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R.R. Pegasus- Installed in Harrier
(twin-spool turbofan with thrust deflector system)

Rolls-Royce RB211
Triple-Spool front Fan
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~, rocket engine, pulsejet, ramjet <.SUb)~jA0~ pA..>.:..::.l:-::--oo~.)~.:.L..b!..I.9l94S ~).:> .:>~, ~

)~ ,) ~ jl , o.:>~~),.; 0~ pA o.l.i.:>~ .:.L..b!ISI}.:>p-!.)b}S , r ~~I~ )~ L.4S~ <.SUb),;,..,

~ <.SUb)';,..,~ tl,.;144S.:-..1 turbine ojl, ~ U"'L..lfl, .cJS gas turbine engines ~1 cl..) ~

.»)~ ).:>c-J,.., ~ 4S p-!.~ I.S'"~ljA turboshaft, turbofan, turboprop, turbojet 0~ pA ~),;

.u" js:...:. ~ 0~ ..>..:.:: o~.:>}' .:.L..b! ..1.9l94S J,I <.Sr ~ <.SUb),;,..,cl..).~ ..\.<bl,>~ ~ cl..) ~1

..)~ .cJS( aero thermodynamic duct) athodyd ,~}.:»S, r t.b <.SUbjlS"0~~ 4 , o.:>~(duct)

Ram jet .1
-. - \

4...S1fl.j.:>~ 0' .:>},ramalr t ~4 .:;.S~ ).:>~4 ~ ~ ;IS cl..)).:>lj0~.:.Jb).) o.)L..),;,.., I.X'

~.r-' 4...S.: 1<.S.:»~).:>ramjet.:>fl)1S.~~ ramjet 01 cl..))ol> ~ ~ , .:-..1)}-'~ ..u~

<.S1~~I} 0~~,.:-..1 ~~ ~l? )~ c,;lo;>L..~.:>L.., ~ 0j, cl..) ~~ 4, ~4 ':>~jA<.S':>~j4,1

~ ~~ ~ ~, .: )14 01sfc ~ .:.)~ cl..),01.:...>}-'J ~ .)fl.~ ~ .:.)~ 01 J.:>b).:><.s""~

'':>'J'!:"'')W cl..)~I o~1 , ~~ )~,.., ,':'..).0ot,s' <.SUb':>fl)1S ).) ~ maintenance, c,;lj) ,~ ,~.:>L..

Pulsejet .2

~-:.'..'
~.

A garden water sprinkler rotaC:ed by
the reaction of the water jets.

(8)
~ . .

tj
" F ~-.::::- _ -----.to t::b--_~~=-- --~(..~-- -~~--+-- ~ ~ ~-;:--- --=---.-

~ ~c./'---~-i FUEL "'-

AIR INTAKE "-COM8USTlON CHAM8ER

A pulse jet: engine; (A) charging (shutter valve open)
(B)fuel burns and the ens!lne accelerates (shutter valve closed)

COMBUSTION CHAMBER

YENTURI

A ram Jet: engine

static I
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Rocket engines .3

~ ~ 0~1 ~ ~,> 4lA.~,... ~)..I..i~~~ I~ L;J )~ 0~ ~ ..I..i)~I,S!,> ~.)'!)l5'L;J )~ lA.)y,... tY ~.I

~)~ ..:..>, ~ 0~1 ~ .:.-.1 ~ ~,... tlo~ ~ (.$lA.)y,....)'!.L..J)G. .)'!~.I.)'! ~ ~ Jo.> .:..>,-.

<::~ 1 -~ I -I ~ 1- o~ l;).1"':I'1 ~l..' ~ l.., .kL...i1 -1- 1'1 ~ "1- I ~~ ~ v--- v ' ~ ~ <::J "'Ir') -) r. . ~ -.9.r> ) ~ ~ -.9.r>

. ~)~11.5"~~. I) .: I} (.$~~ ,~I

Turbojet engines .4

~ 0-:'.1~. ~y-S 0J-.;.I )w cS (.$)~ 0w ~ ~~.! 1.5"j~l 4- ~ ) ~ (.$lA.)y,... ~),... )~ lo ~I ~

..::o.-.J )~ ), ~ . ~~ JI.;:.>I~ (.$~I~ ~ ~)y ~),-. ~ I"~ o..l..i~.! wL..b3 (.$I)~ lA.)y,...

o~.r-J wW~ ~ I}l ~I} ~~ 4 ~~ ~ o~ J>b ~ I) I~~,> J.>~ 4 ~ ~b)} )y,... (.$~

.k~I}I)~ cS ~j~ .:..>,-. 4 ~ ~ JI.;:.>I~ ~)~ ),-.~ ) ~~?) ~ O~~ (.$I~. ~

~ ~),..; J.> ~ ~ ..Ljl;).~ I}l ~ O~, ; ~),> .)'!~)y 4~,> 01) r )~ ~ ~ ~~j 01 ~ r 6..Lol;..

propelling ~ 1"'-''''' I.?"~? (.$IY'-"~j~}'1 .J,J J:'.):>) lA.}S'~I ~ ~~ ),-. ~ J.> ~ ~4

~~ ~Ip i~ cS (.$)~ 41. ..I..i)~11.5"~~ I) thrust (.$~~ ~ ci) 0~Y::-!~ ~r 4 nozzle

.~41,S!,.lho..l.> )~ )y,... 0lo..l..il)l; ~.)'!.~.W)~ I,S!'> ~1)l5' 4 .~4 J,3 (.$lA.)l5'~~

combust on chamber

~1y-1 ~~ ~ .rib dS ..: 1.;5"~ ~ I"j~ ~.I)~

~ 010lo..l..il)~~ wJ~ ~ )y,... w)..1.3~4 ~

)~ ~Ij-JI d S.: ::.b)~~~) ~W ~~ ~J-!~I,>

~ ~b JW~ I) ~~ w}f»~ ~I}I ,~I} ~.~

01 J-;>u ~ )~U ~4 ~)y ~ JI~I ~ ~.}lo

A whittle-type turbojet engine

~ 40:1) 0)..LA (.$u,)y,...)~ ~I} ~~ ~ o~ ~ ~l;). ~~,3 (.$lA.jl.:.Jl(.$j,Jl:.:..o~)~ .;.3~. 4 oj~Y""1

~4 ~1y-1 ~~ ~1}1..;.3) ~I,> }I) ~ ~.I) ~~ (.$lA.jl.:-/l~.I~. ~)~ 4 ~l)~ ~.: I ci) }I)

. ~~ sfc ~l) ~ ~ lower weight to thrust ratio ~ 6..Lol;...: I} ~ ~ )y,... 0j~ ~l5'

2 combustion---------

0-50

pressure is
increased

through

<~~~~
star;1 84

o
o 1 10 11 14 16 18

volume of air nt"occII.-o ~tin
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\.]M ~ JS::a8

, compression,intake ~ j~ , O':>!]-!~}LS~ ~I).:>~~ }"";!]A0~ H ~ }"";!]A

}.:>, O':>j-!(intermittent) ~ ~~ },.,...}IS" ~ doS .:.,l.Q.; 01.1 4 .:».:> exhaust, combustion

~ }':;!]A~ ':'}.l9 ~I J=1.:>~ ~~ ~ , ..: 1(continuous) c.:.:...,~~ },.,...~ ~\..::..

. ..: 1y,1y,~Ir. }.:>~~. },.,... ~ ~

.:.}~ '*--!JI~I jI j ::>\..::..~)~I }.:>~1y 91~I j4 ~ 0~ ~ }"!]A }.:>JIy::..>1~~ ~ ~ ~,:; }'I

U"L..I y-'. ~~}L: 9}.:>JI~I ~ }"!]A}':>01.1y,~ .:>~~. I.S".:.}~}L.3 ~I)I ~,,::,,,;,y--J ~.I)I, .b~'

..:>y,.~ I.S".:.}~ bray ton cycle

AIR INTAKE COMPRESSION

fUEL
COMBUSTION

Continuous
EXHAUST

Propulslv. gues

'-.11-.11-

AIR/FUEL INTAKE COMPRESSION COMBUSTION
intermittent

A comparison between the workinlt cyclc of a piston engine and a turbo-jet engine

EXHAUST
Won.go.es
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.:), I, ,. y--!~ ..: ~ ~,y.; ~ ~ IS" ~,; I) ~I) 1S,y.; ~ ~ f j-' J..=.IIJ"'L..I)"!.: ::-),;,... cS ~

,F =ma ~I.s:..o f,.:J J..=.Ij.:-b cS ~b IS" j~ , .:J),i IS" ~I) I).: 1; LaISI~,y.; ~I j.o.Jl~ , 0.:J?

J, ,;3~,.; ~ fl.ul )"!.j~ ; ~ I.)'; IS" J~ ~lA> jl o.:JlA::1~ ~I)"!~ m =% ~ W =mg ~
..:J, ; ..: 1ry ,.:J )"! cS .: 1;

(Fn) Net thrust (I

~~ ~.:J u)~ ~ , .c:.b (Vu) ~ r ),;,... ~ IS.:J,), ISI~ cS .:J"::'IS" J)lkl ~l> ~ thrust tY ~.I

: .:J~.,UbI,>)"!.j~,.:J ~ \) J,...) U)~ ~I).:J ~~.::.S;-> ).:J),;,...~ .:J~

Wu
Fn=-(VJ -VJ

g

Fn = Wo (V} - Vo) + A}(P} - Po)
g

;::::Wo CV, -V

. '. " " :~- 1":

"::~ _'~~~"':~;<--'_~~,~~\1" >~_..>_;~. "';'. _-~.

:q;.w.~'~.Il...\k;ecJl>).:Jjetnozzle cS ~,

: ~~ choke .:.Jl>).:Jjet nozzle cS ~,

jet ).:J...?"');> lSLJ.jlS' ~r V/ft/sec) ') ),;,... ~ IS.:J')),ISI~ 0j') W,,(lbs/sec) J,3 1S~')-O;3).:J

~L-.,I)L: J P}(psi) , jet nozzle ~ ~ Ai 'IS.:J')),ISI~ ~y-' V,,(ft/sec) ') nozzle

~ ~, .:J~ 0.:J,j-J11~ ~ ":"':>j-' )';')-0 J.:>b ).:JL:..o...:...: 1~I ~l::-.I )L::.9 Pu(psi) , jetpipe

..:J.:J~ )iu J ~ ":"':>j-' 0j, jI )';')-0 J.:>b IS~ ~ ~.:J

(F JGross thrust (2

g g.

Fn = Wo VJ + A I (PI - Po)
g ..

: ~~ choke .:.Jl>).:Jjet nozzle cS ~,

. .:J~ o.:JlA::1 EPR o..)..;.A).:J0l..:;.,jjl , o.:J~ )"!.~.01.s:..o1

. P

(Engine pressure ratio)EPR = )7 = ratio betweenjetpipe total pressure to intake total pressure[2
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Thrust Horse Power

0L.j .1>1,).:;0'>":'f~1 )5 power 4l> ).:; .: 1( Ib ) ~~ 0i .1>1,, .: ,~ thrust ~I..1,:-o4S),b;l..oA

: .:;,.:..:..o.)1A:1.)'!jJ,...} jl ~I~ I) ,.) ~1 ~ ~1) ~I~ }"1Jb- . ..: 1)~ .., ,10i .1>1,, o.)~

THP= thrust(lb) x V(mph)
375

0i THP .~ 4~ .: 1;-4000lb0i )~,..., o.)~jl,.r,Jl> ).)750mph ~ r 4I$!.~I¥"-Jl;.o @

Ihp =375lb - mile / hour

4000 x 750 =8000hp
THP= 375

...

~

jl , .c-:.,;I)F =m(Vj - Vu) 0i ~ J, } 4S .: 1f j'J o~r. ,J.=::~,~ r. };.- J.oI~ .)),...).) ~ ~Ir.

: ~ 1S")r. I)};.- J.oI~ 0i ~)<>

(~) Jet Nozzle velocity (1

. .).)H .: 1;- ~I)I ~4 ( j~ .1»,) ) ~ ~I)I.),.:..:.. o~.) J,...} jl 4S ~),b;l..oA

(Vu) Inlet air velocity (2

.)~ J :.l>~, .: 1;-~~ ~ ..)~ .: 1;- J-AolS" ~4 Va~I)1 .: 1.)~ 4S ),b;l..oA

.~4 (Vu= 0) 0,L Jl> ).) )~,... 4S

Ram effect (3

~Ij-JI.: I;- u-? ci4, ~ljSl )~,... 4f~.),), ~1¥" f~.)~ ~ ~I¥" ~r "'.::"yt>~~.)}"I

J-AoLS"~4 Vu ~1j-J1 J,...} ~ :0 P'!~.) )y ~)o jl . ~,f ram effect 1)J.o~ &!.I4S ~4, IS"
- -

ram ~ ~h 350 mph ~'J4 ~La.~ r ).) ,o.):?~li.o A.~ 4 J.o~ ,.) &!.I~ .)~ IS".: 1;-- -

0WJ I$!';;' ~ ~ .:,~lA;;I ).) I) ':'(Ju ;~ &!.1~') J.t~ fl}'4,.:; . ~ IS" J~ I) VU ~ ~h effect _

: rpm (4

).) ~Ij-JI )..w .)'!,-.;~ , o.)~ ~ ~I) &!.I~, .c..=.1.)~ ~I) ),.)4 .: 1.;4S.: 1~I,

..: 1~4 ~La.),.) jl ~ ...,...;I~'14 ~La.),.)
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, o':>~ ),_..747 ~y. 1S').r. doSJT9D ~ J,ro ),.,..".:> .:»,..,).:>I) ),.:>4 ..: 1; ..:..1~ ~I).:>

J,;-,-" ~~ J~ '':>.fI>,..: I), , ,y'')t5'b DC-8 ,707 IS;) .r. doSJT3D ~~ ),.,.., IS~..:>

.: ,11S),i .:>4."'-!rj'J ...: 1d~ 1Su"~ ~;.o I.s!~ doS~L.r.:-" W ~ I) ~ pratt&whitney

o~ pI 29.92 )L:...J, 59° F ISLA.:>~ .:>)..\,jL:...,1~I~ ~ 4.).:>~ "'-! .by..r> .r...:>li.o~I doS

o 5O"k 1OOOk
r.p.m. ~

GTE thrust vs. rpm

Airplane speed ~

effect of airspeed and altitude on thrust.

JT9D-7AH

{

Nz =7807

Max. rating: NI =3600
F =46750lbn {

Nz =5000

Idle: NI =960
F =2500lb

11

%65 i.:>,.l> 5000 .r.'.r. Idle ),.:> , N2 ,y'LI .r.doS.:>~ ~)L. ~y.;f 0/0100 I) ),.,.., ),.:>pl.l> }I.
~I ..L;>%5 .:>,..L;>J i~ 2500 ~ wi I.S~" thrust ~l> ).:>.:>~ 7807 ~ ~?Lo ),.:>

rpm ~ ~ thrust w':>~ ~ ~ ..:..~ "'-!~~ I.s!~ doS .:>.:>h .ii~. 46750 ~ thrust

..:>~ ~I,> w~ di J~).:> I) ~ ~I~.:> ...: 1
JT3D - 7

I

Nz =9655

Max. rating: NI =6185

Fn = 19000lb I

N, =5000

Idle: NI =1850
-F =900lbn

Pressure ratio (S

~ .uL:,1 ~I ).:>.rl o.:>b~~ wi .:»,..,).:>3 _ w..., ).:>doS.:».:>thrust .r. ISI o~ ~h ~I; ~~

ISU,),.,..,).:>, ~I.ii ~.:>,..\;>t.o~ ),.,.., ~I} ~~ ~ ),.,..,).:>~~. ),.,.., J)l:> .r.~,I doS~

rpm ~~, o':>~ ~~ ~I; ~~ ~~ ),.,.., J)l:>.r. i.:>~ ~~..: I o~) 45:1 jr "'-!I.Sj,rl
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J~),) 01 ul~I,))~),) 4..S,)~ j..,b %100,),.1> 'J4ISUb),,)):. design p51}'~~,..: I

. :.~ pAl,=> ~ r)~ , r,...-

\S~ J.oI~ Ab (6

I~ r~ IS,) 4S IS~ J..o~ ~ , :.):. .: I}' y. ~ ~b- I~ r~ :.~ o~:.J, ,.9 jI 4S 1S),.b3l.A.

r~ ~ ):. , I~ ~I:. :.~ :.4.j I~ )~ ./1 ~ :.)~ ..\jbl,=>I) }I 0l.A. ~ ..: I}' )"!.:.)~ }I

<L.:.!4...roLS I~ ~b ..1..14.J..!.ljll~ ':'}r- ~):. ./1 ~4 . ..1..1~J..!.ljl ~ ..: I}' , ci4. ~Ijl

.: 1r;..5 I~ 4..S0~l; ):. ~ ~ ..\jbl,=>..: I}'..ro1S~4 , ci4. ..ro1Sr~ ~ ),) , ()' ~)

. ~~..y~ 0t:: j "-!~ lSy...oS..: I}' ~ )~,...

\ ~L..i1 I Ab (l~ J~

p-S )l;..j 0~ tlli)1 J..!.ljl4 ~ ~~ air density .:.1;--~':~l; ~I, ):. )~,... .: I}' y. tlli) ~b-

.H-i ':')y> ~):. .~ 36000 :.,.1> l; 0~ ~, ..1..1~..ro1S ~ .: I}' ~ ci4. ..ro1S ~ ~b :.~ ~

~ ~ ~ ~36000 jl ..: I}' ..ro1S ~ 0:'~ ~ I) ~I:. ..ro1S 1S.1> l; ..ro1S 0-1.1..1..1~ ..ro1S

4):. ~ :.)..I,jl:.-.,I~I;---:' ):. 747 \S~I~ IS,) )"!JT9D )~,... Jl:..o 01~ "-!.:.~ }'~~ rlA:.

..ro1S 10500lb :.,.1> "-!JoI ..: I}' .~ 40000 tlli) ):. )~,... ~ .~ ..y~ ..: I}'48500lb :.,.1>

...1..14.~ ..ro1S ~~ "-!.::..>, ...9.".- 4S Iy..j.: 1~,... 41,),=> 4S ...1..1~

T~, hJ (8

.H-i 7% U ..ro1S 0-1.1)..I.i.o,o~ 4:: 1S~11S..y~ ':').1! jll~ ~,b) J..!.ljl 4~~ ISLb )~,... ),)

01o..I...JI),~ .b~ 0~ rich ~41~ ~,b) L:b)~,...~I),) 4S .:: 1~I.ili-o 0-1.1~:...J-.y.:-o

.b...i9IS,),), ISI~ 100% jl L:b)~,...0-1.1),) 0~ ~ ~ ~ \SL:b)~,...),) ~, ..\jb.l;:-o..ro1S I) )~,...

),) 1S~l.; I~ ),) ~,b) ,)~, 0-1.1y.~ .)...,) ~ cooling ...9.".- "-!75% ~ ,~ :.;1.;:.>\ ...9joD25%

. ,) !..I,j.I" Ab-.::..A!,)A .u.al> .: 1-. ~I..I,j -I~I .l.:.Jl.i) "",Y.:J ~ YY.~~.r--T

..:~~~~~~tu.~~:::::::::::':::::':i::::::::::::::::::\::\:::::::::::::'::::'::::':::::::::::A4if6JP.~;;;;fT~:::::::::::::::::j;:::::::.:::n:::..";;',"

altitude effect 1

humidity 2
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;I ),..LioJ1~ ~4 :.;!.~ u)}-'" ),;,... J>b):..,s c..l~w.;I, jaj ~ ~IA.: I ~i}) c.s~ ~ 0l.o..>,;l)

.:.:.:/ J..:.l> ~~ ~\.:.;.::..>, Jr'-" ~, ~~ :.LA:jIp; jl \.;:.,.::.f~1 ~ ~i}) 4 ~ ..,...;I~

J.S ,Wbjlf ~ c.sJri' 0::-!":"';-;;1.: 1u}~ , ~~ ~ \}.>b 0l.o..).jl)G.~I 0l.o..>,;l)tY ~I ~

u)y-> ~):. ~ , ~I; ~.~ ~ ~ , .: 135% :.,.l> ~ c.sUb)';,... ):. 0l.oJ.jl) ~I ..::..>, d);> c.s);1

..} J jl.ol, ;I ~l:-i 0'-::-<>~I ):. ~, ~ .lA>1,.> ~ ~);> 0l.o..).jl),J.j"::':'4.j J...~ ,:. ~I ~ fb , :.):. j';..>1

(thermal efficiency)TE = gas kinetic energy
fuel heat energy

f
\S ~IJ ut

( I
.

fjm' )PE
work done on a / c work done on a / c

propu Slve e'}IClency = = =
. energy imparted to airflow gas kinetic energy

2Va
V +V.a J

~I) 0l.oJ j') ;!.j ;!.~ , ~l.::-o~I)' ~I) 0l.o..).jl)'~4. ~l.) (Vj) ..s::,~ <.SUbjlf ~ r :/1J,...) ~

~ ~ 400 ID ph:.,.l> )..GJ..., ~ <.SUb),;,... ~I) 0l.oJ.jl) ;!.~ ~ . .lA>:' ..s" 0 L::..i I) ~ At..?t.o c.sUb)';,...

.~.., ,L: ~I jl ~ ~r c.s,)"!)..GJ...,c.sUb~I~;bl.:> ~ ~, ~l.::-o~l.) 0i ;I~., O.l::-');S1

~ r-»:' ~,.: \)..GJ...,~ ;I ;-os ~4 c.sUb~ r ):. ~l.:> ~ <.SUb),;,...~I) 0l.o..).jl)~ ..:..9~:/1

~, o~~ ~~),; jl ~ by-pass tY0l.o..).jI)~ c.s~)';,... 0l.::-o):.j4, ~~..s" ~ 0i .r. ~4.j c.sUb

c.sUb)';,...;I ~ ~~ 0).>..0c.sUb~I~ .,s .: 1;bl.:>~ ~ , .: 1by-pass jet j' ~ ~~),; 0l.o..).jl)

. .: 1%85 :.,.l> ~~ 0).>..0c.sUb)';,...~I) 0l.o..).jl).~ o~lA::1~~),;

,
\S

d...Sc.s), b ~ o~~ ~ 0l.o..).jl),:. jl ~ 0l.o..).jl)~I

. ~ (" ..: ~:. ,.. .7' . . r-::-"

OE=TExPE= work done on alc
heat energy of fuel

_tJI I
o )00 400 600 ~ 1000

airspeed(mph)

Propulsiveefftdenciesand aircraftspeed
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: ,1j,)yf IS'" .:-.94 xj JIS:..:.I~ gas turbine <.S1A)!f,..
. ., . ~ 1.<'" I~~)!f , 0!~)!f · )JS)w ~ ' .r.~)!f.~ ~)!f

~IHHJ~ (1

~I jl ,))b wall>~ ~ ~ <.S~ ~i}s. r$ <.SUb.:..&.r <.SI.)'!6L. ~,1jI,> ~~,),;i ),) dS)~~

, .: 1o,)b propjet ~ turboprop ~ I) ,)p <.S4 ;I~ c,;~ )!f,.. cl ~ <.S1A~1~),) ,)

~ ) -..: .:J).1.9,J.j} jl 0,)~ <.S)k., ;:-5 0j, P jl') ~ )!f,.. <..:J,>.:J~~ ~ .; ~1 ~.; ~..I..?

ybl.:>~ ~ , .: 10'yf )~ c,;~ ~ ~ ~ )!f,.. 41 . .: !0,)~ ~ 6L. <..:J,>.:J~~

.,),.:.IS'"~!f c,;~ )!f,.. ~ 01j) , ~,> <.S~I~ <.S,)4j,)!..u;j~

2 STAGE CENTRIFUGAL
COMPRESSOR

J~ JWS ~ (2

tl"';! 01.o,1j1)~1 ,)~ )~ ~ ~ <.SUb)!f,.. ~lSJ ~ ),) . ~,).I ~ ~ ~I) 01.o,1j1),)),.. ),)

HP ,);1,~I 0'~ LP compressor <.S'~ .>1<.S;I..Li.ox,-.J ~ 4.S ,1j.l.oi01~ ~ bypass jet

.:..&..r-'.H , t',) <.SUbjlS ~ jet pipe ),) , 0,) ~.~ I) )!f,.. ),,) IJ ),,) ~tlS" ~yb jl ,),.:. compressor

~LS J ~ ~ <L.:>- L ,). . <: - ,-. ~ . IA.IS.:..&. . ,). ,b_I':"- .u- '~.r . .~ . ~ r-' r.Y.r.~ . ~,;> <.S) .r u~, ~ , ~,;>

J~ , o,)~~ ,)~ .:J).1.9~ ~, ~ <.SUb)!f,..jl Ub)!f,..~1...I..?4 IS'" ~1j.91~I) 01.o,1jI)'Vj

..: 1;:-5 )::-i4ii

b . airflow thru the fan
'Ypass ratlO=

primary airflow thru the basic engine
bypassjet 1
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High-pressure High-pressure
Fan compressor turbine

High-pressure
shaft

-.-

Low-pressure
compressor

Combustion
chamber

Nozzle

)U)6 ~ u~. J...l5:; ~I~);:, doS~I o~;:,.;f ~l.1; ~);:, u3~)':; tl,.;1 ~ .s~)':;,.., ~l5:; ~);:,

~Ij" ~ bypass ratio .sI);:, ~ 0;:'y-S )U )LS I) I, " jI.s~ ...,...;Ij"~ )~ doSu~lA;~I ~~

P&W .. ;:,~.;:, ,. ..)tbl hi gh bypass ratio engines 1.:1 4J q~.~ 4J ~.~.. ,.),.,..,) ~ " ~ . j"-' V';-~- . ~ ~~

) ~Iy> ~ Ub),:;,... ~ ~I );:, . ~15:1 ;:'~..I.>~~ ~I ..:: ,1~ 4~ 747 .s~) y. doSJT9D

~;:, 0~j ~ ..:: ,1~~),; .s~)':;,... jI;;..oS 4;1 sfc ~~ 0L:.;:,~;:,~ ~),:;,.., ~1.s1..\.c. ;:,,.;. I..S'"J.ol> u3

.;:,~ 0..1.:>.;:'y!.~ );:, doS)#l.oA. ~ ~)~ ~ ~ udl> ~ ~ .sy. 0L:.o~I~);:, u3~)':; .s~)':;,..,

Rolls- ~ GE90 0~ ~ ),:;,... ~ ~I .s4J.M ~r>I);:, . ..:: ,1udl> ~ ~~),:;,.., ~.;:, jI ~ 01 PE

9:1 ;:'~..I.>bypass ~.~ ~I o~ ~L.777 4~ 0~ ~ 90 6Jb;:'.s~~I~ .sly. doSRoyce Trent

.~I ci~. ..:: ,;:,~~. 125000 jI ~ ..:: ,Iy> ~ ~),:;,.., ~I . ..:: ,1.;..03 jI ~ ~),:;,..,~I u3 yb3. ~I

High-pressu re High-pressure
Fan compressor turbine

High-pressure
shaft

.......-

- -

Low-pressure
shaft

Low-pressure
compressor

Combustion Low-pressure Nozzle
c.hamber turbine
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~I ylfl..,.-UJ" ~k; <:I~I ~,y:> ~r ~ L5Uz,jlS')1) L5j}I;S1 ~ l;..::.-.I ~l> ~ L5Uz,)J'J-4

L5UjlS' .h ,J'..I...::>).:. 15 ~110 , e:-L h...J' ..::.-.1.;..1...::»':'90 ~185 ,~ ~ J..:>~ J.r' I) L5j}1

) o~ <:I~I L5j~1 ~}!)J' )"";J-4).:.~, ..::.-.1rr'J-4 residual thrust ~ ~ .:.~ ~l; j,.1'

~ 0-!.I..::..>L..,).:.Lycoming .;~ ,.:.~ "', ~M 6.j1,fl..)L.., 0~l> ~ J.r' ~,y:> L5Uz,jlS'

..:.~ o}.::.101~.s ~).:. 0.:.lA:;,1':')J-4T-55 , T-53 ~ 01~')/~), ..::.-.10~ ..I..olr)J'J-4

L5L i1,~ ) ~ ),.k ~ ~ )J'J-4~ ~.:.;5' <L b-::>Lo~ L5),.6~ : Conclusion-( -(-(

ex:-> UjlS' ~ )~, I, ", oJ...::.~ jetpipe, turbinecombustionchamber,compressor

~ ), 6 ~ .~ .:.y. ~ ~ }f>' , )~ .~ r ~ ~pS ~I~ yb ) I) dl~ ~ )J'J-4 J.>I.:.) )~

).:., ~J:'.~ ~)~ loss 0-I.~ ~. 0L.~I) 0:'.~ ~ ~I~ 0-1.1~ J...::.~L516.j~ ~ ~~ ~ )J'J-4 ~Iyb

~ y--Ib ~ rj~ 0L..;ybl> ~~ .:.,;1) L5),1.:.~~ ~I).:.. .:..:.yfI).:.I) 0L.~I) 0:'.~ )J'J-4':'y. ~

~ ~ 0.:.~1 1;--S'1,.u,J)~ ~ I)~ r J...::.~rj')/ ~ yJb , I~ .u,J) ~ ':'~j I) ~ r J...::.~rj')/
\

...::.-.1 J':'L:, ~'""'" 0'':'1... 0~.r ':')J-4 ).:. ~ts::.;0:',1,

"--!~~, .:.).:.)} )J'J-4 ~ ~).:. ~ ..l.:.Ar'J-4aft fan ~ ~ ~}!)J' L5Uz,)J'J-4~).:.: Hint~

uC~ ).:. ),...;J-4J-:>I.:. ).:. ~ ) ~ , o':'}!J~ ).; )).:.01L5Uz,~ ~.: I free turbine~ ~
~y-J I).:.y-J L51,", ~I.:.)} )J'J-4 0'~)':'~':' ~, 0':';5'L5j}1~ Uz,jlS' ), o':'}!~,y:> El.:.L5Uz,jlS'

':'r L51~ uCr")':'~':' ~, El.:.L5Uz,jlS'uCr")':' ~)J' ~) ~ 0~' ~.~ ~II) ~ J.A;, o~

,.:.,..::.~ JW:; IUz,)J'J-40-1.1)~..:. oj,yol,,A>.I) ~k; fail.: 1~ , o':'}!d};> ~ ~ ~ ...::.-.1

The aft fan gas turbine engine.

( SFC ) r D~., c.:> ~ J.)JAo

.I t~ L5u)J'J-4 ~Iyb ).:. ..: 1~L.., ).:.thrust ~~ yJb~I) ~ (lb) ~ ya.o "::">r' )~ ojl, 0-1.1) )~

...::.-.1 )~ 0-1.1~ ~ yJb ~l) ).:. ~

subsonic flow I

specific fuel consumption 2
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~ "-!~,)'J' ~I~ )~ ~'jl 01 ¥, , cl; ;I} ~ )j1~ ~,4- ~ J,)J!J-'~ p!~,) dS J~1.oA

J!J-'~ .,),r-~ .:..J~ J'.r>' '::"'>!J-'0,),j' 4~, J,) l; ~I JI.r>1 d t:.ft~~ ~ ~I~ 0-!'~~ ,~ ,)J~

: ,)~.:.J~ (axial) "~J~n ,(centrifugal) n}";Ajl :y..;n ~ ,,) "-!

JUts" ,4..:;j; ;I},r-,..=U~ o~ ~,)I~ 01 ~'J J,) dS ~I~,) ':"J~ ,,-!.u.1:J0-!1: Impeller (a

,)), Ij-AJ""'"~ J.> r: rl!.:A"-!,~,f RGV=rotating guide vanes ~1 "-! , o.)~'./I,~1~

, 0.);.5 ~ ;> impeller ~L> .:...0 "-!~t.a.:. .:..J~ "-!}";Ajl :y..; ~,~ }I ).) , ~ lA0~ 0~

jl ~ 1j-A.~~'-$"""~1;-s1 ..;.J~ pA, ~ r pAl~ cl~ ~Ij' J}-'~ .b j1 ";'1~j;1 0~

~;-' ~~ y. 0';U ~ ~I J.) , ..: 11;1, ~lits"dS.)~ diffuser.)), impeller jl ~.r>-

air 4 elbow 01 ~ 4..S~ ~~Ij ~LA I~ J.!;b jl 0T jl ~ , ~~~ ~Ijl ..;.)~ , ~IS"

jl ~.r.?~ J,..J.:a;.o~ lAJ,;~ jl ~ J.) ..)~ JA:;.:.oJI.r>' ~lA~ "-!~~ outlet casing

...: 1shroud ~I;I.) impeller 'J""'"~ 01.o..uIJ~I , J'~ ~4Jlits"~ LA0~ oS,;jll~ ;I}

:.),..;,.:.J",r-j J~I "-!~I ~ }";A jl:y..; J}-'~

Singlestage single entry -I

Double stage single entry -2

Singlestage double entry -3

cl.o~ jl ~.r.?,4-, ~ r~1 ;bl> "-! 01 ~lA~ ~ ~,~I r~,JT jI.::J1jl impeller ~ ~

.~ for ged.:.. , cU"'wT .) ..lIo4::...11 ~L .)')'...i "'wT .1 ~I . ~ dh- . J - '.r- ., . T J - J u---
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,-",Io 00

~4c>i);j FOD wlS:.ol,O;j~(sturdy) ~ ,r',;j 4~,.: IwL..1wt.:.IS;I~,.:.>L.. Ub),~ t:Y~1

~;---l:>;j~ ;kL> cl?;j~ .)l.tjIS~ ~4 dS .: I.)l.tj 4c>ifrontal area, ~ wLW'l}" ~~~,.: I

~~ stage ~ ).) ), ~ 0-!1~}" ~~ .~ .1A>1,>.)l.tj~4 ~i sfc , o.)~~ Ub),;,.,. ~I ":").l9,~1}"

ISLA),;,.,. ).) L ; ..).H )~ .)~ stage ,.) jl ~ I~ ~~ ~ ~ jl J..=.b .:...91~ cl?~, O;j~5:1

stage ,;j );j , 10:1 ~ stage ~);j ~I}" ~~ ~,; 1S),1 ~ jl o.)lA::-.14 PWC-120 IS)"'" w~ ~ W).l.o

.~,f IS" ~ radial outflow compressor t:Y ~1 cl?..: 1~,; e-.H!j~) dS cil.t ~ljSI15: 1 cl?

single stage
single entry

diffuervanes

AirDowat entry to diffuser.

'''ouble. stage
single entry

~
single stage

double entry

TO
'~-BURNER

CAN
AIR

ENTEFJS
NEAR
HUB

IMPELLER DIFFUSER COMPRESSOR
MANIFOLD
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: ~J' -oAJ~~ (y

axial flow d..S..: 1ybL>~ , O.:l}!axis ..:.IjI,..o~ , ~ ~~ ..:.)~ I~ 04fi" 1A)r' ~ tY ,y.1 ),)

~ ~, jl 0).> 0 I.SUb)';jA 4...oJbybl> ~ ~ , O.:l}!~ tY ~ ~ o~ 1541;.0151).:1, ..>..i~ o~li

.~ o.:lt.a::' )r' ~

~t ~ ~.:I)~ , 01.:1;~ ~.:I)~ ~~ , oJ...:.~ stator , rotor I.S~.: J jl )r' ~ 0!.'

~ ~ ~1.:I1..u;.IS ci4 ~ I.S.:I~ I.S~ stage jll.S)r' ~ ~ .IS.: 1~1, , ~~ stage I)

o~ ~ ~4.:1,;1 ~ ~ 4 ~ 1.S.:I4j.:I1..u;jl stator , rotor ~.:I) .Y"41 , .:1).:1~I; ~~

j' ~ ).:1.~~ inlet guide vanes ~1 ~ .IS .:I)b )} ~t I.S~~ ~.:I) ~ )r' ~ I.S'~' ).:1..: .1

'~..>..i~ ~4 ~t o.:l~ Jp I) )r'~ ~ 15.:1,),1.S1~)J.i.o )1,1~).:I ~ ~ IA~ 0-!'IA)fijA

)j-'~ ~.Lilol, jl GJt ,~4.:1~ )"';jA ~';lS , O.:l~.:I),>.}'!),;,) ~.:I) w-::J,1~ ~~ oU.o.>~,1~4
...u.:.S: o .,.. ~ I ::>-.. \WJ;:-'Y.

o~ I (' A ~...AJ.:I,,\;,>'I.IS.l.:.J-~ - . . f(..s - .: J ell J...:. ~ ~ . tA.oA : Rotor ~, ~ _) y) _", )"'))r' ~.rr- . -):t""""

0!.1.:I,>, ..>..i.:l~J..=a::.o)r'~~.:I ~ ~~}!)1,-.,o.lS O~.:I; ~ blade 1.S.:I1..u;jl ~.:I).Y"

~ 1~ , O.:l}!1;1, )'~ .1;_';,.:I~ Jlits' ...>..i.:l~ j :L:.o)r' ~ ~ ~ spline ~') ~ j:-i~~.:I

, ..: 1twisted t:-L ~ ~I~ .IS),wl.oA..:I~ O.:l,jSl~)\..:j pA, ~r pA1;1, ~ 0-!1j' )~. . .

)~ ~ ~ ~I , ..: 1~ H )j-' ~ I.SUb ~ ).:1..: 1~) jl ;;...oS..s ,; ).:1 blade angle

jl blade angle ojl, c.i'~ ~ )!f-' ~ ).:14:..:...0 ..: 1o~ r~1 ~ J,b ).:1 I~ ~ r I.SjL:..>,~

blade ~ ~',).:I d..S .:IjL :-o)"';jA)Y"-" 4~ ;, .IS ~14t,lj .IS .:I~ o.:lt.a::1stagger angle

~).:I .~41.S"""~1j-91~..s,;.: o ~ stagger angle.lS.:I~ d-~ ~ ~ ~,.: Iangle

Ub <li.J . ..:1 A ~.I- <li.J ~ .:I A.- .f( - 'Il;..>..ib ::t .f(..s:: ,.:IellJLaiI t__ .:I1A<li.Jr.S "~r' r.S~ ~ - -)) ~ )"'~ ) ) IS""~ -' U""'" ) "
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4...S ~ <.SUb~'))).) , r~~ Jl.::JijI ..I..il~ .h..., <.SUb~'))).) , r~,Ji Jl.::Ji~ c.S~~.)) ).) )j-J ~
...>...:.4.)'1,s jl.::Jijl .: 1~ '0 i )L.;j ~ , ;';,...tY <It~,; 4~ ~ t.s" };9 t.1.), 0.) ? c.S1~~ ~ ;.)

dov"a.1I root
('W'1th locking blade

and .acl'8"WV)

Methods ,of securl"g J:»lades to rotor.

~ ~~ ~}:> <It4S ~).) )} stator r~ ~U <.SUb~ ~.)) ~ ),;,) ~.)) ~ jl ~ : Stator ~

~ r-' )~ ~ I~ , .: II}"I,~1~ Jul.), ~b ~~.),;1 Js:.:., ~ J.A:..o case)j-J ~
4S .: 10~}' O~~ ~ti ~,.) ":")}N"<It)j-J~ ~~ .",-!~t.s"c.f"!1j!1J.)L.;j ~';r. 0,;ti ~, 0">"':'~

shroud <.SI).)~ c.S~.)) ).)~~ , o~ ~ ~1c.S,)r. ~I,::..oc.S~~.)) ":")}N"<It~U c.SUb~

0;..1 0 c.Sl..<b),;,...).)..: 1)~') c.SUb~ <ltL:...o~ Ub~ ~I ~ ..),..:.c.S~~ ~~ J.j) jll; ~

.~.)~ I) ),;,... ~I)l.) l; ~ ~ ~~ ~I jl ~.)) ~

VANESHAN

~VARIA
.

B LE

.

: .

,

ANGLE
VANE

VANE, TIP' . t
COMPRESSOR STATOR

, VANES. "MAV BE
STATIONARV' OR

VARIABLE

).) 4...S ),hiw '..)...;..ou~stage I) ~U, 0by-f ~ ~.)) ~ ~~ (t--;'~ 4S ),hiw : Stage ~

, ~LS ~ ~ stator ).)~, 0">"':'.)~jJ.)L.;j ~ , ~ r ~ ),;,) jl )~ ~ I~ ~t.s" ~ ~

.uWI4::-l~ J.)~ L..oI~li~';; I~ ~r )j-J~ )~ J,b).) ~Ir.~ .",-!~t.s"c.f"!1j!1~ j4 J.)L.;j

,~ stage rA ).) Ij-A )~ c.f"!1j-S1 )~ ~ ~l.ol,jl c.S~~ , ~ c.S1~0~~ ~ ),J.;.;-o<It..)~

l.;.,).j~.c.>L.. stage c.S.)~j,)I~ jl ~)j-J~ ,) ~I jl.: ll.2:1 , 1.1:1 ~ .l.D)')20 ~II0 .),..>.>
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~Ij-J' ..:..k ~ lfij .:I"':'~ .,).,jl,.;~ I.S.J.> jllA. stage .:I1..wJb .J'b~ 1.01.:1.:1;J.ab ~ .:IJ}A ~I; ~.r'>

~, .:Ifi~":"J~ J.,).,jI.oI,..::1~, o.)~ Jio~I~, r~1 ~ J.)l.i~ ISlA~.)JI~ ~I.) ,).~ ~~

d...S.,).,j~ .c>L (triple spool) I.SJ~ 4 1 ~ ,(twin spool) I.SJ~ ,.) lA.J"'" ~ 4S ..:: 1J:.1.) ~

...:: 1J .,).,jl.ol,jll.S~ ~ , J";}AI.Sfi~ Jlbul , wl.o.,).,jIJ~1j9ll.SlAJ.'J jl ~ ~ ~ 0:.'

~ '-r!~ 0-!1ci~ ~~.),;1 jl o.:llA:1~ R.R. Trent w~ ~ ~~ J-; I.SlA.J";}AJ.): Hint~

.:: ,1; ~Ij-JI ~ d...S.:: ,16 =..9~..::) 45:1 o,J.;.;$oy.::>~; '-r!~ ~ J";}A0!1, ci~ ~I}I 1.35.1

~IJ wl.o.L>IJ.)~, I..\ Q ~~ ~ts' ~4lA.J,.;}A0!19:1 J~}:.s '-r!~..:: 1o~ ~ sCc~lS' ~.r

A)single-spool compressor

C)triple-spool compressor

stage - 1
stage - 2

stage - 3

stage - 4

stage - 5

14.7 x 1.2 =17.64psi

17.64 x 1.2 =21.17 psi

21.17 x 1.2=25.40 psi

25.40 x 1.2 =30.48psi

30.48 x 1.2 =36.57 psi
......

stage -10

stage - 11

stage -12

stage - 13

75.85 x 1.2 =91.02 psi

91.02 x 1.2=109.22psi

109.22 x 1.2 =131.07 psi

131.07 x 1.2 =157.28 psi

compressio n ratio = 157 .2~4. 7 = 10.7 : 1
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B)twin-spool compressor

D)twin-spoolcompressor(geared-fan )

'-r!~ I.SI}.) 1.S1clb.1'" 13 J""- ~ ~ - JLo

I.SI~ J~ ~I ,o.)~ 6..b.1'";A J~ 1.2 ~1;

~I~ '-r!~' ~~ JW ,~414.7 psi I.S.:I'J'

J;I stage Jr> J~ ~Ij-JI 4...S~W ~,.;

.Hly. ~1 stage Jj--> ,17.6-14.7=2.9psi

~b J.:I~.: ,I 157.3-131.1=26.2psi

J~ ~1j91 }.u.o ..:: 11.2:1 ,.) ;A ~I; ~.r'>

cL.:S:;0-!1, o.)~ ~ ~I~ ~i stage J~

.~.)~ w~ IJ~ .l.IIJ,9~lb.o ~

- - - --



ressor :

A) There are several advantages of the axial flow compressor. They are:

I. high peak efficiency (i.e. compressor pressure ratio).created by its straight through design;

2. higher peak efficiencies (pressure) attainable by addition of compression stage if desired;

3.small frontal area and resulting low drag.

B) The disadvantages of the axial flow compressor are:

I.difficultyand high cost of manufacture ;

2. relatively high weight;

3.high starting power requirements ;

4. low pressure rise per stage (approximately 1.3:I maximum)

5.good compression in the cruise to take off power range only.

A) The advantages of the centrifugal compressor are as follows :

I. high pressure rise per stage: up to 10:I and 15:I in a dual stage;

2.good efficiency (compression) over a wide rotational speed range. idle to full power

(approximately 1.3 mach tip speed) ;

3.simplicityof manufacture and low cost, compared to the axial flow compressor;

4. low weight

S.low starting power requirements .

B) Disadvantages are as follows :

I. large frontal area for a given airflow;

2. more than two stages is not practical because of the energy losses between stages.

2-18



Outlet Guide Vanes

diffuser ~ 1.r-i1It";;" <) .h..>J,J:. )~ , ~; t) I~ J.>~ dS .: 1)}-' ~ ~li lSUt.~ ..At.))~p.1

JI;:>I ~ "-!t .: 101)L;.9~I}I, I~':"'&r':?; pAj4 01 ¥, dS .: 11;1, ~ )j~~ .~}~

~.r-; dS~.;b "-!;.)~ , o~~~4.jJI;:>llSl.r. I~ .:...&r pAj~ ~~ ~I,> ;~ ~)~ , ~,..;.o.)\.)~~

.~~~ JI;:>I o~I..o1, o~ o~l.) c.f.Jblf I~ .:...&r pA "JI;:>I ~ ).) ~ ..IJb1,>

)~ "-! i<)" ;;" A Ut.~ tl~1 jl ~ ).) 1..01 .: 1disk type "-!~,~ .:.j) 01 c~ dS lS)}-' ~ : Hint~

.: 1Ji'¥' ~I )~ jl ~ dS )}-' ~ )~ W .~,f drum type ~ ~I "-!dS .: 1J.4:.o )}-' ~

}~ ball bearings, roller bearings lS,).H' o~ ~~ hollow .::..)~ "-!~~~ i.J'~ 1SUt.)l::J1jl

..)~~

~.I oo,~~

~ .: 1~ w1frontal area ~ .: 1~.).)..a;..o~4.I}o~I;I~jS"y>jl }!.; ~ "-! ~ )}-' ~ ~ ~I

~~ w1~I;LS,) ~I jl , .o~~ .>.:Ii~~ .: 1; u-? .: 1~ w1pSI; '-:"t~ .~ ~~I ~~ ~~

~I.;b ~, o~ FOD;~,j ~;I~IS'"'L..:>, ..At);r~lS:..ow~ .), .: 1~ w1oj-t,.:...>}-'~~ u-? o~~

i.J'~ )}-'~ Oi ~I .)S )~ ..: 1;~ w1~)I~ ,~ ,~ w1 ~ , ;JS:.=..ow1 ..:..>L ,
..: I~,i , .$)j.!~Ut.)i'¥'

J, ...~ ~}J,-!
~~~ w1~I.lb..L.ol:-?, J. j.r1 jl ~ ~,.J:::- ),J::a.:.o"-!~ 4 u-? .: 1;I,~ , ~ ~16.Abi )}-' ~ dS .: 1~I,

~ LA~~ jl ~J'b ~t:: t..:-Jb)~ '~.J!~~ .::..),- ~~~, ~I::..wl.::..)~ "-!~~4 ~I, ~4

I) w1~~ )'~ ~ , o~ ;I, o~~ ~') )}-'~ JS' 4&.~ ~~~ ..:.Jb )~ , j,j~ ~~4 w~l.lb~

.~4-0 ~~4 "-!rl~1 balancing plugs w~~ ~4.j , pS4, o..1.i1>r:

w~
~ ~ ; )~ ~ ~ 1'-:"tlLo~ .r.jl ~Ut.)~ , )}-'~ ~ ,~ J'b~.)..a;..o.::..~ jl w.).r.~}-' )~

~LA~I~)~ ~ ~I.H ~~..:.q. ~I.lb)i'¥' ~)l::-!).) ~~ ~I.lbJL)~ ~ ~I jl.~~; \?1.;b.J!~

~ ~~, ~ ,cl; }} ~ )~ ~)~ )}-' ~ .J!~ ~ ..: 1o~ o~~1 ~~ ~ ,~~I ..:.q.

~~ I) I~ ~I centrifugal .:.-J .~W~ .>.:I,;~~4 mass flow ~4 ~ .:...&r .;b~ ~~ ~
J~~ ..).)~ ~'¥' ~)~ ), ~ ~ ~li.o)~ I) ~;~4 ~Ir! pSI; '-:"t~ by> ~).), cl;

~I;I~)~'¥' Oi ~I..: I ,,:-,l.:..treverse flow JI;:>I ~ ~I;I.)..:.q.~Ut.)i'¥' ~I.r.i.J'~ ~;
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0j, ~ )~ ,~ J,b 0~ ~L..;..,..

~ ~I c:?;3 oH)~)~~' o~~;;..o$

~.. .~I I_.l" -.. I_AL -I-=->I~~ ~ r '""'~;--' . '-'.f-

~ dS ?.J"" jl j-!.:J), ~ jl o~lA::1~Iy.~

"s~ ~I~ ;.bi "sI;1~01 ~~ ~ ~,;

)~ .~~ ~,..> J~La.a "s)~ ), ~ jl

.~~:J oal,;u ",:-,r=o "s~'r.1~1Combination sxJal-centrlfugslflowfJOmpreuor.

w~

"s~~ 50 cUb~ )~ I~I ), ~ tY ~I .~j~

~ ~ ~ ~, .;...j:J };-i cL.aJlb.o~),.....-

0~~1) .: k ~ 01 4'; 0~j 01 )~ "s),J~

)~ ~ b-i ~I jl )w ~:J .~ ...Ai,::-o~4

~,; ~ ~, ~~ o~lA::I"sjl,.rv"s1Jb),;,...)~

)~ 01 jl o~1.A:-.,1JLo:.>I 4.l-b "stp ~ "-!

.~')~ ~~; ~1 )~ ~~ "s1Jb),;,...
Mixed flow compressor

Active clearance Control

'-='~-_' ~ ~.J!.'-; ~ ...: ,I~}' ~1} ~~)~ ,~~ "s~)';",,",)~ cl))~ ojli )~I ~ ~I

~)L> ~~ 01';~..5 ;.> ~I ~)~, ~j~ "s)~ ),;,... JI~I ~.J,J 4)~ 1)..5.:.>"sl~

~~~ ~ 01 4:...>~ , ), ~ "s~~ ..s,;~ Jlo~1clearance , ~ ~ ",:-,,.Lbo~)~ ), ~
AtR COOLING

MANtFOLD

.~

<L..ol;y. ~~ I) Ip 0~~ ;I..\i.o~~,

I. . -<' oC-A-, . <'I - ~ . li..ul.o..: o . .) )~.;;- ~ t- Y . -~ - - "sr.)

~~ ~jL ~I;-J ),.;,... ~ "s1Jb.:..)~ )~

01 sCc ~ )~ , ),.;,...~ 0~~1) ~~

tip 'o~ o~lA:: 1~ ~),; 4:...>~ )~ r.~

t:urbine case cooling. .~~ oal,> JiI..1>),;,..."sIJb.:..)~ ~ )~ loss
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, O~),>~ 01 J}> I~ ~ 04.fi" ~W j,~ ~.1> jl J4 0~ pJb~~)'!I ~.J.o> ~,lj./1 dS ~I..!.:-o

<.SI~ ),-. ~ ~ ..)...jLoI,r~ ISlo~~ , .: ,1J~~ ;.:; )~ ~ 1S1r.t.¥',.,. ~I .~ ~I,> ~ ..I..iLoI, )~-=>

)-=>I~ ~ 04.fi"~' b)lh..:.I.~ ~I,> ),;,.,. ~;lS )-=>J1:> ~4 01 ,)I~,) dS..: 1~, ..: L:..:.l

~,f surge 01 ~ ~,) IS,) lAstage <I.oJb1S1r..w 0!1./1 , A.;.~~ ..I..iLoI,01 ~ ~)~ ~ J,I ~~) ~

:,)~ ;Al1>)'!j ~ ~ 01 ~~ dS

.,)j}~ 01~p, o~ ,)4.jEGT (a

...: 1o~ J.,.:.;...o 011S1~ 04.fi" 0~ ~j)~ )~~ (b

.~ ~ )15r} ),;,.,. I)'!j~j}~ ~ )'~ ~p (C

(sonic bang) ~~ IS~~ 1S1.1.D),;,.,. (d

.,)~ r$ ),;,.,. ..: 1.; (e

4 0!1r.~~ ~ ,) ISh,) , ~ f: ~ ..I..i},).::.S;> ,,) )~ ~ ~ , t:k 0~ 0l:>f: r41: Hint 1

jl ~;A ~. , .~..!.:-o~ I) ~ ,)4 )'!~ ~ ,I~ ~ r )b r. ,,) 0!1.)...:.~.1r., o,)~~I,.,. I~ 04.fi",,)

i ;;)~ ~4 I)~ ~ 0!1)~ ~ ~ ..I..iLoI,4 ~I) ),), 0,)1,) ).. ~":I) ~ ,)4~ ,}..>.A.o..I..il~ ~ r 0!1

.,)~ ~ ..I..il.ol,~4 ..I..il~ J.o~ ,,) 0!1 jl ~;A ),) ~I..:..oli IS).. ~":I)'!j .: :,1,)~ .l.o)')
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15.:1,),I.SI~ ~~ ~I, ~~,.:I~ .:I~j)}-J~ <1..1..0.>~,lj.:l"':' .:I~j(rpm) )~JA ),.:1./1: Hint 2

d :t~ l.S)b.;-! 1"'./4.:1 ~ ~ .~. ;;~;;- ~1..s).:I 1.S1r..~4,.:I~ ~ )}-J~ <1..1..0.>~,lj.:l"':' .:I4.j(Va)

.~w

0.:1j ~ ~ ~ ).:1 J4 <1..1..0.> 4 0~ pA ~ I.SUb)~JA 15.:1,),4.i~.:I~I~ ~),hi1..oA : intake icing .1

~ ~ ..:I~ ~ ..wlAl,~JA .ljl~ , 0.:1),>~ 15.:1,),I.SI~~ 04.~ .:I"':'~ ./1 , .lj}.:I}}

~ I.SUbstage jl f'~ I.SI~ ~I, \ "<"~~.laJ r~ I.SI~41) ~ I.S~)~JA15.:1,),dS.: I;bL>

..:I~ci./)}-J~

..:1"':')}-J~ ~ .ljlAl,~4 , 0.:1~ ~ I) I.S.:I,),I.SI~~ 0~~ .ljl~ ~I~ ~~ I.S~)~lA 2

..:1"':'surge , ~ .ljlAl, ~JA I.S~ ",:-,1.:..:.r~ ~ .ljl~ FCU 0.:1~ ~ 3

~ ..wlAl, )~.:I ~ )}-J ~ J4 Ji.o ':"""').:1..:1"':'~ I.S~ jl )}-J ~ I.S~~ <1..1..0.>~,Ij ~ fb ~ ./1 .4

.~ .al,>

pressure ratio, air flow, rpm ~ d . t...:~)~4 .:I~ 0~.:I y..'-"'; ).:1w 1.S),hiLoA.5

~ 4...S .ljjl :o 1.S),b ,) I.Sj,yol~ I.S~)~JA' .:I,)~ )}-J~ ~.ljlAl, J~I.:I)~ ~ ), ~

AtmQw,;'jncr~sirig'___'

Lim1f$pf~tJbJe (11"'0""..

\ IJ~ \$

surge line, working line

(safety margin) ~I ~l>

~1 ).:1 .~4 ~I.:I .:I~, ~IS"

I "I&. - <"I ~ , ..: oAt;1..).JWv-" f1I"":J-'.~~. ~ )..

~ I.S.:I~ )~ ;bL> ~ , .:Iy.

)~ JA ).:1dS 'y..j ci~ ,-",~I 01

.: tU . <"I , . axial flow .:...:>. f1I""r ..r' .

..: 1rpm ~t ,O.:l~

.:.)~ .:.u,1~I ~ .:1.:1./ )~ JA 0.:1l::.91)IS" jl ~ , <l.o.1.o:>~JA dS ~ ~~ ~ )}-J ~ ~ .ljlAl,

~1 ~Y-::-o I).l..! ~ ..wlAl,0~ , ..w.A~ 0L: ; I}l ~IS" 1.S~0..la.:l0L:.;dS.a~ 15') ~ ~)lA ,~

.~W~ C)k.II).:I,> 04~,.:I ~ ~ jl ~ ~I&., O.:l~)~JA Jl> ~ ~~, ~~.ljlAl,

transient stall 1
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d...S .: 1~j-o lJI>~ ~I w.)~ ~ ~.)I.) ~ ~ d$ J~loA : variable inlet guide vanes (1

~~.;; lJI>~ ~I.);I.) j~ ~ ~I~ ~ J';"" d$ r$ ~lJI>J'.)J.) ~ ..)~ J""~ ~ JIS~4

~ I~ l; ,lj~ j4 lJI>~ ~I ~1o,;1 J~ .)~ .)~j J'.) , ~.)(.5"Ik IJ j~ 6,;...,.)~, ~, ~

.~W JIS~.) j4 ;.sl~..> 4 J"" ~ , 0.);S'~1.9)1..oJ';'J ~.) J ~,I 4(~J.) 4 l; 2) Ji 0~1 d.l.o.>""!,Ij

J.) ~;; o ~ ,lj,..:..c:.>L ~ ~ ~U ~~~ }'I d$ ..: 1~I, : variable stator blades (2

.~w(.5"l ~X? k ~ ,ljlol,jl , ~\.) I~ w~ft"~

HP ,LP ~ jll~ J!)-'~ ,.) lAJ';"" b3 ~I p::;.iSd$ J~loA : twin spool compressor (3

J!)-' ~ .b..,,; 0'>"':'o.)~} c.S1~ ,ljl*" r$ ~~ J'.) J.) ~~ 1.lJo.)~ LP jl ~ HP J'.)d$ ,lj;l.)

~ ~ J!)-'~ ,.) lAJ';"" 0-!1 jl ~ J.),~I.:! ~IS ~,ljlol, #, 0.)1.)J~.)'> jllJ LP

..>...:.4(.5"1gyroscopic load 4 ~~ ~ ~ ~I jl ~~ d$ .l.:.>~(.5"I

},.J ~ ~lA stage ~.) j.i.b , .: 9J,...;.os ~~ ~'J ~ valve ~I : air bleed valves (4

~;;.H ,uW,1 ~I~ 1.lJ,ljJb;l) j4~, J.)41..0,;1J~ (off - design) r$ ~~J'.) J.)' ~\.)

~..kb ,.)~ o.)t; ,} by-pass duct ~ by-pass ~~ J';"" J.) , ~I ~ J""~ ~ ~~.: 9

r$1~ ~~ ~I.H .)~ I~ ~ ~ ~ d$ J"" ~ annulus y.:--o6S"..: 1~I .ili.-o ~I

ojl..Li1~ IJ-A~~ ~4 ~~J'.) J.)' ..: 10'>"':'~I~.)~ ~l> 100% J'.) J.)6S"J';"" design

.:.Jl> ~I J.) ..),..:.bleed J';"" jl ~l> ~ ~4 U""?o.)~ .)~j y.:--o0!1 ~I~ wi ~ .)~ o.)? ~IS

w~ choke jl ~ J.) ,d~ ~I~I ~ ~lA stage J.), ~IS ~ ~~ stageJ.) I~ w~ft"

low mass airflow ~ ~ ~ ~lA stage ~ ..Lilol,, IJ-A .)l...tj ~ ~ ~ ~ ~~ stage

~1o,;1 J,b ~ (design conditions) .)~ ~.)j.i 100% ~ J'.) ~, 1..01.~i(.5"l ~ ~ ~X? k

~U"i ~I)'! ,~ JIS~'J¥ ~,41o~ - ~1.S:.o~ J~ ~ air bleed valves .,lj~ ~

r~L.S:.o 0-!llJI>J';"" jl ~ J.) ,.),..:.t~) 6.b~.ro~lJI>J';""manual ~ ~4 ~i .)~ ~~~ jl

air flow control system wi ~ ,0.)~ JLS~loA variable inlet guide vanes ~ ol~

'.)"':'(.5"10.)tA::1bleed Band jl bleed valves ~~ ~ ~J';"" ~ J.) W .~~
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'~J'
~ ,-:--,L: )l.: j , ~ r 4I) I~ 4So~ .s.:.>L..., ~I~ ~),b , ~,s' air intake .1)),...;;-oS~k ~,)')'

, ~~L5""~Ijl )L;j, o~ 4:..."lS"~ r jl ~)..Ik ~ .: 11./1, .::..),- ~ ~,)')' ),) 1~ ~ ..>..iL...Y. ),...;;-oS

oLJ,s' 0lS:..o1.l>.l; )';!JA ~,)')' J,b ~4 ~4 ~b I) ~).;I.:..il J91.l> )L;j ~ ~r ~4),) ~I ~Iy.

),) ~, 1..: 1short pitot type .::..), ~ )"';!JA ~,)')' (r.::.., 0,,)L) ~y.}L ~LA~I~),) .~4

),) ~I./I, ~~ jl ~,)')' 4S ~~ ~)lS"~4 ~l> ~ ~, ..: I.::..,-}'!.j I~ ~r ~)~ ~Ub),...;;-oS

~I, ..L'; .::.., ~.r--' ~ ~ ,)~j I) I~ ~ r--' ),...;;-oS~, 01 J~~ l; ,)),1 ~~ J-AlS"I~ ~ r

.~ ~I,.> choke ),...;;-oS

air Intake I
subsonic2
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Supersonic Intake
~ I~ ,~,-,.r."'" IS~I~ ~ )~ cJ,.:-..1 ~~ y.,j IS)'=- IS~)"'" ~ )~ I~ ~ r ~ 4S ),b;~

~~» ~ 0' ~r ~4, ~~intake ~), (~)~ ~I~ ~r ~~) ~~ jl~~I.r" ~~r

.~,::.J.!~ ), ~ ~ , o~ o~b.J:.W ~~ jl ;;..oS

)L:.9)a...S~"l.jl,> ~~~')' )~ ...: 1variable throat EY jl SJ~ '-¥, r."'" IS~~I~ air intake

I~ I~ ~4 0' ~ r ~IS" 1S1r.~ .:-..1~~ 0'~1.o0~ft" ~ ducts )~ ~, r."'" 1S1,.ao0~ft"

)~ ~)~ ~)~ 1;3'1,.:..Jb ~I )~ , I~ .:.Jb I~I )~ IS~')' ,) 0!1jl .~4 1.11,~ r ~ljllSlr. , o~~

variable ~)~ ~ .J::-iintake .: o-i ~I,.ao ~ r ~I)__ ~': ~ ~,; 4 4S .:-..1 ~, ~~ ~ M=1 0l3",If

0' jl ~ , ~~.J M =1 olf,If )~ ~ I~ ~ r , 0~1~ J!, ~ IS~~ r 4I) ~,> I; ~4 ~4 throat

.~~ ), ~ ~),, ci~ J-AIS"~ r .:-..11.11,~)~ ~ Ip.o 0~

-

DIVERGENT
SUBSONIC
SECTION

+-~~
I
I
I
I
I
I

CONVERGENT

SUPERSONIC
SECTION-

subsonic turbine engine inlet. . supersonic turbine engine inlet.

Air intake anti-icing

t;-!. ui:'~ )~ inlet guide vanes .struts .nose cowling ..).:.jl.o~ IS~),;~ intake )~ ~~~ 1S~.: o-i
.. '.

jl ~ r.f'.J(.j.,)~, electricboot~), ~ f'.J 1S1,.ao0~ pA ~ J» ~ ,)0!1 jl ..).j)~)} 0~j

.).j 4 ~I~ ~ .~ WI~ -. ~ f'T )~~
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u. jl$' .b~1 ~I }.::;fuel,:?>,... }I r. dS .: 1~I .::;;1.::;}} ~},; , diffuser ~ dS JI.,,:>1~ jl ...9..I.A

.:-..1 ~.).j ~ f j'i ..: 1~e ~.# }~ JI.,,:>I ~ o~.::;;f t;t? ~ dS},hiloA, ~}' T .: ~ ~ \S;}I

J :>}'::; 75 l; 70 ~ IJA~ , o~.);f JI.,,:>1 ...9~ (.,)..Q}'::;30 l; 25) JI.,,:>I ~ ~ \S'::;,}, \SIJA ! ~.# dS
4

..: 115:1 .:..:>,..., IJA~ ~ .~ ~ cooling ...9ra-o~

\S'::;,},.: o J 0~ , .)~ JI;-=>1~ .::;;1,diffuser jl 500 ft/sec .::;,.>..>~ r 40'::;~ \S'~ 0~fi'"

~L:.::-o '::;~j ~ .;--' ~1 JI.,,:>1 \SIr. j,a dS ~~<S" ~lS' 80 Wsec .),.>..>~ ~ ~ o~ .c.>L...l;fl, .:J}~

swirl ~yb jl }~ ~ ~,y> \S1j-Ajl 25% .::;,.w....: 15 ft/sec .),.>..>kerosene J~I ~ r 0~

~1..L..~,:?>~...9.ra-o ~, o~ flame zone .::;;1,primary holes, perforated flare, vanes

~ ~ ~ 0~fi'" ~1 , 0.)"""';r\S,A!>0~fi'" ~,; flame tub~ J:>.1.o}.::;, 0'::;~ J:>I.>,;~4 }.::;.:Jli~fi'"

}.) }!I-' ~ jl ~,y> \S1j-A ~ 75% ..: 12000°C .),.>..>4h..:. .:J}j> d.:?-}'::;...I.A.J..:.oJI.,,:>1 J~ ':":>r'

.::;;1,~}~ ~ dilution holes ~ f~¥' \Su.t'}!I-' jl , o.::;}!0~fi'" }.)air case, flame tube ~ ~ij

",:-,,\.;..0,o'::;~..:..illOOO°C.),.>..>~ .:J;lj> d.:?-}'::;dS .::;~ ~, o~ (combustion liner) flame tube

1j-A25% .::;,.w..~ Primary zone }.)~4.:..:>~ \Su.J~¥' fW dS.: I~.).j ~ fj'i ..::;.::;;f~},; \SIr.

~},..; .: o J ~ , .c.>~ JI.,,:>1~ \S~I}.) .: 1~ 0.)j~4 .:..:>,....:J}~ ~1 d:- }.) .),.;. .c.>r'

..)jL...r. ~T

:jl.).;j}~ JI.,,:>1~ ~I \S~..:: j

air casing-flame tube -swirl vanes -perforated flare -burner or fuel nozzle

jl 4..S0..L.:,.::;;1,.:-..1 (combustion liner) flame tube \S.),}, dSsnout ..:...oj jll~ 18% ~.# : Hint

J'~I \SIr.primary air holes )1j:-i 10%, 0'::;~ }~ flare )120°.10, swirl vane )110% ..:: j ~1

.~ ~ \S}lS' ..5..:.> ...9ra-o ~ ~ , o~.);f JI.,,:>1 ...9~ 1~ 28% .),.>..> ~ ..).::;H .::;;1,

combustion chamber (combustor) I

toroidal 2

2-26



~~ -r'-~.-
. ~J?~

-~ r-.

.

'_" ~ ! Vlr i ~--'-r'. <==:5

1

182 % ",v 8 % " I
1

1

1 '<:::::::;::>

r ~.I I 0% , .

,I : "% .'CJ 1'0%
1

1 I

11 q=q
~

1

I

"p I I

1

1 - I ..' ,URN'NGTOTA' !

I ' , i _ , I I 28% .. "", __ I I I1 1 1I

Apportioning the airflow

s'-Yirl vanes flame tube

interconnector

-.-..

~'i~
II
I
I
I

!
DILUTION TOTAL

72%

air casing
./

L dilution Clir holes.,~/

, ~t/~
.
'
.

"

~~~,
o 0' /\

T , 0o I
f

corrugated joint

Multiple or individual or can type -I

Tubo annular or can annular type -2

Annular type -3

Multiple or individual or can type -1

~ inter connectors .h ,~ flame tubes .1:A3, o.)~I~ ~~ ;I)L.,\S'jl.r>II.SLa.~ J,I tY ).)

, o~ ~') .) ,j)b ~ 6S La.can;lt;,.).hAS I~' )~,.., 0.)'; ~') c9,.., ~).) ..I..i)b.kL:-;)~~
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flame 4 oA ~.; 0-!.~ i.: ; , o~rS ~Ir' J'~ flame tubes ~ interconnectors J.!.;b jl .ua..:.

, ~ , ~~ .:,.>L.,~~ JI;-:.>t~ ~ 0-!11J-->.~ ;IS0~ ~I~ ,JL.:.9 J~ tubes

cl, ;1~ ~ 01 0j,~, ~~ ~~ IJ01 ~IJ ~ 01,::..:.0~~ ",:-,I.r>~ ./10~ ..: 10t...1 <.S)~

~ ~ 0-!1 jl..: ,I;;...s 01 JI;:,>I ~ 0lo.1jIJIlJ,..: 1~ j::-i 01 JL.:.9.:..JI,o~~ ~ h~

.~~ o~lA; llow power axial j::-i, centrifugal <.SUt.J';"" <.SI.)'!

Multiple-can type
combuster

INTERCONNECTOR
(FLAMETUBE)

IGNITERPLUG

Tubo annular or can annular type -2
J~ ~}~ flame tubes rW <.SI.)'!~ ~ <.SI~~ 01<.S~~ , o~ ~.l> I~ air casing E:Y0-!.1J~

flame tubes, ~}~ inner & outer air casing E:Y0-!.1J~ ~4 ~I~ <.S~ cooling ~I,::..:.o~

<.SLAJ';""jl <.SJ~ <.S,)~ 0-!1..1jJ1~.b4J) h~ ~ interconnectors ~~ loto~~ I~ h~ jl

.~~ o.,)Jb~ <.SJ'!,sLo<.SUt.~I~

COMBUSTION

A can-annular combustor.
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Annular type -3

,) ).:;,..s~':;' , inner I"~ J.>b ).:;,~ air casing .:;,~,,:;,..sI).:;,, o':;'}!~)~ flame tube tY ~I ).:;,

~ (:L,;.>I, ~'..>..i )""',-0 J->b ).:;,0">":'...it ..sWJ~, ~ ~ uk ~I ...>..:.l:-.:-oouter air casing fli ~

~ , .:..>L, uk ~, .:;,).:;,..s~ 0L...>..i1).~ )L.::J.:.jl~ ~ , o.:;,}!.;-os) 0j, I.H .:;,).:;,WJ JSI..l:>

..:;,).:;,..s.:;,4j0L.j ~ (:~, ~i 0':;':?o':;'~~ :J01)' ,:J~ J.:..9c',.;1~ ~ 0i maintenance

FUEL NOZZLES

Annular type combuster (SEVERAL LOCATIONS)

Reverse flow combustion chamber (annular)

.:;,), I~I jI 4i ).:;, I~ 0~.K" Ij!.j .l.:..<., ,-o through flow ~ ..>..:.o.:;,b~i w.:. ~4 ).:;,6S dl;:>1 ..s1A.~
.'

).:;,)3' , o~ .:;,),~I jll~ j!.j j!.~ J.:.b reverse flow ~ 1", ,-0f:.Y).:;,~, .:;,~ i:Jl> ~I jI jlf , o~

~ ~j ).:;,w ~),; ~ ~ ~ ~).:;, 180j'l.H , ~ i:Jl>'~I j' , o.:;,:?.::.$r )';,-0~ 9)6.

0">":'I"}' ~,-o ~ ,O~.:;,}'~,-o I) 0j, ~lS" , )';,-o.;-os J,k :.5:J ~I .~~ .:;,),>To.:;,).:;,)} jl;;.>1

~~ ~ ~ jl ~b- 0L...>..i1).:.j1~ cl,j,,:;, ~I..:;,.:;,~ dl;:>1 ~.~ 0':;')' ), ,r.-oS ..s:tlj> ..sl~

, T-55 0~ p...A..s.:;,..>-a::.o..s1A.)';}A:)':;'~ ~I jl..: 1annular ~ ~, tY .~~ Jr.~' I)IA.jlf

)""',-0~I..: I0">":'0.:;,1.A:1~\S"' ~4).:;, I;i j!.,.m6SPWC-120 ..sr>~, PT-6 , Lycoming T-53

..: 1triple - spool

Triple-spool gas t:urbine engine.

DRIVE
SHAFT

NI

TWo.8T .AGE
FREE TURBINE
H,

TURBiNES -- eXHAUST
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, <.Sj!,.H~I~ t'W )~ atomized.:..),.- ~ 1).::..>, , ~1~ }~ flame tube J->b )~ .:..l J:a.9~I

, ~, J-lS' ),b ~ , {:..y .::..>,...lJ~~ flame tube J>I~~ ~ ~,Ij ~ j~ .c ~<.SUb~,

: ~}~ }} o~lA::,1~)}A~ <.SUb)';}A )~ burner tY ,~ ~ ),b ~ .~ o~,~ -.Y';

Simplex Burner -I

~l:..o ~4.::..>, ~ ~I .~~ o~4 I~ 0-!1jl .::..>,...~ , o~~orifice ~ <.SI;I~.bi9 tY 0-!1

~ .~ ~l:..o ~~j .::..>,...J yA4 4 .:..).19x <.SUb)';}A<.SI)'!~, ~~ ~ .::..>,...J yA4 4 .:..).19~ <.SUb)';}A

o~4 JI.;:.>I~ ~ ~ , ~ ~,Ij ~ .::..>,...0L..:>L.o~ ~

jl <.S}.> A.oburner JI;--bl )~ o~,~ 0">""":'~ jl <.Sy.J~ .;b~ , ~~

.~~~ 0~fi" nozzle JI.;b1 <.SUbtl),... jl JI.;:.>1~ ~ <.S~')'<.SI~

Duplex Burner -2

)~ ~ jS".rJ1~ orifice ,~ <.SI}~4.S ~~ o~lA:-.1tY 0-!1jl ~~j .::..>,...0~fi" 4 .:..).19x <.SUb)';}A)~

)~, o~~~,s- ~I~ <.SI~ .~~ secondary orifice t'~ 01)'~ <.Sh~, primary orifice t'~.h...,

~, LoI~~ I}~is'> ~ I) .::..>,...0~;Satomize ~I.i .::..>,...}~~ 0~~ ~4 , ~ )'~ ..:..)l:: 1.:.Jb

.::.Sy> .::..>,...)~ }I )~ pressurizing valve .~~ ~ <.S.1>jl .::..>,...)~ , cl) ~ jl$ .c ~

primary
I

jl'L

)~ ~ j~ I)secondary orifice J.;b ~ .::..>,...<.SI~ , o~;S

)~H iS~ , o~4 orifice ,~ ~ jl .::..>, .:.Jb 0-!1)~ ~

0l..tfi" jl <.S;1.li.o~ eY0-!1)~ ..)~ ~b is,lh.oJI.;:.>I, ~

.~W~ <.Sy.Jk o~,~.)~1 jl , o~;S)~ nozzle JI.;b1jll~
FILTER CHAMBER

~.~
PRIMARY AND SECONDARY
(COMBINED)

duplex nozzle spray pattern.

-FUEL
INLET,

FLOW DIVIDER
VALVE

''"-MOUNTING FLANGE

SECONDARY FLOWTUBE

PRIMARY
SPIN CHAMBeR

COOLING AIR NOZZLE

DUAL DISCHARGE ORIFICE,

duplex fuel nozzle.

fuel nozzle or burner I
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This design provides good Atomization in the low fuel range, a wide fuel range and a uniform

spray over the entire range.

c.Sj~1~ o~~ 0-!.~ 01 J.>1~)~)L;..,j.;j1 dS~~.c.>L.." c.,b c.S),b~4 JI;:>I ~ ~ -1

..: 1J~ ~lS~)~ 10 t; 5 jl)L;j.;jI~, .~,;).JJb ~ 01 )~ JI;:>I jl J..:.l>

~ wl.o.lj\)0-!.'pS ':"}r> , )L;j ~ ~ .:..ld.aJ;I)~ l.ol~4100% ~4 4.)~~ )~ 01" JI;:>' 01.o.lj1)-2

.~.;jl 98% ~,.1.>

, )L.:Jw~~ ~4 ~ ~ ~4.j .:..~lAJ;I)~ ~, ~4 pS )~)/4 .:..~lAJ;I)~ flame-out J~I ~4 -3

..lj;l~flame-out ~ c.S~ ~W JI;:>I c.S~~ I~ .:..};> ~)~

.~)'!~ .:..)~ J.olS"),b ~ W1)~JI;:>I dS ~4 o~.c.>L.." c:"b c.S),b ~4 -4

..ljlj~ J.olS"~ ~ I) c.S~':"'>,...~ ~ )~ dS ~4 o~.c.>L..,c.S),b~4 -5

The amount of heat released per unit volume of combustion chamber must be great.

.c.>L .1.:.: Jb...,u... fatigue, corrosion .w:.j~ ..:..;lr> ~li.o )~ .u: ~jl:J1 0-!.~ jl JI;:>I c.S~~

clearance )~ 0-!.1c.S1)'!, ~Wu-o elongation 4. creep )~~ I) flame tube ~, ~4.j .:..;I~ ..lj~

..: 1o~ ~~ ...j)/

The combustion chambers must withstand corrosion due to products of combustion,

creep failure due to temperature gradients, and fatigue due to vibrational stresses.

combustion chamber performance I
combustioneffieciency2
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e.. .. ..e "I eA. ~ J~)A~"'" u ~...~

.~~ j~ ~ ~lo c.S=--!~~I.r.~ ~~ W.)~ ~ ~li ~~ ~ ),;,.,. .:...>,-. -1

w~ ~fi ~ AkA;~I jl .),.:.~') .:...>,-.wi~ ~I) ~ ),;,.,. <is~~ ~,; jl ~~ ~ ),;,.,. .:...>,-.-2

...:: 1.::..a~..:..Aj.1.) I.) .~ - A . -.: aL>E'C' )) ,)""""""!~ -

..)j~ Jots' ,~r <is~~ ~,; jl ~~ ~ ),;,.,. .:...>,-.-3

~j}~.) ~)~ ~ .~W.>..:J,; I$~ ~};>}~ ~ ~).) <is ~~ I$),b ~~ ~ ),;,.,..:...>,-.-4

4...t~ I$~ ~};> ~ ..).>1,).)IlI..:: 1~ ~fi jl..:..Aj~~ wj, .~~ ')I~ wi ~ ~};>

..y,; ~~ ~};> w~ ~ ).) .).j}.)I$~ ~~ wj, <is~Lb.:...>,-. ~ ),b ~ ,~ .>..:J,;~fi

~ ~ *- ~~.>..:J,; I$~ ~};> w~ wj,).) .).j}.)1$;:..oS~~ wj, <is~Lb.:...>,-., ~

.w - . A-I ..:..Aj e_1<'..5..J.1 . .. . e_1<'..5..J1..01~.w - . .. .'..5..J.1 - A-I ..:..Aj-~I$,)""""""!""');> ry)"'!:'" .)0:!.Y'-!ry)"'!:'" - - -~0:!.~}"'"::' _)I$,)""""""!);>

r4 I$I~ ~ .:...>,.-. jl ~ ).) <is..:: 1~,; ~ r j)l ...:: 1~ ~fi jl ..:..Aj~~ wj, .~ I.s-O

.~ ~ octane.N'g

.:...>,-.J>b ).) I~ ~ ",:"i .)~, .~W ~.)j .J:.ij..y,; .:...>,-.~ ~t...bi 1$,) ~4-i ~ ),;,.,. .:...>,-.-5

..) A e.)..J:.i. '-"-'-'.).jl-'-'IS) ).. ~

~ I)0# , ~ ~lo .::..>,-.~ wl.); ~labi l; ~~ ~I.) 1$)\S.;.i;.,)~L> ~~ ~ ),;,.,. .:...>,-. -6

...:: 1~ ;:u 6.l2.Ai~I jl , .)}.)~fi ~ ~ I$~ 1$)\S.;.i;.,)~L> ~ .~w I$)ts'~') IS'>

~.)j ~j .)~I jet pipe, ~),; oJI;:>1~ ~labi 1$,)c.S=--!4-i~.:...>,-. J~I jl ~b .)1,.,.-7

~.)j ~j ~,; hot section ~t...bi ).) wi JL.::..:,Ijl ~b I$Lbj~~~ .)~,.,. .);,! 0'::">,-.).) ~4..~W

...:: 1 ~ ~ .1..:..Aj .) .).,> .) e _e .~l..o..: oJ .. o..r-.F.) ) T. J Y'" - .

.:l; ~~ ~I.) .sS volatility ~L> ~~ ~ .:...>,-. -8

~L) .:...>,-. ~ ~t...bi, 41,1J>I.) ).) WU ..),)).J.Jb~ }I).) ;;..oS~U .~~ pS wi I$j,-.~i # ';,1

...:: 1~ III ..:: I;:..oS ~fi jl ..:..Aj~ ~L> w~ ;:u AkA;~I jl .~ vapor lock ..y,;

high calorific value I
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~,; 4 .:-..10-!~ jl ~ ..;:..Aj;:u .uw 0-!1jl , ~4 ~,~ \~~ ~I,.....>.::-1,;~l> ~~ ~ .::..>, -9

:.:-..1 o~ ~ )'!.j1.S"'L.1~ ~lA .::..>, ~ ~lA),;,...~Iy,~4 ~lb.o ~

, .: A.i1.,)"1,> jl ~ ,; ~ 11.,)"1, > , o~~~ ~,jl.f , 0-!~ , ..;:..Ajjl c,sb~ 4SJP-4, JP-3 ..;;(
~L.o I ~.l.f .... ." 1,,):"'), ~~

0~ flame out;6> , ~~ ~ .:..ld.Q;})~ 01 4 ),;,... 0~~ relight 4S.:-..1~l> ..;:..AjJP-I ..;;(

..:-..1 ~ .:..~Li;) 1)~ .::..>, 0-!14),;,...

jl 04? ~~I~ ~lA.:.S~ ~I , o~~,;~4 01~~I ~l..o~, o~~~ .::..>, ;:.LolS'tY Jet-AI ..;;(

..1.:.Jl.o.; o 0~lA: 1 . 1"" u

0~,j-91..:-..lr, ,...wide-cut .::..>, ~ , o~~0-!~ ~)~ 70 , ..;:..Aj~)~ 30 jl c,sb~ 4S Jet-B ..;;(

4 ~IA~I~ ~Iy, ~ 4S I) ~4 .:..~l.Q;})~0~ o~, ~ ~ 01 ~W ~.::..>, ~ 0-!~
. r

~LA~I~ o~lA: 1~),-o l;~, ~4)~ 01 JI.;:>I ~l..o~, ~~I ~l..o~..)JIj~ ~lS'.:-..1 j1lx

.~II.S"'l1:u JP-4 ~L.:...o, o~~ 1.S"'l1:u

Jet-AI, Jet-A 1.S"'l1:uy.:&.~lA.::..>, .,lj}~ Y,)lS')~I)~ .;..j~ I) J,s ~lA.::..>, .:..~ ~ ~,'.1:?-

JP-4 I.S"'L..I.ii~LA.::..>, ~1 ~1y, .~ h~ 4 ~~I.::r ~li ~ ~lA),;,...~, )~o~lA:1~Iy,Jet-B ,

~I.HW~ ~~ ~LA),;,...80-145 ~LA0-!~.;1.j~~ '-:-'~ ",:-,-,L:.o0-!~I.::r.::..>,~ )~ JP-5 ,

.~ 11.S'")W ~ ~ })a.Q' 0-!~1.::r~lA.::..>, ~ ~lA),;,...

~~ ~~) ~I}~, A""~J ~}.:-41~) ~L.~ ~Iy, ~~ ~lA),;,... 0-!~ J)l>y, ~ ~lA.::..>,....

, I~ .b~ 0-!~ ~ ~ ~li ~ ~ .~~ 0-!~ jl ;:51i;6>~~ ..54)~ ~ .::..>, ~~, .~~

gum formation 1

flash point 2
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~..b,.J.:i...o ~ ..::...>, ~),... )~ 41> )~ .: I;-S 0i jl;:>1 Jl.o:..>l.6 ~~ rich ).1.A.ii~ ~~

.~)~ ~~, jl.;.>II.S'.r. ~Ir- ~.rlr! )~ o~

~1) ..,..i, ~ J-> ,,:-,i1.S)..w... 1.S,l> ~ .w.: 1.ili-o ~1 ~I~ ..::...>, 4 ~1) )~ W ..:..lS:;j1 ~

~..).j~ ~4 js:..:.~ ~.6 ~L.j l;, o..>...:..io~~ , o~~I~)~..,..i)~ 0~ ~ ~ J>..,..i .~~

.w.: 1~i.r. ~ljL...,..i)..>..A..,~I,)~,.: I~;) ~l!, o~~~~,...~) ..:..1yh9~ ~') ,-:"i.~~~ '-:"~

~,... ~I~ ~ , o~).u'", ~i..; ),...;,...~~ .r.~I) ,-:"i1.S~4)I..>..A..,~~, ..: 1~ J> .::.>, )~

.~,)~ flame-out

jl .~4 ,)1) ,-:"ijll.S)~ .6 ~~~ ~,=oU~I~ ~ c.?>, .6 .: 1~11.Sr.f.:;.>,rl!a ~11.SlA.4i..1i~jl ~

I.S;;-')~ \~1) ,-:"i.w ~,::. J..:.I> 0~1l; o~~~ .:: ; ~1~ ~ ~')' rl!a .::.>, .6 .: 1rj~ ,) ~I

..: 1o~~~ ~Ij 0.x..;S..54 ~ .b...,;

Fuel additives

I) ~1) ,-:"i,)~I ..I.-Du-i,),}1 ,)1, .,-:",h ..)..Q, ,)~I ..)..QJ.oI~ jl .J.;;)l;.&..::.>, ~ ~,),jl ,)1,...~;~I)

...s-I'H ..)..QJ.oI~ , ~~ ~ ,)~1 jl ~4)~ 1.SlA.L.,)),) ~ .::.>, J.!L.~ ~ jl 0,)li: 10'~

.::.>}-. ~),)..5 ~ ,t"~ ~~, 6 ..I..i,)~~lA.1.S;:.f4,T~('£)l! 4d'H 0~ ~~,...

r~ ..:..)~ ~I ~ ),) ~Io~,) ~ 0,),j-91 01~ )y .::.>, 0.x..;S~j'; .::.$~ .b...,; ,)1,...~1 ~~ ...I..i~

, 0,)lA: 1,)), J-oI~ , )""1":"~.r.- jl t)l.bl )~ .,),)~ o,),jl r j~ ~),) 401~ ~4 ,)1,... &1.11.Sr.?'::'>"'"

.~~ .u..~)""1.S~1~ manual ~ ~1)"" J.,) &1..rlr!~i 0,),j' o~

jl ~ ),...;,... ,~ JIS ..).j1,=.:-o&1.~ 4.hA! ~~ ),;,... 41> ),) ~ 0L:..;;.61.>.: 16~ ~t ),) : Hint

jl.r=>1bray ton cycle ~ ~ ),;,...),) .6 .: 1&1.'.ili-o &1.'~I J:.I,).,))..).j~,),~ 01~ )iu &1.'

f&1.~4 .::.>, jl 0,)lA: 1~ . ... ,~ ~~ I;i detonation # I..H ,).r..~ ..:..),.." ~U )l;j ),)

.~~ J-AoLS 0i ~,) j4 ~),; 1.SlA.0~ 15,) jl;:>1 jl J.al> ..:..4, ) ~ ..:..k ~ 0~ .,))b ~L. j ~,),~

I.$!Wbl::-),) &1.~ jll.Sjl,~ ~L.. 50 p.n,l.> 01,=.:-0TBO ~),) .6 .: 1o~ ~ ~I.> ),;,... yl::S' ),) ~

jl ~ ...:: 1~I) 15)""1~ 1.SlA.),;,... ),) &1.~~ .::.>, jl 0,)li: 11..H .,)~ 0,)li: 1,~4 ~1..).j ,)~, JP .6
15') .w.~)"" ~ ~4 1510,)1.A::1~ ..:..),.."),) :,)};~~ ~l; FCU )IS .r..::.>, ~~ 0j,.6 I.$!l::-0i

.r' o,)b u..:. 2-69 ~ ~,)jl,,) J-9 ),) l;i ":"~.r.- .6 ,),)~ ~~ ,-:",J.b..o~ l; ,)~ o,)b J.. ;~ FCU

free water I

fungi 2
Slime 3

alternate 4
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!:!J)-'

o.d-,~ .~ ')}-'~ 0~b./ ..j~ 1;1, 0:'~ ~1~llSj;1 ..s::-,Y:>tb 1Su"jlf j1~ ..: ~~:. 0::-!)~

0::-!),...>ISU, stage ~ ~ .:.,/,> ,)l.:.9 ~I ).u.. , ~ ~I 0-::-1)~ ):. jlf ISL.:. , )l.:.9 0-!1.r.~ ~.~

0::-!),...>ISU, stage :.I..u.;)t;;.. .:.):. 01 )}-' ~ :.1..u.;, ),;,.., cY~ ~ ~ 0-::-1)';1Su"stage :.I..u.;, .c..;,b

.~ W ~ 0~b./ ..j~ , 0:'''''';~~ u"jlf jll) 1S;;1pSI.,)..>(j ..: 1~ ~ ~),; jl ...I~~)~ )~,.. ):.

Nozzle guide vanes (NGVS)-1

.' ~b ~';.r..I JS:..:.~ :.~ J)lk1 ~):.;I) 0::-!)';0b./ 1Su,,~ ~h yIbjl J.:.9~ ~\; 1Su,,~ ~

, ~ ~,Ij ~ , ci~ ~I}I .: 9 0-!1 j1 )~ ~ u" jlf .::..&.r IJJ ..: 11~ )'~ ~ ,:. 0::-! Jl;l5"

~L., .w::-)~ 1S14il.> .:.,)~ ~ u,,~ 0-!llAo),;,..,j1~):. .~~ :')'>.r. ~),; ISlAo~ ~ t$F

ry..f ISI~ , o:'~ T~\;>,; NGVs ":")J..9~lSu,,),;,..,):. .x ~ nozzlediaphragm b.~101 ~ , o~

Wb ~ I~ 0-!'.:.~ ~\;> trailing edge lSu"tl)}-'jl , o~ 01:.), ~ ...s,; , ~) j1HP )}-'~

CASE STATOR SHROUD ROTOR

The four basicelernent of a turbine assembly

Axial turbine I

holIow 2
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cSl.G,f ~ ~~ NGVs ~I):> .,)~ ..: uLo...~1 "-!6...0..1...:>0.M1 ,);1, jl , ~1,) d; o..S..;>I; lA~ ,);b 04.~

.~W stall, surge ;l::-~I; ;r' ~ o.r.J. , backpressure~~1~ .,s~~

. Turbine Blades-2

J.a:..o fir tree ~):> "-!0-::-!;Y~,) ~ cS,; , .c..:.1~;1} NGVs ~,) J ~ jl ~ 0-::-!JY01~~ cSlA~

6..L.;.s ...:: 0 ~ ~ '1sta gger ~ I' . ~ twisted ~b I.,.i 1 1("..' . lA~ . I.~L...-,. . -JJ -'J ~ , IJ"-:r.r..~.r.:' - ~ .-

u,~ ~I lAJY""jI ~ J,) ~ ~ .~4 ..::...>I~, 0~ ~ J,k;~ lAjlf.::...&.rl; ~4.1S"~I)I

J,) .~Ic.s-" ~ "-!.:...uLo...,)~ 0-::-!;Y0L..).j\J.:.JI~4 .,s ~ .s ,; jl lAjl! ;1) jll; ~ shrouded

jl 0-::-!J"';cSu,~ ~ .,),.:. cS~ ~ 0-::-!JY0j, ~ 1)1 jll; .).j~ 6.:..>L...;:s jl; lA~ cS,);1,...~

0-::-!;"';cSu,~ ':")')...J~ cSu,JY"" J~ ..).j~ 6.:..>L..forged J-!.):> ~, o~}-!nimonic J,ro )~1

0t~~,..- .~~l> 01 ...s,; jl, o~ ,);1, ~ ~J jl HP ;r';-;-oS cSl~, hollow ~ cSlA~,);

I
I,,
I,
I,I""

-,I,.,
.,"

""tu'
."
"/
::'

Turbine blade cooling.

~
REACTION SECTION

DIRECTION

OFF~

DIRECTION
OF ROTATION

NOZZLE

~,); ~ ,N.G.Vs ~,)J ~ .~W J-o.=ou

J).-::...,~~ stage ~ IJturbine blades

",=",-,I~0-::-!)"';stage ~ J,) ..:.;1y-> , J~ .:.JI

stage ~ J,) .:.,;1.;-> , J~ ,)4.,) jl 01.r--ojl ~

.., ;I~ 0-::-!;, cSu stage ,)I~ ~ J"""""

.~l.:::.o01 Jr';-;-oS cSlAstage ,)I..wjl .;---S

TURBINE
NOZZLE I l TURBINE I

Turbine driven by
the impulse of the
.gC!sflow only.

D
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Turbin driven n
by the impulse of -< /
the gas flow and
its subsequent reaction as it
accelerates through the
ccmverging blade passage



.~~ ~L-.. impulse & reaction, impulse ..:;"J~ ,.) "'-!~~J~ .~ ~ «.SU J~jA J.)

,~, jl ..),.;. J"'-" ~ 0~1.)}' ..j.r' d.-S ~ ..y~ ..:;"J.1.9J..L A;l ~4 ~J~ ~~J~ «.SLAJ~ jA J.) ~

«.S~.), LAjl1.)Jpy. ~,~ ,.) ~ ~J~ J->r: EY 0-!1J.) .~~ reaction-impulse EY jl

«.SLAJ~jAJ.)~''>-':'~ J'~ «.SLA~ &:-! \~ Juts"J>'.) jl5 acceleration j\ ~I> reaction

.~~ ~ jl5 .)J,>y.}\ J.) .b.A9~J~ J-> r: ~ ~ impulse EY j\ ~~J~ ":;"~~J~, .::..A.:.~J~

...: 1o.)L ~~ ~ Juts"~J~ tY 0-!'J.)

fir tree root
with locklngplate

de laval bulb root
with loddng screw

,.., tree root
with sharik seals

-Methods of attaching blades to turbine discs.

Turbine Discs -3

«.SLAJ~,...J.).~~;I,- 01~ «'s'J~J~ «.S~~,.>..:..:,~ ~ turbine shaft "'-!..:;"kA0-!'

..$...;.>HP J'- ~ ~,;> «.SI~~~ turbine blades, NGVs 0~ pA # turbine disc..:;"J.1.9.J?

~J""; «.SLAjl1.);I" O.)H 04fi" J.) ~JL> ~.: ~ 01 ~.,b J.)' ~~ jS r" jll~ 0-!1..)~

~ tU thread type air seals ~ y.:A~J~ 0.)~ ..s..:.> ..j.r=w "'-!45 ~I~ ;I.1io Jp J~ "'-!..)~
. .

.)'J,...i«.SLAJ~ljl turbine disc ~ .~~ 0.)1.)},i~~.) «'s'J~~ # labyrinth seals~1

.~~ ~L forged~.,b"'-!rj'J ...~I «.Sly., o.)~I..:P~

Turbine shaft-4

shaft ,.), ~J""; (0- _' ,.) twin spool «.S~J~jAJ.).~;I, 01 «'s'Jdiscs, o.)~hollow ~J~.::..A.:.

J.)«.S~.), ~ ~, HP compressor "'-! 'JHP turbine 45HP turbine shaft r~ 'J J.)~ ~Jb

~ ~J~ ~ J~I .~ ~, LP compressor "'-! IJLP turbine 45LP turbine shaft ...~ J>b

J.)«.S~.), ~ J.)~ roller bearing ,.) «.S'J~""'- ~J~ ~ ...: 1spline~.,b "'-!J, ~.::..A.:.
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Turbine blade creep

lA~ dS.)~ ~ I.S}S ~I~ &!', ..1:>.J::cs".)4.j ),.),)/4 .:..}".:>~).)).) ~ ),;¥' ~),; dS.: 1~1,

lA>~ ),;¥' 0.);5 d¥,l> jllJ"'? ),;¥' ~ J,I ~L..}~ ~ ).) .~~ creep 04 dS ~ I~ J,b .)4..)jl

jl ~ )~¥' ~ ,.,.) ~L... ;lj..-A~ ).) 1..01~~ primary creep I) .:.Jl> &!IdS ..\,j.)H;! J,I ~, ~

o i ~ , ..\..Jl.o.:-o~~ ~b J,...b .)~.) jl &-!I4...S.::-:J .> :Ao1#;! ~,1 J,...b ~ lA>~ ),; ¥' 0">"':'d¥,l>

~ jl .:..I~ ,.lS:a ~),; <.Sl..-A~ .~~ tertiary - creep 0i ~ dS ~ , 0.);5 .)),>;! case

stagger ~ pA ...\,j.)H ~~ ..>...:.4 ~ I.S.J.:> jl ~i J,b .)4..)jl ~~ , ..\,j~ ~ )j4 creep stress

;--L:ujl ~ ~u.~ '~.)H ~~..>...:.4 0.);5j,~ <.S.J.:>jl ~~,.)~ l.S~ojl..\,jIlA>~angle

...\..J.)~ ~~ j~ .:..)~ ).), ~ ~ )j4 crack .)~, j::J, over heating jl J-l> discoloration

..)~ ~U; ~ ~) <.SlA~.)~ ~ lA~ traiting edge, leading edge ).)crack Si,..........

'"'"III"
In
L
III
III"
V

$ECONOMY CMEI'

J.>;-::,.lS:a l;..u..:.4 ~)/4 ~41.lJ ~~)/4 ),.) 4 dS ~ ~b}'.:..W:J lA),...~ ~I..o lA>~),;

..:...Jl>~ ~ ), ~ ..! :.il..o ~ ~)~ .~ i~ ;l :, ~ "rtla.o &!~~ jl d j) dS I)'!j ..\,j~ .:..l.:.W;I )~.)

..).)H ~)l4 ~~.) .:.Jl>~ pA, ~l:: 1
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Radial Inflow Turbine

~),...; ~ ~I 0r"1~ ):, fl.~ &-:-b..: 1APU ~Uz,),.,...,):, ~),. 0!' o.4t: :';1)15..: 1?I).. ~:,L.

~I ~I ~j-o .:':'H c:::)l>eenter jl ~4; ,~ 0") J>b ~ tip jI jlS , cl;f )} nozzle vanes

~ ):, .b...AjI) 01..o.w1)~I ~, ~~ c:::1~IlA.jlS" jll) ~ ~J;II00% t; doS.: 10!' ):, ~),. tY

}I~d)r> ~lA.)~~ ~),. 0!1 ~~ r .:':'H 01..o~1)~~ -.:..!I)4;-:, ) - .,_: J>I)"" ):, , O:'y,I):, 6.1>)""

0y ~, o~:, ~ J-> J5:..: 0!10~l; , O:'y,~4 ~:, ~ ~~ ~?)"" jl ;...;f ~lA.)~ 0.Ml :,), ..::..k.~

..: 1~t.:... ),.,..., tY 0!1~I.r. ~~ ~ J:.),.,..." o~:,;f ~') ~ APU

Radla/lnflow lurblne rolor.

ADIAL INFLOW -
TURBINE

\
\
I

L- INLET
SCREEN

Photo of a gas turbine APU.
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NOZZLE
VANES

Radla/lnflow turbine stalor ring.

FUEL
INLET-..

RADIALINFLOW
TURBINEWHEEL

INLET\... .

AIR

(
EXHAUST.~

TURBINE
NOZZLE
VANES

Turbinerotor location In engine.
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.. ~~ - .

I) ~i 4S ..:: 10-!.1)'! ~ j..:J 0-!.1),).~Io~ l:...:.i4-Ji":"~,..P, ~ ~lA.),.,... tl,.14 J..:..9~lA.U"'),)~),)

.~W 6"..,)lS'~ ..:..)~ ~

4...S),..1>0t-A , ..::-..1jet nozzle ),) LAjlf .::..&or,)4,)jl ~ ..:: 1;- ~'.r-' 100% lA.),.,... c.,; 0-!.1),)

)'!r'~ ~1),).o ~ ~lA.),., ~ axial flow 4, centrifugal flow c.,; jl ),...~ ~I),) ~~,)

: ..I..i,)~ -.:..Jl.. . t l '1~ ~ centrifu gal~ -)'1.),...

singlestage - singleentry .i

single stage - double entry .ii

double stage - single entry .m

:..I..i,)~.:..J4)'1.j tl,.1 ~ ~ axial flow ),...~ ~I),).o ~ ~lA.),.,..,

single spool (single shaft) .i

twin spool (double shaft) .ii

twin spool (by- pass type) .m

triple spool .iv

~ ~ ,,) j1),...;,...c.,..;0-!.'~1.1.D.0 ~I~ , ~lo~ l:...:.iby-pass ~ ..:..~ 4 J..:..9 ~lA.~ ),)

~ ~..:...:-; ),.,... c.,; 0-!.10j,~~ ...:: 1~ 0i ~,;> ~lA.jL.J.::..&or' ":"}r- ~),) l)'1.j..::1~

0i sfc I.H ci4 ,)~.J::-i 0i r~ 0L...I..iI) ,~I) 0L...I..iI)W~ o,)~ ~ ,),> ..:..)~ ~ twin-spool ),.,...

.~L.o - -~ I a~"; ,)~..: ;.- r- u-:-r..J, . .

L.:.:.. 4...S,))..I..iI.$"'I;JItwin-spool ),.,... ~ .), ~4 twin-spool~4 b by-pass ),.,... : Hint

.~4 by-pass type

turbojet engines I

propulsive and overall efficiency 2
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RolIs~Royce
TurbojetEngine

NeneMkl

- -

singlestage-doubleentry
centrifugalcompressor

,,:;,I~~)':; ~llb)':;!JA-2

10!J ~ h ~ I~~.J-"" .)~.)) ~ ..: 1; 90% Ub)~,..,.xI).).: 1o~.)~ ~~ ~ dS ),b~

)~,.., b--i.xl ~I) 01o~1)..: 1(>!r'''''residual thrust ~ dS .)~ J..:>l>j!J}'1~UbjL5") ~ J..<:»')

low & e:)\.h ol~ ~u,~.I~).)!J o.)J-!u,),;,.., xL ) ~ (400 mph .)!J.L:>-l;)~ ~Ub~r').)

dS ~~ axial 4.!Jcentrifugal tY ) ~I~ )!r' ~ ~ Ub)~,..,tY .xl ).) ..)).).)yJ)S medium speed

EXHAUSTOUTLE

ZREDUCTIONGEARBOX : I

FREE(POWER)TURBINE
COMPRESSORTURBINE
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: ~ ;-?j~ ~ axial tY jI~ \.Sj'.J""1":').l9;;, 0).l.o\.SlA.)ii}-O)~

.x.>~~ ..s~ 0-::-!)';~ .b...,; ~ , )'r'~ : singlespool .i

..l.ibH I) HP )'r' ~ HP 0-::-!)';, o~ ~ LP 0-::-!)';.b...,; LP )'r' ~ , ~ : twin spool .ii

.~)~ c!..il5"I~0-::-!)';~,> \.Sly!, O~~ ~ )'r' ~ ~ ~ 4S ,;:-,I.J'!.~)';~~ : free turbine .iii

.~ 04?- )~ ,;:-,I;;~),; \.SlA.)';}-O0l5".l.ijL... 0-!.yJ J)j.! lA.If')

\.SU)';}-OjI 0i ~I) 0L...L.i1),) 0-!.1jI ~~ ~l> ~ , )..GJ.o~ 0-::-!\.Sy!0~ ~I, )~ lA.),;JAu,..\

\.S'~ jI ~ ~ lA.)';JA tY 0-!.1)~..l.i)~~,> ~~ ~ ~ ~ \.SlA.~.r"')~' o~~ ~ ~~)ii

-: 1-,~L .. ,. bypass ratio c:I..:>~~~ e.. l;' '{'I.,..lA.'l5".b...- e.~ ~g '--9.b...-..:: 1-.7 . ~ .,r' .;--:- ~ )'.r '-") ,,~~ :Ju- " .7

~)j.! ~ \.SI)~GE90 , CF6, JT9D0~ ~ \.Sj'y--41J)j.! , 0).l.ouS~)'; \.SlA.)';}-O...:: 1~ uS

4i ~:J)~.\ jI, ~~ 4'; uS.b...,; -: lyJ~, o~~~, 5:1 ~:J.l>~i bypass '-:-'-!.~,o~~

:.l.i~H ~~ y!.j J~I ~ lA.)';}-OtY u,..1.~.,4.. high bypass ratio

LP 0-::-!)""':;.h ,; is-~ LP ):J-' ~ , uS .JT9D :J CF6 0~ ~ tY 0-!.1)~ : twin-spool .i

.x.> ~~

LP ):J-'~ .b~) ~~ ~ ~ ~ (>l5"~ 4S )';JA tY 0-!.1)~: twin-spool geared fan .ii

\.S~ ~ \.S~I) rpm P jI uS ~ yJ 0-!.~ .~~ )} y! reduction gear ~ ~;.b jI uS ~

...:: 1)~),> y!

~,)j-1,) Trent, RB-211 \.SlA.)';}-O\.S.r'"0i \.Sly!c!..i"";0-!.~ 4S tY 0-!.1)~: triple-spool .iii

~ )""':;}Ab-i w-tl)~ .~).l.i LP )'r'~ ~~1y:;...:.1, ~b c!..il5"I~0-::-!)';~'> \.Sly!uS'~

(>,~ ):J-' ~ , o-4-0liintermediate pressure ~L: ~ JP I)J,I )'r' ~ ' ~b LP J..ii

.~~ o~l.i HP 0~

-

LoW' Pressure
compressor(N 1 )

Fan .

-~

Air
inlet

TW'in spool
shaft to turn the fan
and the compressor

A modern jet engine used to poW'er Boeing 777 aircraft. This is a Pratt & Whitney PW4084
turbofan W'hich can produce 84,000 pounds of thrust. It has a 112-inch diameter front-
mounted fan, a length of 192 inches (4.87 m) and a W'eight of about 15,000 pounds (6804) ~
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Triple-spool gas turbine engine.

)LS..j~, o~ u.J 0=-!)~ <Lb..)""~.b ,; ~,? L5lA.jl5"L5j}1rW ~p ~ L5lA.),;,..,tY 0-!.I).)

.:: ii j~ L5~~I, lA.),;I}j~1~1)lS' ~ 4., 0}~)'; 0~1) 4..Y-;~ <\.il,~0~l>~ 0~ ~ ~~

)~,.., ,.) ) ~yIb .~ 04-::-- ).) .;:...L:.~)'; L5Wb)';,.., ,j-!.~ L5,J 0l5"~ jL lA.I...Y")..).)~ 0~ ,jl5" ,
.~).) ":")..I.311500hp (MiI-26) 04?- ~~ ,j-!.} ,s)jJ; ).) o.)~1 .)),.., ~~),;

..
AN~. )~!J-O

L5y.}Lo .J--=.i , ..:.."""J,3L..(S"lb L5lA.~.I~~ ),;,.., L54?JI).)dS~I ramjet ),;,.., ~ ~I, ).) j,..., ~

.: I}).) L51~~ ~13~I)I~,.., ol.;,s', IJ"'l>~lA.o).),.)~ ~ Concorde 0~ ~ ~,...,x,...,

)~,.., ~ L5.),),L5I}-'1')~I~ dS),bw ..kIp-" 100% ~ , 50%) ~ ~ ~')'0-!.l01~, o~..).J

) ..G).) o~ ~ I) ":")y> ~).) J? , J~...s:.s. ~ ~ 75%, o~.).J JIy;.>I..J~ 25% .),~ ~

j, ~. (t" _ ,~, ~).) ~I.)~,..,.)~ Jly;.>' L51y.L5'~~ ~13 0p...S1 j,}'1 L5lA.jl5").),) ,j-!.I

JIy;.>1 ~ , o~ o~4 t,b L5lA.jl5"J>b ~ jetpipe ).) .)~,.., fuel nozzles)..:..>,..., L5)~ .)~ ~')

~,.., ~r ~.I)I,j-!.I, ci4. ~1)IlA.jl5" ~r' ":")y>~).) ~).) dS .)~~.(S" ..:..)"""~..) b.)"" ~

0i , .)).) .)y, ~.),..L?t.o )~,..,) ~,? L5lA.jl5"~r L51y.~I~ dS ),bw ..).)~ ~L;,I ~I}-y,;

)LS 0~' .)).) ":")y> ~).) ~ ~ jl5"~).)..:..""" ~r dS..::...:.b),.) yb) ~W~, .~I..:.."",, ~r

afterburner I
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~ 01).).J--=.i'::"~ ~~ v4 ~~\5" ~I}I o.)WIJ,.9j~}'II.StA.jlf .::..);> ~).) .j, v4 ~ 0.)l:;j 1

..)) AS'" ~I) J.:.9 ) ~ ..,...;IJ"~ ~I.t=-o~ I}I.?"~y:>~tA.jlf ~ r J..!.I)I 0lS:.o1~ ci~. J..!.I)I

NOZZLE OPERATING
~Lf(vE

/

1--

I'.

R(BURNT
GASE~

AftERBURNER JET PIPE

/
VARIABLE

PROPELLING NOZZLE

"rlnclpl" or ar.\"rbuml"l:

~JAL> ~IJA ~L.. ).) ~ .).)~ ~~} U"'~ ~tA.)ylo ~ .: l>j! f'~ ol;,s' ";.J.A~Ij! j, ~. ~

sfc ~I compression ..1.913~~ 0~ ~. .: 1ramjet ~ ~I~ ).) j, ~ ..>..:. ~ .is ~},bl.o.tz,.~I

ol:i,s' 01 .)Y-SJ-.o..c0R" ~~ ~~ J..!.I)I j!1j!2.5 ')~..I.>I).::.>, j~ 0.)J-!~~) f'~ ~ ~ ~~~ 01

~ j, ~ ~I).) d S ~u.)YJA jet nozzle G.o-;,.~~~ J..!.u.~l) j! 01 .::..L:: ~I '::".J.A

.I A>~ J..!.I)II) area ~ 0">":'j~ ~loyl ),1. ~ jet nozzle .: 1~~) j, ~ .is~~ I:J ~I variable

.~.) ~~ .)~j'::")p.) J..:>L:>tA.jlf~ J..!.I)I~I) 011;

o.)~ ~ J.:1.90~ 0lo) ~ ~4 ~ ~~ ~.::..4?- ).) )YJA I.?"~y:> "-.itA..) ~~ ~ 0).J.A ~tA.o~ ).)

reverse ~ }.)1.9.)~ 6.b.. ')L, .is },bl.o.tz,~ ~\5" .)~ I) ~.I~ ~ ~ r }.) }ylo ~ ~ ~l> j! ~1.9 ~

...>..:.~ ~ .)~)) ~ ~.I~ ~r ~Y ~...s:..oS)~ I.?"~y:>~tA.jlf 0.)~

forward
thrust

vectoring
to nose-up

reverse
thrust

cruise take-off/landing reverse

New type vectoring Bfterbumer exhaust nozzle.
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~

~. ... ..~

\Su. )",.., U ~I.L.:-o ..L:.~(.S" I,.." .b " )",..,~» , ~b \S~..::...o...,j0.)'; ..s..:..>air coo lin g ]I )~

]I ~)-> , J..-:>-b~ u)y-> ]I \S)J.i" 0-!.lr.~ .))b )} )",.., J.:>b ).) JI;:.>I ~ d$ ~ j, 0').) tY ]I ~

y 1air sealing ]I ),.J:i;..o.~ ~ (;:)W> ~ I) La}' ~ 11,.." .b " )",..,0.)'; ..s..:..>~d$ .)~ ~ )",..,

..)~ \Sy.:5'~ bearing housing ]I Dl> ~ ~') .h.;.,;]I I; ..: I~ $...oS~ )",.., \S~ 0l31;4.~ \S~

: .).)h ~ ~ ,.) ~ )",.., 0.)'; ..s..:..>

~~. , )}--'~ ~~ ..I:JLa), ;,..,~)W> \Su...::...o...,j0.)'; ..s..:..>~ : external cooling (a

\SIp ]I), ;,.., ~)W> \S~..::...o...,j0.)'; ..s..:..>\SIr. .~), )",.., \S,) d$ accessories, J I;:.>1~

hot ]I I) cold zone ..::...o...,jfire wall i'"~ o)j-!..)~ ...: 1~ y!."a; ).) d$ ~ 0.)lA:: 1~I

ul}.~ JlA::..iI]l~U 0.)'; \Sy.:5'~ cold zone ~ hot zone]l u};> JlA::..iI]l~,II.)J ~ I~zone

y-!.j ramair i'",I.L.o04..f?" .~ \Sy.:5'~ hot zone ~ cold zone ]I ~.u,J ..: ::..i]I ~li JLL:...;"I'y'l3

..,Ub~ J::..lAJI) \Sj, ~I ):.> Dl> ~ ul).:>.~ 0.)1:;...,}~~U, o~ 0.)'; ..s..:..>":-"-:-'~,I cowling

LP. TURBINE

o LP. air . H~P.lftcermcdtat. air III H.P. air

AIR OUlUT
AIR TMNSFER PORTS

'0:~"U""'; \Su. ~ ,~.) 0.).;5 ..s..:..>J,3 01~ ]I )~ : internal cooling and sealing (b

0.).;5 ..s..:..>\SIr. .~~ wi-,) ~ ]I \Sy.:5'~ )~ ~ ~ 0l31;4.\S~ yl j.:.i, ~ ..:..A..:., ~ ol3I;4.

I,.." 0-!.I..)~ 0.)lA:: ,1(.b , \S~~.)) ), ~ \SI~]I ~ ~ 0.)';..s..:..>, 4.i1\S~ yl, ~ 0l31;4.

2-45
air cooling & sealing 2

~)~,.



01~ u.)~ o.)l: ,} ~I ~, J~~ jl01;-~.!~.u,J ~ &-;}>jl0.)~ ss. jI\..M.

r---'Iu thread type oil seal .b...,i bearing housings 0.).J' tS~ ,,:-,1.~~ breathing air

~ Wb Iyz>0:'.1jI tS).>.io ..)~ r>~1 )~ ~ tS1yz>...s:..oS~ ..:: 1labyrinth type oil seal ~) ~..)

..)~ tS~,...1:- lA>0Ul;~ jI ~~) ~~.p- jI ~ ).) ~ 0.).J' .),A.;lA>seal ~I ~}> jllA>01.9l;~.J.:>b

0.)y-S...5: ;> .)):7-").) .~~ pressurized 6.)lh ,I..I..i~ tS~ ,,:-,1~}> ~~ ~ I) ~lA> 01.9l;~.

.~lo.).J' ~ )y NGVs ~ ~,,~.ui tSlA>~ ~ ~..)

d~ LP. AlI\ OYEI\8OAAD

-J
L.P. cooIlnl rr

Turbine coollns:

,. , Jt:>. .
0...L.i.)~ tS~) u accessories ~ c.:: :.b }r9 box ~. J.:>I.)).) ~ ..:: 1~lA>o..l..i.)tJ;::- ~~ o..l..i.)~

);-9 )~~ ~,; jI.j).) Ji!).) ~ .))b o..l..i.)~ ~.) 'i~ )i~ y1b.~1'-5"').) .::..Sr ~ ~1 .b...,i ..I..i),.....

tSlA>~ ~ ~~~ ~ ~L..1~ 01~ ~~ Ji ~ y1b~lo.:;.>L.. ..:..~~ <l..J1.b..o ~~ ..:: 1 ~,~ ...I..i)b

.~ ~I~ lA>o..l..i.)~ ~ jI 01 ~

gearboxes 3
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I " -y >t~J'" J, .~. .
jl.: \ ~L> ~ )~,... ~ ~ <.S~ 01o..u1)<.SI}~~£~4 <.SUb~r <.Sly.~ ~~)Y dS),.6 0w

, .::..::.~ ~G ~ <.S)~, b ~ ~ J->r: <.Sly.rj'i <.S;;101).::.dS.: 1<.S)'::'~ )~",,',;-,I~-,,!)~,)~I

~ dS .::.~..y~ j,.11 ~,y> <.SUbj\!.b...~ A_~ 10% , prop.b ~ .: I}"<.S,.r,; 90% .::.,.>.>Ub)~,... ~I

~l::.;, IjA jl <.S'::'~jr~ ~ ~ ~ 01~ ~ )~,... ~ <.SI~I).::.dS),.6 0w ..: 1r,-,... residual thrust
\ ..: 1.::.,~ ).::.~ )~,... jl,~...AA ,) 0-!1jl .: 1~ IjA r~ ~ 1.;.>..0.&..: I}"..y~ ).::.~Iy.~ ..IJb.l:o~

J1> cIJ ..:.1- ~I ,-,..: :.1.::.I..:.:.::. - '-' ..l.I'-' . ~IS" ..:.1-.: 1- I~ ~1.::. . ~lS' ~ cIJ -'i'-' ..:..ld.A; 1 .::.1 ..r . c- -. .r-) ~. . -~ v- c- Y:r- - v- . Y. )) ft)

).::.";~ ),...;,...).::.dSIftj.: I)~, ~ ~}" jl }"o~ ~ )~,... ~ ~ 0..u1),>~,.: 1~ Jl>

<.S'::'~""~ ~).::. ,;-,I~-,,!)~)~,... ~).::.~, ..u}..).j~ <.Sly.~~ 01~, ~I.::.}} ~)~ ~ ~

~ , o~ p-A)'::'0~ ..:..~)loU0-!~,..s ~ 4..5.::.)1.::.;I} ),- ~ r~ ~ js:.:...o ,~ )l.:-!

~.::. ~ ,throttle <.SI.H~.::. ~..;~ <.SUb)~,...).::.4l> ).::."':"-:-' ,j-::-oA~ .1.f.}1..1Jb1,>~l.:.t.::.,;T

~ I) PCU , FCU ),...;, ::.,...>J>I.::.).::.0).1.4 ,;-,I~-,,!)~<.SUb~ljA)'::' ~~ ..ulo.::.l.::.})i~lS' ).::.;),\! <.Sly.

.~}.::. single lever ~lS' ).::. , 0'::'~ ~ ~

Turbine Exhaust

... CoIJ1~.ustion
Ch~mber

ceiling I
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~j;:> 15u>jlf 15;.;--i';Sl~ ~~ ~~ ~i.; ~ .h ,. ,-:;,I~J-!)"),.,.., ..:: 1; ~I .: 0.-3 ~I ~ ~,. ~

~~ ~ impulse type c.,...:.jllA),.,.., tY ~1151A~),. \lj' j) ~I jI ~~yf ~ 0.).j1) Jr> j ~ ":-'~

)~,.., ~ jet pipe ),) jj}'llSk jlf )L:;;.; j .:..;ly> ~),) J:.J,) ~ ~ ~~ ~ ~),. l51A stage ,)I..u.;

..; " ~J-!),. jI :r-s ,-:;,I~.J-!)"

:>)lb ,1,)~ J-.A:.:...oi:-L. ~ U '-:;"J'tj-!)" 15~)""" shaft jl J.--=.l>':").L9 ~ : Hint..@S

SHP "--!j 0,)rS ~~ ':")..L3 ~ j::-iI) (F n) residual thrust yf' Jl>~,f SHP=Shaft Horse Power

Fn
eshp=shp+-

2.5
:.; ,1~ 0i i$y? J,..,.;3.u ~ il.S'".; ,~ eshp=equivalent shp ~'h

P.E.= THP
SHP

- .

15U, ~,.9.r-.' 151.H<Lio..>'4jlj ~~ j ..L.jj.:-oI) Jjl J y> 6.l.o.:>"-!.jlj~~,)j;i ),) .u ~'J...:-o .,')? .>Jbl,.>

"--!~,. ~ j O,)J-!~'!.r-.I ~ j::-i~ ..; ,1~jSlo LID 6.l.o.:>"-!.j'j ~I ),') .u '.r-.j ~~ ~),') 4 l; 2 o.l::..?u,

<Lio..> "--!.jlj ~ ~I.".:. y1b),) ~ .; ,1 forward velocity j rpm jll.$"-!l;), r.;05 j ~ 6.l.o.:>"-!.jlj ~.I

l; ~ j~ variable pitch I) IA~ .u ~ yf ~ ~ 15~JL ),') 0l>1).. j) ~I jI ~b .>Jbl,.> I) ~

I) <Lio..>"--!.jlj~~ .; ,1blade angle ~ ..:,w ~Ij ),) .u ~ rtS' ~ ~ 0W-> ~~ -.::.Jl>;ib 151y!

)j,) U,~ ~I ),') .u ~ ;I~~ ~ ),') constant speed Jj.r" l51A~ wi .., 3l...:..oj ~Lo..i .1:.A:> j ,')~.I

~ ),') j) ~ ,')4j rl3' ),,) 1Sl:-~ ~L..; jl,J't 15~ ~ r ~ .u .>JbJ...:-ojtS' 0W-> SLo ~j j O,')J-!~~

,');lj ~I 0j~ ~I.r.~ ~~I$" J..!I}I .; ,1; , o~ l:- ~l:- 15~ ISI~ r rt ),,) 0w ~ j.f-!I jl (torque

~ ~ rtS' ~ ~ ~L.,.' )~ ~ j o,)b jtS' .hA!..:,W->~ ~ J,') .u ~~ ? J..:..o ~~ .:..~r:-

..; ,186°,10,)j~ .u ,)Jb ~?L. ..:,L.~IJj' ":',).r.0~ , 6.l.o.:>"-!.jlj ~~ .1:.A:>J,')

J,) )p ~,') J;-b j' ..> } .:.., ,. ~ r ~ 0i tip ~ r .u ~~ 151~,f~ ~~ ~ )j,) ~IJ...:-o .u J,k ..:,w

;I;-! ~ ~ 0..>..-:.AlS"o.l..j,') ~ ~ ), r.;05 .;..i.:. , ~ .;..i.:. ~ 1.iJ.; ,1,')~j J~ \I, , ~ l51A),.,..,

: ,')~ .:..S~ y!.j tY j,) ~ .u ,')~ d,)

propulsiveefficiencyI

reduction gear:

2-48



Integral or internal reduction gear (I

u <> _'y ,'~ ~ ;I) 0~tA:...,'~),.. pS ':")..I.!~axiallt centrifugal c.s~),;,.. ).::.~ tY ~I

,.::. ).::. Dart ~,)j-1,) ),...;,..).::. Se... .(planetary type) .:-.1 o~'::'~ ~? ..;~ ),;,..).::. d$ .:-.1

.~~ two stage tY 0! 1"-!.~ltlS" J-AolS"}{0 )r' ~ "-! .:...:--; i;Lo ),.::. .J.:.. r

External reduction gear (2

c.s~I~).::. O.::.L_A:1.::.),..AlIison 501 .l.:jl..ohigh power axial flow c.sllb),;,..).::.)- ~_: tY ~I

~ ':")..I.!),;,.. 0! 1).::...::.;1.::.;I} ),;,.. jl ~I> ).::.~ tY -..9)1>,r. d$ .::..r.! IS" ;I} 0.::.tA:...,1.::.),.. C-130

,.::. b-i jl H ~- _' 0-!1..::.~ JA:.;.o0.l.:AlS"0.l.:A'::'~ "-! extension shaft ~ ~~ )r'~

)'~ 01 J-=J.::.)r}'D1, .::..r-~IS" u)}'D .J.:..r ,.::.).::.),.::.~lS" ~ .:-.1two stage=two step c.s1.J.:..r

.:: ! c.s1,r.~Ij-o .::.;1.::.;I} ),;,.. c.s)'4 c.s.1>l; , ~I> ).::.0~ d$ .:-.1 0!1 J.10-'-> external R.G.

..::.~ y~ c.sj~ll~ .::.ltjJ,, ~ ':")..I.!Y. c.s~)';,.. c.sl,r.~I, o'::'~ p-A>1}intake

Safety Featu res
: ~~.r-j ~I c.s~~ c.sI;l.::.:Y~ ,;-,Iy'~)'; c.s~)';,..

, 0.::.;5j-o} I) i;Lo~ ~,.::.~ J.,..I> ~~ ylb"-!jl,.r. ,)lS" 0-=>).::.),;,.. 0\5"ylb: prop brake (1

~),;,.. 0'::'.J'~,..I> , ~ 1~ ...AS,;, ..: :..;jl ~ ~ p-A>~ ~I .~ c.s.r.!,4-01J.:>~ jI

r~ "-! Ramp c.s,) ).::.~4 .b ,; i;LoJ.:>J:: jl j.;:J, o~ ol;,s' i;Lorun down time d$ .::.~ ~4

.~,fwind milling.::.4.b ,; i;Lo0~.r: "-!.~~ c.s.r.!,4- ~I~ 0'::'~ ..s)~

~ ~ 4...S.: 1~),;~I c.s.::.~..:JI».::.~1~ d$ J~lo.A.: negative torque signal system (2

negative ..:JI>~I JI> .~~ positive torque .;JI> 0!4d$ ..\.il>J::IS" I) 01 , 0.::..J'.::.;1,torque

0-!1 c.s.::.;I, ~ ).::...::.~~I,> ~ )lS"~ ..\.il>~ I) ~),; ..>.AI1~i;Lo~ ~1 ~ torque

";-,,,1j-91~1.9:>41) i;Lo~,Ij, o~ ~ .::.;1, .::.;I.::.;I} 0.l.:AlS" 0..!.J'::'~ ~ ).::. 01 rj.;:J1S:...d$ ~

..::.\.;:,..>.All,>r!.::ull;.::.,>c.s'::'~)lS"),;,.., cl) ~ jl ~ torque ~).::.,..>.AI~

c.s.::.;I,).::., .: 1o~ ?I).. N.T.S ~ c.sl,r.back-up 0'~ "-!~ 0!1: safety coupling (3

negative torque jl 4..S""~ ..I > ).::.~ c.s.r.!,..L:-negative torque jl..wl,:.; N.T.S rj.;:J1S:...d$

J :Jb1,> ~~ ~L )r' ~ , ~),; ~ ).::. o~ ~ 0.l.:AlS" o..\.i.::.~ , .::..A..:..1.L:;;Id$ .::.~ ~

..::.;I..!.J.::.~, 0 )4,.::. J~I 01S:...1~, ~ "-!)l,y. 0-=>).::. L...;, ...!.J1..o
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Hotel Mode

..: 1O~ 0.) j ..:: A j::-i 0\ 1 .::.Sr- .:...0.>.>).) 605ATR 'T",r.}o!),.~~I}A ).) 605..: 1~~ )~1 ~ 0 )L:.I .

~),) 01.r..~' O,)}o!triple spool 605PWC 120-127 ~r ~LA),.~ ~ ~ .o),.~,.) ~~I}A ~I

2 0}.o~ ),. ~ ..)~ 0~1>~ free power turbine .b...".01 61..0~ I.S'"60S),b;1..oJb, 1'"0.)~ ~I) 2-29

,) ),..;~ 0'~ ~, 0..L..:....A.j~ 61..0,~}! 1;10::-"j~') ),) ./1605..: 1prop brake ~I),) ~I~ ~I),)

~I) .:..lo.>.>~1}A ~ ..., ~')~ ~ 'f'~,) 0~ accessories 0,)~ JW ~ ~,. ~, .c.:.b~ ~')

),.,... ,,:-,G.:;.;I.:.k...: 1o~.s.~,u.r" APU ~~, ~,~ '0j,).) ~Ir.~ ..)~~, I) APU ~, o.)~

),.) ~ ,,)jb )r9 ~I}A ~ .: j ),) 605~}L... ":-').)jl ~I ~..kb~ 605..: 1~1 ),J:;a.: ~I ~Ir. 2 o)W

~~ ~I~ ~1 .,)~ ~~ I) 4c'1 ~~ ~11 ~ jl.fb .~~ 0~ ),.~,.).fb J..!L} ~I ~Ir.l: :. .~4

" .>.>fiR ~1~ ),.~ ~, o.)}o!j-o'; 61..0..: 1~ djA-

Torquemeter System

~ rpm ,torque J.-.o~,.) ~ ),..;~ ~ ~ .:.)..19 605 ~,) ~ ~t power ,))~ ),) ~ f'L ~ )y

.fbU:;<61..0f'l! ~) torque .:.I~ .:.)~ ~ .:.)..19.:.1~ ~ ..: 1~t ),,) 0)..1...0~LA),.~ ).) 0~ , .))b

j10~ , ..: II.S"'I}I~ }o!),., 'T".r.}o!),.~LA),.~ ),) torquemeter o.1..:A')0l.:.; ,)~, ,) ~I jl ~ .al,>

power lever b.~1 Lt throttle .k ,. power setting ~1.H ~jl,.H ~ .))1, ).) 0.1..:A')0~ ~I

fIXed ~ jl:Y, o~,)./~.r-; ~~ ),.,...),) 605),b;1..oJb0.1..:A')0l.:.; ~I)I$ ~ ~ 0,)lA::1

Dart ),..; ~ ).) L .,)~ .: 9~~,~I , ~'J~ .:.J~ ,~ , ~ 0 ~ reduction gear gear

~,..: 1o~ ~~ ~).) psi ~r. 0.1..:A')0l.:.;, ~)I$ ),.~,),> ~') 4,..: 1~'J~ 01~

~ ~ tY ~I :Y~I,":"""I ~,~I tY jIC-130 J,) o.)lA::I,)J~ (T56) 501 0~1 0.1..:A')0l.:.; ~

...: 1Jb),>r. ~~.::...9.) jl ~')~ tY

... Aa.althrv.t
TO~QUfHEn~ PISTON
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.:.,l.A.:...o;, ;,... ,j-S:.,;~ R.G.;.;.,; tY.:I~ '-:-'~ d;~ ~ ;';,... d$ 501 0r-::J1 ;,;,...;.:1 -Hint<O( <0(<0(

pressure ,:)~ ~ ~I).:I01 ~;IS.:..i,;~,.:I~~; R.G..:I,> J>b ~ 6.M1~ ;,1:>~ ;.;.,;,..: 1

&!I,:)4,jtorque ..::..1;~ ;';,... .:I,> ;.;.,; ~ R.G. ;.;.,; .j)l:>1 J:J.:I ...: 1scavenge pump .:I~ ,.:I, pump

;.:1.~L..; J-o.?UI; .:I~j load ~I~ L;..yb~ I; ~~ ;.;.,; u-? 0'>"':'.:I),R.G. .: o j)'! d$ ..: 1;';,...

.:.;~ j-!j.C04,~1,:) ~..s.-s ~I~ ~ &!1.u~,:);.:I...: 10~ ;';,... ~ R.G. ;.;.,; tY Dart ;';,...

d$ ~~ ...: 1o~ L)::a... 01 ;.:1 ~~ .:.lS:; d$ .('1 o.,\j~ ~10~j ~ I} .:.1~ , ,;-,I~~;,; ;';,... 0,:)~

.~I~ ~I ~ jl ~,..? ~ jl ~~,> ~b ~ 01~,:) ~Lb.o~

ffne turboprop propeller is operated by gas turbine engine through a reduction-gear

assembly. It has proved to be an extremely efficient power source. The combination of

propeller, reduction gear assembly, and turbine engine is referred to as a turboprop

powerplant.

Turboprop engines are used on aircraft ranging in size from large 4-engine transports

to medium-size, executive and relatively small twin-engine aircraft. The following

discussion is directed toward a turboprop that consists of components and assemblies

typical of many turboprop ale.

Unlike the turbojet engine. which produces thrust directly. the turboprop engine

produces thrust indirectly. since the compressor and turbine assembly furnishes

torque to a propeller. which. in turn. produces the major portion of the propulsive

force which drives the ale. The turboprop fuel control and the propeller governor are

connected and operate in coordination with each other. The power lever directs a

signal from the cockpit to the- fuel control for a specific amount of power from the

engine. The fuel control and the propeller governor together establish the correct

combination of rpm, fuel flow and propeller blade angle to create sufficient propeller

thrust to provide the desired power.

Turboprop provides an efficient and flexible means of using the power produced by

the turbine engine. The propeller assembly together with the control assembly.
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m"aintaina constant rpm of the engine at any condition in flight idle (alpha range). For

ground handling and reversing (beta range), the propeller can be operated to provide

either zero or negative t~rust.

The propeller control system is divided into two types of control : one for flight and

one for ground operation. For flight, the propeller blade angle and fuel flow for any

given power lever setting are governed automatically according to a predetermined

schedule. Below the "flight idle" power lever position the coordinated rpm blade angle

schedule becomes incapable of handling the engine efficiently. Here the ground

handling range, referred to as the beta range, is encountered. In the beta range of the

throttle quadrant, the propeller blade angle is not governed by the propeller governor,

but is controlled by the power lever position. When the power lever is moved below

the start position, the propeller pitch is reversed to provide reversed thrust for rapid

deceleration of the alc after landing.

A characteristic of the turboprop is that changes in power are not related to engine

speed, but to turbine inlet temperature. During flight the propeller maintains a

-constant engine speed. This' speed is known as the 100% rated speed of the engine,

and it is the design speed at which most power and best overall efficiency can be

obtained. Power changes are effected by changing the fuel flow. An increase in fuel

flow causes an increase in turbine inlet temperature and a corresponding increase in

energy available at the turbine. The turbine absorbs more energy and transmits it to

the propeller in the form of torque. The propeller, in order to absorb the increased

torque, increases blade angle, thus maintainingconstant engine rpm.

The ~S (negative torque signal) control system provides a signal which increases

propeller blade angle to limit negative shaft torque. When a predetermined negative

torque is applied to the reduction gearbox, the stationary ring gear moves forward

against the spring force due to a torque reaction generated by helical splines. In

moving forward, the ring gear pushes two operating rods through the reduction gear

nose. One or both of the rods may be used to signal the propeller and initiate an

increase in propeller blade angle. This action (towards high blade angle) continues until

the negative torque is relieved, resulting in the propeller returning to normal

operation. The NTS system functions when the following engine operating conditions

are encountered : temporary fuel interruption, air gust loads on the propeller, normal

descents with the lean fuel scheduling, high compressor air bleed conditions at low

power setting and normal shut-downs.
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The TSS (thrust sensitive signal) is a safety feature which actuates the propeller feather

lever. If a power loss occurs during take-off, propeller drag is limited to that of a

feathered propeller. Reducing the hazards of yawing in multi-engine a/c. this device

automatically increases blade angle and causes the propeller to feather.

A safety coupling disengages the reduction gear from the power unit if the power unit

is operating above a preset negative torque value considerably greater than that.
required to actuate the NTS. Thus, when a predetermined negative torque is

exceeded, the coupling members disengage automatically. Reengagement is also

automatic during feathering or power unit shot-down. The safety coupling will operate

only when negative torque is excessive. The propeller brake is designed to prevent

propeller from windmilling when it is feathered in flight, and to decrease the time for

the propeller to come to a complete stop after engine shut-down (rundown time).

The propeller brake is a friction-cone type. Consisting of a stationary inner member

and a rotating outer member which, when locked acts upon the primary stage

reduction gearing. During normal engine operation, reduction gear oil pressure holds

the brake in the released position. This is accomplished by the oil pressure which

holds the outer member away from the inner member. When the propeller is

feathered or at engine shut-down, as reduction gear oil pressure drops off, the

effective hydraulic force decreases, and a spring force moves the outer member into

contact with the inner member.
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fire point) ~ o,)~ ~~ ~~ '::").r> .::..l.:;>-J,)LSj~y-"I.::..J..1.9fl..tl,.;1 U"'~ ~ LSiJbJi,." J,) oS 1S,~i )

~ ~J U Ji ~ 0-!.1 J,) 0,)l.A::.-,1LSIy.~J 0-:'.1) .-: 1~ ~ ~ LSiJbJi ,." J,) 0,)l.A::.-,1 ,)J"" ~ -.u.oLSiJbJ:. ~J

~ ..: ::--J"";"" ~ ~ ~~. Ji,." LSiJb0L9I:;~.J,) load 41 ...: ,1o~.,).! ~ synthetic U"'~ LSiJb

~I ~ ~I ~ ~.~ ~ ~ o,)~ ~~. LSiJbJi,.,,) y;.oS ~ LSiJbJi,." J,) J:.~J..j~ .-: 1~,),> '::"J..1.9

LSu~.IJ"'b ~,s- LSiJbJi,." J,) ~ 5 I:;3 ) 0jb...o 0-:'.1~ .~ 01~ ~i J:.~J 0jb...o ~ ) IJ ~

.J...Jy-::A (airliners) ..5Jj.! LSiJb~.IJ"'bLSiJbJi,." J,) ~ 30 ~120 1.;'~

.~.l.o.; ~ IJ+450°F I:; -65) LSiJb.::..};> ~.~ ~ Ji,." J:.~J (1

J,) ~ ..L..:,~~ J,) ,)~,." load ~.., ,\.;.:;..,load ~ ~ ~ yb) ~.~ ~ Ji,." J:.~J (2

.,),.:. 0,)l.A::.-,1LS,} ~ J:.~J ) -: 1 ~ -: 1,)~j load ~ ~ oS reduction gear

~ ~ JL..j ,)~.j .::..LdA.J) J,) )~~ .: k ~ ~ ~ o,)~ ~I,." ,)~j LSiJb.::..};> ~ ~ Ji,." J,) J:.~J 0~ (3

'::"J~ ~I y.;i:.J,) ~ ,),,; J~ "-!I:; ~~ ~b ~ volatility ~l:> ~~ ~ ...: ,1 ,)~j ~ 015:..01

.~ ~I,> oil loss }~,)

.~ iD ~~ ~ Ji,." J:.~J (4

...I..iL..,;~i Ji,." .::..L..h9;.'.L..~oil seals ~ ~. ~~ nondestructive ~~ ~ Ji,." J:.~J (5

e.,) ~ <IJ 0,) I...I..JL .. ,) ,) .::.. I L..9 1.1.io,) ~ 1:':'1: ~ I...I..JL(6y :. ~ .' ~J J}J,."J ~!79 Jr~J ~ J (.S! J"""""J (.S! LSJ .....

.,)~ ~I,> Ji,." .::..L..h9LS~Jo~ '::"~"""J~i ~I~,),.:..;~~

.~~ 0=-:'.4pour point , o,)~~~ fire point, flash point ~~ ~ Ji,." J:.~J J,) (7

"""
~~:.&.....b . ..8

~ y. ~1 ~ ~ .Li)..I..iSAE N!!~ J"";"" synthetic LSU, ~'J ~ LS~ 0).Li1y---b)

~~J a ~,), -: 1 ~~ ~I 0=-:'~ J,) ~ LS~ o)..I..i1~4. oS ,)~ o~ centistokes
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o}.t>""'::'wi,) , turboprop ~~),;,..., ),) ~ ~ ~ ~ 7 0).0":'wi,) , .,\jlo,)lA::I ,)),...,7 , 5 0}oO...::.

..: 10,)lA::1,)),...,~~),; , ~~),; ~Ub)';,...,),) 5

.~ (J.a9 )~) multi~scosity 0~ ~~,..., )I:>L ~ 4:t'; 4 synthetic ~~ wi,)

~u ;1

: ,)),) ,)~, ~ ;';,..., wi,) EY,,) ~ ;,1> "-!

~~ ~..I.i ~~;';,...,;,) 0,)lA::1,)),...,: Type I (mill-7808) (1

d~ ~LAj~ 0,);,I.r. ...9.a4 , 0)..\.0~ ~Ub)';,...,),) 0,)lA::1~I.r.: Type 2 (mil-I-23699) (2

~LA),;,..., l.Hj ~W J-o.;>u~I~ I; ~~ ~L..o,)dS .: 1~ , .: 10'>":'~,; 0t11.J"l:>

type I ~') ~').H o..L.o1j.o.&.~ r=--o .:..b)L.I.c:.:.n ...\.i),)~.;'J4 ~I~ ~I.; '-:-'!.~ ~j'.rA1

.~ j~ wi,; EY ,,) .~I ~~~ ..: 10,);S"~ type 2 wi,; ~ ;,) j.o.&. ;,) 1;1 ~

jl.:.J*"", ~, o,)~ ~.:...>..:. "-!dS ~ ~,),}I,)I,..., ~,b ~ ;';,..., ~~ ~~ wi,): Warning~~

.,),)./ ",=,,41 ~4 014.: ~ .s"'1,1>V"'W jl,) ~I jl..,\j,)~ "'="~.: ~~):>

Oil change
~ ~') ~ ~ jl,.H~L... 300~1200 ylb ),) .: 1~ ~ ~Ub~I~ ~ ~~;';,..., jl ~;l.:--!

~,...z .u L9olo ~ ~~jl,.1? ~L 400 ~I 300 ~~I~ EY ~I ),) wi,) ~~ .J...,L96.j~ ;~ .~W

~LA .::..s;::.~)H , ~ ~ ~ 0.3 L.;0.2 "-!jl,~ ~L ylb ~Ijl~ wi,) ...9.J""2'").li.o airliners ),) ..: 1

~;;-:J30 ~120 ~;; ~ 4:t'; 4dS ~I .rA1~I J:.l,) .~~ ;;;..0 wi,; ~~ ~I.r. ~I .u L9~~I~

~,; ~4 'J,...='I.~~ ~~ ~I,;,) I; wi,) )IS,),>;~ o;-oj,;~~ ~'-}"... .~;';,..., EY ~I wi,) 0j~

..>..:..al,> ~ .r..,)~ ~I.,\j JI.r>1 ~UbjlS"41.S""'Wwi,; ~~ ...9)l>.r. ~ ~~;';,...,),) dS.:...::-.b

Oil service
~,; ~I?I jl L.;~I,) 4:t'; ~4 'J,I.,)~ ~'-r' wi,; 0,);S"~ ~ ~ ;';,..., jl,.1? ylb jl ~ dS.: 1~
/11- . 0,).r5 ~'.r-' 4..S 0-!1 ~ ~ ~U ',).r..~':";,...='flushing r,);,) .1?j.o.&.~4 '11 , ,),)./ ",=,,~I

~ ),) 0~ ,),)./ ",=,,41 oversevicingjl t ,).r..~':";,...=';';,..., 0,);S"~;..ol:> jl ~. ~.,\jl ~4 ~;\S..;i.,;

, ~W ,,;.,I~ , ~,Ai~,...,l:>.:..l!,1~ ;';,...,~4 ~~.:: S ~ 0~ jl ~;..u ~ .:.J:.,;.: 1~ Ub;';,...,

.,),}I.al,> ;';,.,. ~ j~ jl ~ wi,; ~~I ~lS:.o .:..),...='~I)(:j

o(:j,j-JI 0~1~1 ~ o(:jL..o4..S (:j(:j~ ~li ~ ~I jl , .: 1~,)~ ~.rol ~ ~~ ;';,..., wi,) ~) ~

~ o,)~ ~Ip ~lo ~ 6.jwi,; ~;..u 0'>":' 0.d ~I.r.~ .,),)~ o~, o,)~ "'="~ I; 0~1 wi,) ~ o~
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~ J~ J,-..o J~ dS ~I c.s!1~ J~ ~~jA 0J.:-f1 y~ J~ 0~1~ ~ o~l.o~ J~ ~, r~1 pL:..i

jl ~l; l;~ j"jA .:.~ ~L:..i ,ljl~ ':';"J ~~ , r:.r ..,!jJ )__~-:J::1.~~ ~), ~;-:? , lA0lil;4.

.~,.:.~,lj1 0JG:~4 dS ~4 lA0lil;4.4.~ J>b ~ I~ .1>jl J.:.! ~

.:.4""""J jl ~Jl.;, ~ jl ':';"J 0~ jllp" ~ jl ~J~ 01 0~~ ~'r jl ~ , J"jA0~ ~ ~jAl:> jl.lA.1

o~,Jl 0-!1~JW .~.r.1.S? J"jA J~ ~ ~IA o.J.;.;So~,Ji ~~, ~ 01~ ~~ 0-!1~l.oji 4.~ ~Jb.r. ~~

jl o~lA::1~ .r.;Ls, .a~ ~~ J,.jA ~L.. j1iS'> ~L:..i,ljl~ oil spectrometer o~~ .b...,. lAo.J.;.;S

~L.oj ~l9 .~),1 ~ ~ ~lo..o J"jA ~ ~ .:.l.o..w. 0..).01~), jl ,ljl~ ~ .:.l.ol..\ilr~l, d..,b ~l::..i

.~)~ J"}A ~I~, Jb ~ ~ ~Jb.r. ~~ ~I

o~~ o~t.A: 1~)jA ~ wet sump ~ ~~ J~ cJ,~I dry sump 'J,-..o ~ J,.jA ~JIS ':';"J ~

accessory gearbox ~ J~~1 ,j-i:.'J4.S ~,.:.o~~ ,ljl~ GPU , APU ~'J J~ .hi9 tY ~I 0j'J""1,

: ~~.:..94. ~JIS ':';"J ~ tY,~ ~ ~IAJ"jAJ~ .~~h o.r.:>~

Expendable (total loss system) .I

J~ c.,..; ~I jl.~~ o~4 ~l:> ~ I ~AAA A' ~I,lj return J"jA lubrication jl.lA.1':';"J tY ~I J~

.,lj~ }} o~t.A: 1~JjA ~l; j5' ':'..).0 ~I.r. dS~~ o~t.A: 1c.s!lAJ"}A ~'J

Recirculatory lubrication system .11

,j-i:.'J A L:.~__ ~ scavenge pump .h ,,, J"jA ~ ~IA .: i ~JI$..;l:.'Jjl ~ ':';'!JJ~ ~I J~

: jl.J.;;J~~; ~ ~ ~I ~I.:.l..bi .~~h);SJ ~J"" ~ ~I, ~j4

~I)~ '1~ 01 )~ ,)~}A ':';"J}.>k ~ ~1.r.!Jo~ oy.:>~.: i ~I J,) ;"}A ':';"J: Oil tank<D

J"';jA jl ~.r. ':';"J dS,)),) ~~, de-aerator tray rli ~ ~16..w.Yoil tank J>I,)J,).~I sight glass

~ (vent line) .u,J ~ ~"b i.:.I}.~ ~I , ~1.1.:?-':';"Jjl .:.I;l~, I~ !Jo~ ~ <\Ab!~I ~'J .r.

.~~ ~I ~ IJI~ , ~J gearbox

.h ,,. 4.S ~I gerotor ~,)}}A J,)4.gear type tY jl ~ ~IAJ"}A':';"/~ : Pressure pump~

~I}~JL:.J~ ~I.r.~~ J"jA0~' ~~ jL:;~JjA.blAi~ JL.:.9.:.;.uIJ ':';"J' o~~ J,.jA

J~ .h ,,. , .c: :,1~}~ ~;-:? J->I~J~scavenge pumps ~ olJ"""b ~ ~I .~~ relief valve

.~ ~ ~ oSr..o
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LOW PRESSURE
PUMP

D Low pressure (uel.Air

DOi'

A low pr~ure system

TEMPERATURE
TRANSMITTER

FLOWMETER

Oil out Oil In

)~ U ~)~ ~~) o~ ~ ~ j~ ~. ~~ [b ~ r;f lS)S::~~) jI ~ ,y~) 0~ : Oil cooler<ID

~ ~~ ~ ~~ lSlA.),.;,..,0~ ramair ~~ ~ ..: 1air-cooled ~ jI ,;:-,I~~),.;lSlA.),.;,..,

cold tank oil ~ ~I ~ I.LJ .~~ ~)~~ ,y~) ~ tank ~ 1.lJ~b )} return line )~

~ ~ ~.u oil cooler ~ d_~.j ~r.;..k ~ ~~),.; ~ ~~),.; lSlA.),.;,..,)~~~ .~.~ system

pressure .b »~ U ~~ 0~lA::,1fuel cooled oil cooler jI ~fi.1 jI .~~ J~ ~t:9..IJI~ ~~j lS~.

" '0-:'.1~ ~~~ tank ~)~ [b w)~ ),.;,..,jI ~ r. ,y~) 1.lJ~b)} lS)l5",y~) ~ line...

~~) y--5'1U ~)~ ~~~ wl ,..,.; '1~ ,y~) lS~~)~ ..:: 9 )~ .~~ hot tank lubrication system

oil temperature .w.b9oil cooler jI ~ ~ )~ .~ lS~ ~ cooler ?.r' ~ ~~)~jI ~~ ~

..x: H oil temperature indicator ~ I) ,y~) w)f> ~)~ <AS~)~)} transmitter

I) ~~ 0~~ ~ ~~..L>41 y--b3u ,y~))~ ~~,.., ~» ~1,..,.uW~I: Pressure filter@

)~ u.:: ,1bypass valve ~ lSl)~ ~ y--1b.~~ ~ ~ micronic filter 4ri1~ ~fi.1jI ~~~

lS~~ oil starvation jI~.; ~.~ ~ ~b I)~,> lS~~ 0~r ,y~) ~ 0">"':'j~ ~ 0">"':' clog w)J-O

0..IJ~ t~ jI ~ ~ ~ ),.;,.., lSlA.0t:9l;~ .~~ ~~ ~ lA.0t:9l;~ lS)~~) rj~ ,y~) # jI ~ .~~

last chance filter ~ oil jet .fb jI J:j ~ ..IJ~ lS)~~) spray w)J-O ~ oil jets h ,.; ~~ lSlA.
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