran so n ic  speed.

2. The norm al shock  wave will p roduce a  p re ssu re  rise  an d  a  ve­
locity decrease to subson ic  velocities after the  a ir s trikes  th e  inlet 
duct.

3. The lower the  superson ic  M ach n um bers , th e  h igher the  
s tren g th  of the  norm al shock  wave.

4. At h igher M ach n u m b ers  the  single no rm al shock  wave is 
strong.

5. The d u c t will need  to form  a  no rm al shock  wave a t the  d uc t 
in le t to keep the  superson ic  velocities o u t of the  in let duct.

VI. a) Answer the  questions below:

1. In  w hat zones m u s t the  superson ic  in let d u c t operate?
2. W hen are  shock  w aves developed?
3. W hat affect is cau sed  by shock  wave appearance?
4. W hen is the  single norm al shock  wave strong?
5. W hat is  the  rea so n  of th e  d u c t p ressu re  rise?

b) Put 3 m ore questions to th e  text.
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L an g u a g e  in  U se

I. Highlight all th e  prepositions in  the  text.

II. D istribu te them  into th e  co lum ns according to th e  m eaning 
they  con ta in  in  p a rts  A-H.

Parts D irection Abstract
relations

Merely
gram m atical

re lation s
A

В

С

D

Б

F

G

H

III, a) Think  of an  additional co lum n a n d  entitle  it.
b) Add 1-5 m ore exam ples an d  give th e ir m eaning  u sin g  reference 

m aterials.

IV. Fill in  the  gaps w ith  th e  p repositions from  th e  box below. 
T ransla te  th e  sen tences.

^  In; of; at; into; by; before; out; with; to; u n til ^

1. The s ta r t in g   a  tu rbo jet, or any  o ther gas-tu rb ine  engine,
requ ires th a t  the  engine be r o ta te d   a  speed  w hich  will provide
sufficient a ir fuel com bustion  an d  th a t  the  engine be accelerated  
  th e  poin t w here th e  power d ev e lo p ed   the  tu rb in e  is ade­
qua te  for engine self-rotation.
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2. After com bustion  com m ences (light-off) the  s ta r te r  con tinuous 
to supp ly  to rq u e  the  e n g in e  engine speed  reach es  a  p re ­
determ ined  level w here engine is  sufficient to m ain ta in  acceleration.

3. Early G erm an engines averaged only te n  h o u rs  of operation
 fa ilin g  o f te n  c h u n k s  of m eta l f ly in g  th e  back
 the  engine w hen  the  tu rb in e  overheated.

4. For a  tim e som e US je t  engines included  the  ability to inject w a­
te r  ____  the  engine to cool the  com pressed  flow before com bustion,
u sua lly  du ring  takeoff.

5  . _____m ost turbojet-pow ered aircraft, b leed air is ex tracted  from
th e  com pressor section  a t various stages to perform  a  variety of jobs.

V. Give R ussian  equivalen ts to th e  following ph rases:

A slightly different in let d u c t design; th e  least possible w aste  of 
energy; excessive a ir tem pera tu re  rise; the  a ir is controlled so 
th a t  the  a ir velocity...; superson ic  velocities o u t of the  in let duct.

VI. a) Com bine the  n o u n  “air” w ith  o ther n o u n s  to m ake u p  new  
w ords or word com binations.

b) Explain their m eaning.



S p e a k in g

W ork in  groups:
a) D iscuss th e  in let d u c t design an d  its  operation  in  th ree  speed 

zones:
- G roup A - in  subson ic
- G roup В -  in  tran so n ic
- G roup С -  in  superson ic

b) Draw  a  p ictu re  of th e  in let d u c t pecu liar for each  zone
- G roup A -  for subson ic
- G roup В -  for tran so n ic
- G roup С -  for superson ic

c) W ork w ith two o ther p a rtn e rs . Share  the  inform ation you have. 
Com pare the  design an d  operation of the  in le t d u c t in  all th ree  zones. 
Make u p  a  table.

W ritin g

Sum m arize the  inform ation given in  th e  text. Use the  key- 
p a tte rn s .

a
The tex t covers the  p rob lem ...
The a rtic le /te x t carries  m ateria l on...
The p a rag rap h  deals w ith ...
The tex t provides th e  reader w ith  som e d a ta /in fo rm a tio n  on... 
It is in teresting  to n o te ...
The inform ation  p resen ted  is of in te res t to...

0
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U n it X  
N o ise  S u p ress io n  Problem

Before you Begin

I. Read th e  a b s tra c t below an d  say  w hat item s are  supposed  to be 
touched  u p o n  in  the  text. To prove your poin t of view refer to the  in ­
form ation from  the  abstract.

A ircraft noise is defined a s  so u n d  p roduced  by any  aircraft on 
ru n -u p , taxiing, take  off, over-flying or landing. A ircraft noise is  a  sig­
n ifican t concern  for approxim ately 100 square  kilom eters su rro u n d ­
ing m ost m ajor a irports. Aircraft noise is th e  second largest (after 
roadw ay noise) source of environm ental noise. W hile com m ercial avia­
tion  p roduces the  p reponderance  of to ta l a ircraft noise, private avia­
tion  an d  m ilitary opera tions also play a  role. It is u sua lly  m easu red  in  
Decibels.

II. S can  th e  tex t an d  check if your pred ictions were correct.

R e a d in g

While reading  the  tex t m a tch  th e  keyw ords w ith  the ir R ussian  
coun terparts.

1. noise а. облицовка
2 . tak e  off b. относительно, сравнительно
3. landing с. перекры вать
4. residen tia l a reas d. вы сокая двухконтурность
5. p a tte rn е. п осадка
6 . reciprocating engine f. кожух
7. reach g. шум
8 . relatively h. порш невой двигатель
9. overlap i. взлёт
10. frequency j. срезать, резать
11. sh ear к. жилые кварталы
12. bring  down 1. достигать
13. so u n d  su p p resso r т .  неустойчивость, колебания
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14. level n. частота
15. h igh -bypass ratio о. сниж ать
16. fluc tuation p. уровень
17. lining q. шумоглушитель
18. sh roud г. образец, способ, прим ер

Sound Suppression . The N oise Problem

The noise problem  created  by com m ercial an d  m ilitary je t  take  
offs, land ings a n d  g round  operations a t a irp o rts  n ea r residen tial a r­
eas  h a s  becom e a  very serious problem  w ith in  th e  la s t years. The p a t­
te rn  of so u n d  from  a  je t  engine m akes th e  noise problem  even m ore 
bothersom e th a n  th a t  com ing from  other types of engines. For exam ­
ple, th e  noise from  a  reciprocating  engine rises  sharp ly  a s  the  a ir­
p lane  propeller p a sse s  a n  observer on th e  g round  a n d  th e n  d rops off 
a lm ost a s  quickly. A je t  reach es  a  peak  after th e  aircraft p asses, and  
is a t a n  angle of approxim ately 45° to th e  observer. T his noise th en  
s tay s  a t a  relatively h igh  level for a  considerable leng th  of tim e. The 
noise from a  tu rbo je t is also m ore annoying because  it overlaps the 
ord inary  speech  frequencies m ore th a n  th e  noise from  a  reciprocating 
engine an d  propeller com bination. Since th e  noise is  p roduced  by the  
high-velocity e x h au st g as  shearing  th ro u g h  the  still air, it follows th a t  
if th e  e x h au st velocity is  slower a n d  the  m ixing a re a  wider, th e  ex­
h a u s t  noise levels can  be b rough t dow n to the  po in t w here a  sound  
su p p resso r is n o t necessary . The exh au st-g as  velocity of a  tu rbo fan  is 
slower th a n  a  tu rbo je t of a  com parable size b ecause  m ore energy 
m u s t be rem oved by the  tu rb in e  to drive the  fan. The fan  e x h au st ve­
locity is  relatively low a n d  c rea tes less  of a  noise problem , noise levels 
are  also lower in  the  h igh-bypass-ratio  tu rbo fan  engine th ro u g h  the  
elim ination of th e  in let guide vanes a n d  the  resu lting  reduc tion  of the  
"siren" effect. The noise genera ted  by th is  effect occu rs w hen the  col­
u m n s  of a ir c rea ted  by the  com pressor in let guide vanes are c u t by 
th e  rapidly moving com pressor b lades, generating  high-frequency 
p re ssu re  fluctuations. F u rth e r noise red u c tio n s  are  achieved by lining 
th e  fan  sh ro u d  w ith acoustical m ateria ls, th u s , dam pening  the  p res­
su re  fluc tuations an d  by spacing  the  ou tle t guide vanes farther away 
from  the  com pressor. For these  reasons, fan  engines in  general do no t 
need  sou n d  supp resso r. The function  of the  noise su p p resso r is  to
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lower the  level of so u n d  ab o u t 25 to 30 dB, a s  well a s  to change the  
frequency, an d  to do th is  w ith  a  m inim um  sacrifice in  engine th ru s t  
or additional weight. The two facets of the  noise problem , g round  op­
era tion  a n d  a irborne operation, ten d  them selves to two solutions. 
Noise su p p re sso rs  can  be portab le  devices for u se  on  the  g round  by 
m ain tenance  personnel, or they  can  be in tegral p a r t  of th e  aircraft 
engine insta lla tion . A irborne su p p re sso rs  are  m ore difficult to design 
th a n  g round  su p p resso rs  b ecause  of the  w eight lim ita tions an d  the  
necessity  of having th e  a ir exit in  a n  axial d irection to th e  engine.

P o s t-R e a d in g

I. Divide the  tex t into parag raphs. Give a  title for each  one. Choose 
th e  topic w ords of each  p a rt a n d  define the  m ain  po in t of it in  one 
ph rase .

II. Make a  graphic rep resen ta tio n  of the  text. Share  it w ith  your 
p a rtn e r  a n d  fill it in.

III. Say if the  s ta tem en ts  are  tru e  or false. Correct th e  false once.

1. The problem  of aircraft noise h a s  becom e one of the  m ost u r ­
gen t problem s for the  la s t several years.

2. The m ore energy is rem oved by the  tu rb in e  to drive the  fan  the  
slower the  exh au st-g as  velocity of a  tu rbo fan  is in  com parison to a  
tu rbo je t of th e  sam e size.

3. The elim ination of the  in let guide vanes a n d  th e  resu lting  re ­
duction  of the  "siren" effect reduce  noise levels in  the  h igh-bypass- 
ratio  tu rbo fan  engine.

4. The noise genera ted  by the  "siren" effect occu rs w hen  the  col­
u m n s  of air a re  c u t by the  s ta to r blades.

5. To achieve be tte r noise reduction  the  fan  sh ro u d  is  lined w ith 
acoustica l m aterial.

IV. Give R ussian  equivalents:

W ithin the  la s t several years; the  p a tte rn  of sound; exhaust-gas  
velocity; com parable size; th ro u g h  the  elim ination
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V. Answer th e  questions:

1. W hat does th e  tex t deal w ith?
2. W hy h a s  the  noise problem  becom e one of the  m ost im portan t 
w ith in  the  la s t several years?
3. W hat engines are  less  noisy  a n d  why?
4. W hy does a  tu rbo fan  need  no so u n d  supp resso r?
5. W hich of su p p re sso rs  are m ore difficult to design an d  why?

L an g u a g e  in  U se

I. Fill in  th e  tab le  u sing  com parative an d  superlative adjectives. 
The 1st line in  each  box m ay serve a s  a n  example.

-e r -e s t
of one 
syllable

low
high
slow
wide
few

low er th e  low est

m o re m o s t
of two 
an d  
m ore 
sylla­
bles

m odern
difficult
im portan t
com fortable
intelligent
bothersom e

m o re  m odern th e  m o s t
m odern

-er o r  m o re -e s t o r  m o s t
sim ple
com m on
narrow
p leasan t
quiet

sim pler 
m o re  sim pler

th e  sim p lest 
th e  m o s t sim ­
ple

Irregular Form s
good
far
little
bad
m u ch
m any

better the  best
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II. a) Use adjectives in  b rack e ts  e ither in  a  com parative or su p erla ­
tive form.

1. One of t h e _____ (significant) sou rces  of cab in  noise from  com ­
m ercial je t  aircraft ra th e r  th a n  the  engines is the  Auxiliary Power 
Unit.

2. The typical noise o u tp u t of a n  APU is  113 decibels. T his is 
a b o u t 27 d e c ib e ls____ (low) th a n  th a t  of a  je t  engine.

3. _____ (large) aircraft th e n  en tering  service or in  developm ent,
su c h  a s  Lockheed L-1011, D ouglass D C-10 an d  A irbus A3000 were 
designed w ith t h e ____ (stringent) requ irem en ts in  m ind.

4. The developm ent of h igh -bypass tu rb o fan s  th a t  powered these
 (new) aircraft w as prom pted  by the  need  f o r  (great) th ru s t
an d  fuel efficiency.

5. Not only does the  fan  produce (little) noise per po u n d  of th ru s t,
b u t  t h e  (cool) a ir m ixing w ith  th e  ho t je t  e x h au st also in su la te s
th e  engine, acting a s  a  muffler.

6 . T his reduc tion  can  be directly observed a t a  m ajor in te rnationa l
airport, particu larly  one th a t  also includes flights o f  (old) tu rbo-
jet-pow ered  aircraft operated  b y  (poor) nations.

b) Think  of 10 o ther adjectives an d  m ake u p  your own sentences. 
Do it th e  sam e way a s  in  p a rt  a). Exchange your sen tences  w ith the  
pa rtne r. Check th e  re su lts  of your work.

III. F ind p a irs  of a) synonym s, b) an tonym s am ong the  words. 
M ind there  is one ex tra  w ord in  each  part.

reciprocatingreachp a tte rn

ex h au stpropeller
bring  down

velocity

sh eargenerateoccurvane
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blade dischargecu tp iston

take
placelower m odel

screw

affect get speed

approxim ately s h a r p ly ^  ( ^ ^ o d u c e ^ )  ^ lesiT

С e lim in a tio n ^ 4) — ' ~ \ С reduction  j

^  u se  ^  in take  increase  dram atically m ore

gradually  slowly exactly y / / g e n e r a t i o n

IV. Use the  prepositions in  the  oval to com plete the  sen tences  in  
th e  text. Render th e  tex t in  R ussian .

to  (3) w ith  (3) in  (2) at (2) 
under (1) by (4) o f  (2) on  (2)

T hough long of concern neighbours
aircraft noise first becam e a  m ajor p ro b le m ____
turbojet-pow ered com m ercial aircraft (Tupolev 
D ehavilland Comet)  the  late  1950s. It w as recognizes

  m ajor airports,
the  in troduction  of 
104, Boeing 707, 

the
tim e th a t  the  noise levels produced tu rbo je t pow ered aircraft
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w ould be unaccep tab le  to p e rso n s  liv in g  the  tak e  off p a tte rn  of
m ajor airports. Accordingly, m u ch  effect w as d e v o ted  developing
je t  noise supp resso rs ,  som e m odest success. Take-off noise re ­
stric tions were im p o se d  som e a irpo rt m anagem en ts, a n d  nearly
all first-generation  turbojet-pow ered tra n sp o rts  were equipped ____
je t  noise s u p p re s s o rs  a  significant c o s t  weight, th ru s t, and
fuel consum ption.

The in tro d u c tio n  th e  tu rbo fan  engine,  its  lower veloc­
ity, tem porarily  alleviated the  je t  noise problem  b u t  increased  the  
high-frequency tu rbom ach inary  noise, w hich becam e a  severe p rob­
lem   landing  approach  a s  well a s  take-off. T his noise w as
reduced  som ew hat ____  choosing p roper ro tor a n d  s ta to r blade
n u m b ers  an d  spacing  a n d  u sing  engines of th e  single-m ixed-jet
type.

V. a) M atch th e  w ords w ith th e ir definitions.

a b
1. pattern a) th e  num ber o f  t im es
2. to  overlap b) an act o f  brining sm th  to  

land
3. to  reach c) to  reduce
4 . landing d) sm th  u sed  as a gu ide for 

m aking sm th
5. frequency e) to  break in  h a lf becau se  o f  

sid ew ays or tw istin g  force
6 . relatively f) to  ge t to , o ften  after m uch  

effort or tim e
7. shear g) qu ite, w hen  com pared to  

oth ers o f  th e  sam e kind
8. take-off h) a general standard o f  qual­

ity  or quan tity
9 . level i) to  cover sm th  partly or be­

yond  it
10. to  bring down j) th e  beginn ing o f  a flight 

w hen a plane r ises from th e  
ground
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b) Choose any 7 w ords from  the  tex t "Noise S uppression  Problem"
a n d  give your own exp lanation  of them .

VI. Fill in  the  gaps u sing  th e  w ords from  the  oval. Mind, th ere  is 
one ex tra  word! T ransla te  the  tex t in to  R ussian  in  w ritten.

designers, prim arily, concen­
tra ted , truly, source, s u b s ta n ­
tially, approach , drag, beh ind

The b ig g e s t   of a ircraft noise is  th e  e n g in e s   of th e  je t
engines su spec ted  th a t  th e  m ajor source of engine noise cam e from
th e  region _____ th e  engine w here th e  high-velocity e x h au st m ixes
w ith  the  lower velocity su rro u n d in g  air. Engine designers in  Europe
 on changing  th e  nozzle designs of e n g in e s , by corrugating
th e  ou ter edge of the  ex h au st nozzle. R ather th a n  sm ooth  a n d  round , 
they  m ade it w arped  or angled, often looking like a  flower. This be tte r 
m ixed the  high-velocity efflux w ith  the  air beh ind  the  engine. In the  
U nited S tates, designers u se d  t h i s  a n d  also an o th er m ethod  in ­
volving venting th e  e x h au st from  several tubes. B ut b o th  of these
m ethods increased  _____ an d  reduced  engine perform ance, a n d  the
m u lti-tube  approach  also increased  weight, so m e tim e s  .

W ritin g

You were asked  to w rite a n  article (about 200 words) for a  m aga­
zine on  the  m ain  sou rces of the  to ta l noise level a n d  possib le so lu ­
tions of th is  boring problem . Mind, the  read ers  of th e  m agazine are 
chiefly your age.
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S p e a k in g

Role-Play 

S tu d en t A

You are a n  underg radua te . You are  w riting a  
coursepaper th e  topic of w hich is  "Aircraft Noise 
S uppression  Problem". P resen t a  brief accoun t to 
your chief on  the  w ork done.

The following p h rase s  m ay be of g rea t help.

Calling
a tten tion

I w ould like to d raw  your a tten tio n  to... 
I w ould like to note...

M aking
assessm en t

The m ethod  is particu larly  im portan t b e c au se ... 
The re su lts  are  of g rea t in te re s t...

E xpressing
u n certa in ty

I am  n o t yet c e rta in ...
I have been  ra th e r  puzzled by ...

S tu d en t В

You are  a  scientific superviser. Ask a  lot of ques­
tio n s  on the  w ork done. Moreover, be ready  to 
com m ent on, to add  new  facts, to doub t som e con­
clusions in  your s tu d e n t’s  coursepaper.

To do it successfully  u se  th e  following p h rases.

M aking
rem arks

I w ould like to com m ent o n ... 
I have a  poin t to m ake...

Proving
arg u m en ts

W ould you  agree w ith..? 
I w onder a b o u t...

Asking for 
details

Could you  be m ore specific ab o u t...?  
I am  n o t clear a b o u t...
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