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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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U'""

.:), 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

2-5
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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.),.)

2-6
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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

2-7
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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

2-9

engine efficiency I
thermal efficiency ~
internal efficiency J

propulsive efficiency 4

external efficiency 5
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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

2-11

https://cargeek.live/

https://cargeek.live/



~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

2-12

https://cargeek.live/

https://cargeek.live/



~ "-!~,)'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---

2-13
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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

2-17

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 ~

- - - --
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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.
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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
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~~ -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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- - - - --

..
\...A ItN

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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.~~ ~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.

2-39

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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o

~

~. ... ..~

\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
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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:
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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

2-56

https://cargeek.live/

https://cargeek.live/



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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scavenge ~~ ~,~) bearing housing ..AS ~ lA>0UlJ~ rS)\S..;.i,)) ~ d-,) ..:».:>.:>~,

..:>~ o..l..ib.;fj4 d-,) ~ ~ pumps

LP compressor .: ~ d-,) 0~~ p-A)':> twin spool rSlA.)y,...,).:>.IS~b ~y ~.4 : Hint£$'

0=-"L;LP compressor )~ jI 01 6...S.r-o ,~ 6...S.:».:>.:>~, metering pump ~. front bearing

.:>),1 ~ ).:> .::..Sy> ~ I)HP compressor .1::...Q.9starter .ISstarting .:Jb).:> .IS~.I 01~, , .:>~

.~ rSy..S~ lA.0l.9lJ~0~ j.!.)r , flooding jI ,.; 1~ 0::-1.4)L.9):7-'x;-oS),.:>~,I .::.\.h;.J).:>,

~~ J >b ).:> pack .::.),.."~ )/~ , o.:>}!gear type t.Y jI ~ lA.~ 0:'.1:scavenge pumps(5)

Pressure '1 .. ,. scaven ge Pump ..:: j I:.. :: ;:. - .:>.~ ...5 .. ,. 1 b .e ::.b I.g) ~ .. .1""'y-::J .), ,,..., ) y o )Y<A rS), ) .r

~ ).:> ..: 1lA>0UlJ~ rSlp 4 0~ .6#<-0, '::')y> .;.k ~ d-,) ~ ~I}I 01 J:.1.:>.IS .: ,1pump

.~4. I.S"J..!.I}I ~I ~ ~ d-,) 04.~ , o~ ~ )lot) lA.0l.9lJ4.

rS)"":;scavenge pumps jI ~ , d-,) ~)"! .b.>).:>: strainers and magnetic chip detectors <ID

:> .:>I~~;f 4.IS ..I..ilci;f )} ~ <.SlA.

<.SI~ lA> ~L:, <.S':>')').:>...L.i),1 ~ ~ ~

magnetic chip ~ 1 <.Sw, 0.:>1y--!y~

41 0':>y-S ~ ~ 6...S..I..i).:>)} detectors

<L;>tjl:..:>.:> .. I..:..b 6.J . I ..., ." ~~. )}J"'" ~ y~ . u~

~ ,~4 ~ <.SJ.:> jI o~ ~ 0.:>1)"!)~

Wt.)y,..., ~).:> ..:>.:>~ ),...:;,..., ~~ ~

).:> ~I~ .:>~ 0.:>1)"!chip detector ~~

..:>~ ~') 0W>0::-It)

CHIP DETECTOR

MAGNETIC
PLUG

~ ~
SELF-SEALING

VALVE HOUSING

~ -- BAYONET
~ _ FITTING

Magnetic chip detector

.::.L...h9 01J ii3 .:: k ~ ~ <.Sw,)y,..., ).:>0~ ..L..::.01~ ~ <.SI~I ).:>U ),b~ : Hint -( -( -(

~ ~ ~ 4~) d-,) jI ,.: ,1~~. <.SlA.)y,...,jI;;-oS ~.~ load ')Y"'")lS'oyU, reciprocating

).:>~ ..: 1~ -40°c L;.:>~ <.SIp).:> ~ )y,...,.::.):: 1<.SI)"!('j)/ <.S'~ ":-'-:-'-'~ ~,.:>~ 0':>lA:: ,I

).:>..:>~ 0':>li.:-. I~ ~ d-,) jI ('If ~ ~ ~ ),.:>o~t) ~y..S .:>~, .;.k ~ ""IY'!.}!)Y<.SlA.)Y"'"

P&W JT8-D (.5""-!.-uJ,.J""-4, ..5)j.!)y,..., ~. <.S)\S..;.i,)~ j.!.y.04.~b W ~ !$.~1 <.SI)"!6..o.Jl:>

~I jI <.S~ ...5).:>01 <L.J1.h..~ 6...S..L..::.4,('I 0.:>,;SdJl) ~, ; 01~ ~ I) .; 1~ lA.~.I~ <.S)~ <.S,).IS
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Elfte JT8D is a dry sump hot tank lubricating system. Oil tank capacity is 6.3 gallons of

usable oil and a 27% expansion space. This system contains o~e gear type pressure

pump. one dual gear scavenge pump. and three single gear scavenge pumps. The JT8D

lubrication system does not utilize a thermostatic bypass valve in fuel-oil cooler, but

there is a pressure bypass valve which allows oil to bypass the cooler in the event of

high oil viscosity during cold weather starting or in the event of core clogging.

The engine does not need a thermostatic bypass to provide for increased oil flow to

the bearings during starting as some engines do. Oil pressure is regulated to 40 to 55

pound per square inch gage (psig) at the fuel-oil cooler outlet by a special pressure

regulating relief valve design. and this assures sufficient lubrication during start and

warm-up. The regulating valve mechanism is shown in figure at 'B', and the sensing oil

line can be seen running from the cooler outlet back to the regulating valve. System

pressure is maintained at the cooler outlet regardless of whether the main oil filter or

oil cooler are bypassing or whether they are flowing normally. This occurs because

this regulating type valve senses pressure downsteam of the oil cooler. If.for instance,

oil pressure drops at this point due to high oil viscosity or blockage of some type, the

sense line signals the regulating valve to bypass less oil back to the supply side of the

oil pump and thus deliver more oil to the system. The oil pressure in the system is

much higher at times in. the upstream side of the oil .cooler than it is at the

downstream side. If the inlet pressure of the main filter is 70 pounds per square inch

gage higher than the outlet pressure, a bypass condition will exist. Similarlyif the fuel

oil cooler inlet pressure is 75 pound per square inch gage more than the cooler outlet

pressure, a bypass condition will exist.

I-Pressure subsystem flow path

a) oil tank- pressurized to 5 (psig) ;

b)main oil pump- a gear type, capacity 35 gallons per min at take-off;

c) main oil filter- bypass setting, 70 pounds per square inch differential, oil filter

check, 150 hours maximum;

d) regulating relief valve- sets oil pressure 40 to 55 pounds per square inch gage

downstream of cooler ;

e) fuel cooled oil cooler- bypass setting, 75 pounds per square inch differential;
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f) oil pressure connection to transmitter, 40 to 55 pounds per square inch gage

regulated oil pressure;

g)oil temperature connection to transmitter, 130°C maximum;

h) low oil pressure light- during engine start, goes out. at 35 psi differential,

approximately 28% N2speed;

i) No.1 last chance filter, oil jet, and bearing;

j) No.2 and No.3 last chance filter, oil jets, and bearings, and bearing of tower shaft ;

k) NoA and No.5 last chance filters, oil jets and bearings ;

1) No.6 last chance filter, oil jet, and bearing;

m) NoA-1/2 oil jet and bearing.

2- Scavenge subsystem flow path

a) No. I bearing sump-scavenged by a gear pump located in the No.1 bearing sump.

out through and external line, directly into the m~inaccessory gearbox sump;

b)No.2 and No.3 bearing sump- drains down through the gearbox driver shaft

housing in to the accessory gearbox sump;

c) NoA-1/2 bearing sump- scavenged by one element of a dual gear pump, located

within the sump, and out thought and external line which interconnects the

accessory gearbox scavenge pump return line to the oil tank;

d)No.5 bearing sump- scavenged by the second element of the dual gear pump

within the sump. and out through an external line, which also serves to carry

NoA and NoA-112 bearing oil to the accesso.rygearbox; .

e)No.6 bearing sump- scavenged by a gear pump located within the sump and out

through combination vent and sc~venge tube located within the low pressure

turbine shaft. No.6 scavenge oil then mixes with No.5 scavenge oil and returns

to the accessory gearbox by an external line ;

f) Accessory gearbox sump- scavenge by a pump located within the sump. Oil is

returned to the .oil tank de~aerator via an internal passageway;

3-vent subsystem sequence of flow

a) No.1 bearing sump- vents through an external line into the accessory gearbox;

b)No.2 and No.3 bearing sumps- vents down through the gearbox;

c) No's 4,4-1/2 . and 5 bearing sumps- vent through an external line into the

accessory gearbox ;

d) No.6 bearing sump- vents through a mixed vent / scavenge tube provided within

the low pressure turbine shaft, to the vent for bearings 3,4 and 5 ;
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i. Be sufficient to obtain max. power.

ii. Deliver an atomized spray of fuel sufficient to maintain a flame

at minimum thrust at any altitude & forward speed.

iii. Vary approximately with changes in forward speed and altitude

to hold the selected thrust or rpm.

iv. Be injected in atomized form throughout the full rang of flow.

~ ~ ~b)y-J ~I,..:z><li~);:,~1 jllS;:,I..I.Jr.jas O~.;:,}'~ ..I.>I~lS;:,I..I.Jr.jjI ~L.,)~, ~ ~ )~

engine fuel system 41 ~ d S ;:,);:, )} ),;,." lS~) );:, ~;:, lS;:,I..I.Jr.j~ O;:'y,.j~.J""-"airframe fuel system

.~.~

: .: 10">"':'~ .)!.jlS~ ~ jI airframe fuel system ~

fuel tank(s) (1

booster pump(s) (2

fuel selector valve(s) (3

L.P. fuel cock (4

: ..:: ,1 0">"':' I ~ ,. 7 ~ ;:"1' . engine fuel System ~~ ~)y.:J

: .: I.)!.jlS~ ~ J..oL:.as : L.P. engine fuel system (1

L.P. pump .i

fuel cooled oil cooler .ii

fuel heater .iii

fuel filter .iv

fuel flow transmitter .v
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: .: 1ftj ~~ .:...o J Jot.;. IS : H.P. engine fuel system {2

H.P. pump .i

fuel control unit(F.C~U.) .ii

H.P. cock .iii

pressurizing valve .iv

fuel nozzles .v

Airframe fuel system

...: 1J~ ftj ..s:t;1.:>~~ .:..li,1 ~ , J4 ~<I..i~j>1,) ;,) ~1 ~}A AS ~I~ ~IA ..54 j>b ;,) .::..>,....

j>t,) ;,) .~~ 01 ,).r.4 ":-,,b ~I~ .::..>, 4 ~ , ~b ~I~ tY ~ ~ 414,)1.1.w.i .,),) H 0.r.:>~

y;1 ~I J.1lI>AS..I.J;I,);I} (submerged) ;, cI..b~.:..;,- ~ (boost pumps) ~.;;S]I ~IA';4 ~ 4j ,

~~ ~ l..Jb.u,J ;,) vapor lock ,)~I jl ~ .: 1;';}A ~,;;,) L.P. pump ~ ~;~ 4.::..>, 0..I.JL..;

~I.H I; ~I~ I~ ;~ ~~ ,)~ ~ jl'J? ,)~j tU;;I ;,) ~ ~IA~I~ ~I ~ ~,; 4 d'~ ,)~

<Lt..5~ ~ jll; .;..;;.,.-. ..I.JI~ jl'J? Io)"~ ~0l.:1>selec~or valve ..5...oS~ .~~ ~t.-.;:..>, ~

<Lt.w~ jl';";;', 0~fi'"j..:., , ~ ~I.r. AS .: 1~~ L.P. cock 0;>\14, o,)bJtA:;1;';}A ~ ~ , ~,) ..54

L.P. Engine fuel system

H.P. fuel ~ ~ ;~ 4 I; .;..;;., , o~,); ;';}A ~~ AS.: 1L.P. fuel pump ~ ~I .ubi ~,I

, .: 1fuel cooled oil cooler ~ ~1 ~,) .ubi .~ ~~ k vapor lock ,)~I jl ,O..I.JL..;pump

,)~ ..5..;.>.::..>, .h ,; ~,; ~ ~IA~I~ ;,) ,)~j .::..&.;->~.~ ~h~ ~;\S..;.&.,;~;,) 4S ;~~

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

~ , .;..;;.,0,)j ~ wlS:.ol..:..};> ~),) ~~ 0,)~ 0::-!4, ,)~j .:..k.U;;I;,) jl,~ ..:..k~ : Fuel heater<

H.P. r;3 04fi" ~I~ ~I.r.--o, 0,);S' ~ fuel heater ':"~}A;- ~l> ~ ;,) .,);1,),)~, ;:J.:.90,);S'

jl ~ ;,) .~~ ~~ ~ 01~ ~ jl .;..;;., 0,);S'r; 4, 0,);S' j4 fuel heater ~ I;compressor

fuel ~.ili o jl t)l.bl ~ wl.:1>, o~ ~,; ~lS'),) ~1fi" ;:J.:.9~ ~ ~}A.: 1~ lA~lj>'b

.~ ~') I;heater

~ 'p- _' Io)"l-> ~l..Jb.:: j <Lt..s:t;l> ,)1,- ~l.o=..>l,),;, jl ~~ ~ ;,12.:..0 ~ : Fuel fIlter<

04fi" 0'j-::-o jl ~U"1 0~ 0;> \I~ .~~ ~ bypass ~I;I,) , o~ ~ .::..>, ~ ;,) micronic

rj\l J~ .~ ~ ~.;;S]I .:..;~ <LtAS fuel flow transmitter ..; ,1~ wl.:1>~I.r. .::..>,....

.,)~ 0,)1,)0L.;.jPPH(pounds per hour) .:..;,- ~ , o,)~.; 0..).;A..I.JL.;.j~ I; .::..>, 0~fi" 4 ":-,,b
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H.P. Engine fuel system

variable JL.:. ~ ~~.~ jl , O~Hengine driven j-::-i~ ~I : H.P. fuel pump «
~ <.S~ cam plate <.SI;I~Ub~ ~I ~I~ d$ )~~ .~~ displacement piston(plunger)

~ ~~ ~ ";"-O'? &-tl .~I..o..:.:-o .j__ ~-: ~ ~,;> , o~;S' j__~-:Ub0~ .::.S;> J,b 4c31 ~,Ij ~ 4 d$

p-::Jbl,...> ~ FCU .::-.j )~ ~)~ ,x.::-H burners ..: ~ ~4.j)~ 4 I) .;..>,-. , o~;S')15FCU

0~ ~ J.oI~~; ):U)~ 4)f jA~, 4,,:-,b cam plate ~,Ij j__ ~-:~I, )~ FCU ¥, d~

<.SI.H .~~h ~~ )fjA ~ ,,:-,I.:..o)~ 4.;..>, ~; ~~, o~~ t~;I, ~ ~Ir-,EGT ,rpm

: ~~ .; ;4.)~.)!j~ ~ J~ ~ FCU ~,> )15r~1

throttle (thrust lever) movement .i

compressor inlet air temperature & pressure .ii

compressor rpm .iii

compressor outlet pressure or burner pressure (Ph) .iv

exhaust gas temperature (EGT) .v

.:.J4.)~.Hj rl}'4~ ~ I) 6'1 <.S~ J~ )"';jA jl .;..>~J.F5 ~ UbFCU 0~ ~ <.S~);;jA )~

)"';jA jl ~~ ~)fl)~)15 "'-! 0~ ~~ )fjA)~ ~ l.ol.~~ closedloop 4c31~ ,) ~I jl..1j;l~

.~~~ J')lbl open loop 01 ~ l~1 jl ~~ o~\::,}

throttle

unmetered
fuel F.C.U. Engine thrust

I , ,
, I 'RPM ~. I ,, I ...-.- _ _ _ _ _ _ .z I ,
I I .."
I L E;S8I 7 II

.!,._ _ ___ ~~C!!'!!e!~!:!t _ _ _ _~

,<.Sr:-~I;-::. rW )~ , jlJ 4.::,...,~<.SUb~, rW ).:JJl..i.:.1~l! , ~1S .;..>, ~\; .>.>1,~I ¥, '1,..-:'1

.mechanical CY~ ~,~~ )fjA <.SI)'!(..., .:J4.j,~.::...&y-J.'14, ~4 t~;I'r}".:Jy-J <.SI~)<.Sjl,~

<.S)'!}Lo, ~1J)j4 <.S~~I~).:J ~1S...o,)~ ~ d$ .:J~.::..54. electronic"hydromechanical
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..)~ 0.)1.)

~ .)}, .)~j )L::J4 (01 pS'1;~~ 4 '":-'~) ),...~ b,; 0~4')? jl ~ I~ ~I.1::-odS ),hiloA

)L.:..J~ ,.))'!~ .:..)~ JI;-,=>1~ , o~ 0~4 01 ~ burners b,; .::..>~ ~1 ).) l; .)~JI;:>I

H.P. fuel pump ~ J:b ,.),..:.spray ~)L::J~ ~I~ ~ J>I.) ).) .).jl~ l; ~4 .)4.j)~ ~4.::..>,...

FCU 4 ol;-oJb, o.)~variable displacement piston type tY jl ~ .c.iS dS ~J,hiloA dS ..: 1~ j::-i

)~jA}5 .H}, ,. ~ J.oI~,:?.J };U).) 4FCU b,; )15.),>)~ 01cam plate ~,Ij, o.)~~

~ , ~ ~ 0L:J> b,; manual ),b ~ jl5"~.) ~, .hA9J.o'~ 0!10~ J.)dS.).)H ~
: jl ,J.;.j)~ ~ FCU tY 0!1 ~1.:..t...b.9 ..).j;l~}1 ~1.o,;1 J,b ~ J.o'~

~, 4 '":-'~ , o.)~ ~ throttle (thrust lever) jl5"~.) .h...,;.ubi 0!1: throttle valve (1

cam ~,Ij..ull') ~ ~ 'J jl5"~.) 0l:l> .11 ~ ,.1lI>.1::-oJu ;-;IJ~ ~,;> , o~ ~, j4 01

.:.r.AJ';),.) , o~ 0~4 JI.;:>1~ ~ ~; - ~_:.::..>~, ci4. ~Ijil ~ ~,;> , o~ .)4.jplate

J-.>'~ f'W ..Li1.).J.7.1)jU"~.) 0l:l>./I..)~ .)4.j)';jA..: 1; , ~ .)4.jJ~~ 01}1J.)'

..))'!~ .:..J~ cJ~ J~ J,s

~ I~ ~1.) t\..Q;;I~I}I 4 dS ~.).jl,> ~~.),;1 ).) : Barometric pressure control (BPC) (2

4 ",:"-",,L:.:..o,~ JI,;.>I ~, J~~ .);1,~;;-oS~I~;I..u... 1.lJ...l.?4."sa~1S 'JL::J~1S.::..k

~ 0!1 ~jA dS "saj::-il5:.o..)~ ~I,> overheat .:.r.A),;)'I, ..l.?4.~1S dS ~~ j::-i '::">~w4.fi" 01

cam ~,Ij atmospheric condition 4'":-'~ '..l.?4."sa ~I}I tlAJ;I~.fb dS,)Jb f'~BPC ,)~

~ ~~ .::..>, , o~ pS'.::..>~ JL::J~).) '..l.?4."sa~1S ~ ~,;> , 0,)1,)~1S IJplate

.,)~ 0~4 JI;:>I ~

over jl ~~,b:- ,.::..>,...04.fi" J;:-:5 ~.;b jl ,o~.) 0!' ¥,)',-..o: Engine speed governor (3

J,,)..: I~ lA)';jA ~ J.)~' ~Lo..:.;j,~'),,) ~jS1..O jl J~~ l; ~~ J';jA 0~ speed

¥, ~ )~ , Xw..Y-::-oall speed governor tY 0!1~ dS ~W J;:-:5 IJ 0~ .h...,; o~ ,-:-,~I

.~~ jl:i 4 '":-'~ cam plate ~,Ij Ju;-; j::-i~I, 0!'

, t:;!.r .:..1;__;-;,~.) .::.Sr ~ 4.,b:- ~ ~r IJjl5"~.) 0l:l> .11: Acceleration control unit <4

.::..>~ 04.fi" 0.)~ ~loA ~I, 0!1¥, ~ ..),).1~ .:..~ "r:-' .).jl~ .::..>~ 04.fi" ~1

j1l:i1; ,~ ~~,b:- over heating jl )',1 rapid acceleration ~jA J,) ~ .~~ I~ 04.fi" ,
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i.
\..---'~.----

PILOT FUEl.
(PRIMARV) .~

!npF.NJ ""' ..., METEAEO FUEL
FnOM FUEL
CONTAOL

PAESSURlZlNG
VALVE

(CLOSEO)

METERED FUEL
FROM FUEL
CONTROL

FUel,. FLOW .
TRA,.iSMlTTER

28 VOC

l COCKPIT. SVlJTOH

FU.EL
TU8£S

~...--

AIR
OUTLE T

\
\,

L. SOLENOID

I
/ AIR.' 5HUfOn

VALVE
"'-BLEED AlA

INLET

Fuel hea.ter
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tS~ ~ JI~1 ~ rich blowout jl ~4-i )~ \;jU .~),1IS" ~ ~ .: il.o.o), x-oS0~ .).il..ol,

.~~ tS~ ,J.:::-Ieandie out jl rapid deceleration c9jA )~ .~~

)~ ),::SLJ~; ~I~ L~I ~ , ~; ~ 01~ I)EGT ~I~ dS),h;loA : EGT control unit (5

~ 01 J;-::':s ~ a...S~~.a,> ~ ~ 1.lJ.~)~ .bL:;) )';jA.: )L 41~_;;- A dS ~),1 ~l > ~ )';jA)15

j o& ~ tS~,J.:::-)';jA , ~),; ~ 4.4.1..::>0..1..01~), jl );;..0~,.1> jl 01 j,~ jl tS~,J.:::- , )IS~,> ),.6

j,..;-!I~~),; ..::...o.-.i )~ dS (.S"!UbJ?,s' jA'; jll) .,J.,,~.J'" J~ dS .: 1~ ~ .1>1,~I ¥, , ~1

.~W Jp I) .::..>, 0~fi" , ~b .:.J~)~.).ilo~ ~

J..>b jl tSl~~ .h-.,; , ~b )} fuel nozzles ~ .::..>, 0~fi" ;-::--0)~ ~ ~I : H.P. cock Q

~') ~jA .: 1~ , ~ .al,> ~jAl> )';jA~~ )} off ~, )~ 1;1}'I , ~~ ~ ~IS

c.,..; jl ~ ~~ .::..>,-. u).)..,j H tS~)';jA)~ p-!Io~l~Lr-)4S dS ),h;loA : Pressurizing valve~

-jl)~ p-S .::..>, ~ tS~ U).1! )~ dS .>..:.:A .::..>, 0~4 tSl.r.I~ ,~ tSl)~ ~ ..>..:.:A duplex

oj41, o~ j~ valve ~I.~)IS U).1!~ )';jA,.?'~' .~~ o~4 primary orifice ~~

.~,..:.o~4 ~ main orifice ~~ jl.::..>, dS..>.A>~

, ~b }~ .::..>,-.~ ~ ~.;>1)~valve ~I : drain valve=dump valve=drip valve ~
fuel J..>b.::..>,-., o~ j~ ~~ ~jAl> )';jA 1.;,~~ I) H.P. cock 01..:1>,.?, dS .: 1~I ~)IS

JI~I. ~ ~ nozzle ~~ jl .: 1r$ ~)~ dS .::..>, ~I ~ )~ .~~ ~ I) manifold

dump valve, pressurizing valve .r..~ ~ .~W ~ JI.;:>I ~ )~ o,),~~~I , o~~ ~,I,;

)~ dS ~W ~,; ~.r 0~~1~..: 1r, jA P&D valve ~ , ~I~ )} .1>1,~ ),) tSj'.J"'1tSUb)';jA )~

~,> ~I> )15 J,-I, r~lS:.o~.fb dS.: 1o~ ~L, ~Iyb FCU .o~ ~L ~lA)';jA ojl.).il~ 0~

01 ~L> 0)'~ .: 1~ ~ ~, o~.;S'~I.J'" .,J.,,~.J'"manual ~ ~ 4'.J"'1u~ ~ jl ~tf1 tSl.r., .1.i)~I)

line rl o~b ~ u~..::...o.-.i )~I~ dS tS),h;loA, o~~ tSl o~ o~~ FCU \',-I.~,..:. o.1.il)lf

rl}'~~ 2-68 ~ )~ .~~ ~,~ )~ 0~ tSUbairline ~; cl ~ )~ ~ 01 maintenance

~ 01)15 jyb, u~~ jl ~tf1 tSl.r..~~ o~~ hydromechanical~ jl tSj'.J"'1FCU ~ o~ o~L

.~W ~,; ~'jS )~ o~ .ul) u~,;
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COMPUTING SECTION
r ~-

I Pt2
I
J
I

J Pb
L _ _. _ _ _ _ .,

FUEL
SHUTOFF

VALVE

..
"""""'"
BURNER

PRESSURE
BELLOWS

1--

Fl.YWElGHTS --(
I~.
I
I

. ANCHORpelNT . .. I
o PIVOTPOINT I

B FUELSUPPLY

fiI /.\ETEREDFUEL

.. SERVO FUEL PRESSURE

_.- --
TO

COMBUSTOR

I
I
I
I
I
I
I

.' 11 I

~INC.I- - - - - - - - - - - ....OPEN SHUTOFF
..,)..~

1 ,'SHUTOFF" LEVER"
.~ PILOTSERVOVAlVE

IttC.

I.
.

DEC., , ..,
y' J..,

\ I I
\ . I

- - -.-

+- \- - --
I
I
I

I COMPuTING
I SECTION

. (GQVERNGR)
I
I

- - ._- I

_all

Hydro-mechanical fuel control.
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.

FCUut ~.-

..: 10i ~I} rigging, J~I, 0i ~~, 0~~ o~~ ~ ~,~ '1, jl,~.b> J~ FCU IS)~' ~

..>..:.~ ~ .: I} ;SI...I..>,~J~ J'~ ,..::..>, ~~ 0j, Jot.:. ..:..~

..::..>p jI0'~ f,j-1":"J~ J~ ~ ISUbJi,... J~ ~ 4.5 ISJ,hi~ : """.eo ";'..0uJ, ~ (1

~~ ..:..J~ J~ ~)4 ~t; FCU ;IS y. ..::..>, ~~ 0j, dSc$~i jl .~~ 0~lA:1alternate

<Lk~..ro~ 0..l.ib./ .~~./ ~k ~,.Lbo~ t; ~,.;.o~b~ FCU IS'J 6.b~..ro~ ~4 ..::..>,....

.~~~ differential pressure regulating valve? JL=..9~ ..:..&4FCU IS'J

oL.!~ ..>o.:.~Ji,... .b i j~ .: 1};SI..\> J~ , idle J'~ ~ 0)1,0-!.1jl J~ : trimming (2

J~ "'-!4J";"" J,..J;.;.o~'IS'.H , ~)'!.~ ..:..J~ trim ~I) ,~~./ ~~ FCU 4.module 4.Ji,...

J...:;, o~~ Ji,... .b i j~ .: I} ;SI..\>J~ 'I.S""'L..IflS"idle J'~ ~ jl ~ ..>0.:.4~ ~ljA

~ ..: I.ili 0-!.1o~ ~ (Ji,...tY ~ ~i 4) j~ EPR ;SI.,).,>4.fan rpm ;SI..\> ~

IS~ ojl..l,jllSl.H)lLo ...l.i;,... J~ ~ 1S1o~0~ ~ ~Ir. trimming f~ ~ dS.: 1

tL.o~~ ~~ ~L..J~ ~lo~ dS...l.i1o~~ ~i 0lS"..l.ijL..~~ Ji,...;lS y.;,... ~ 1S1o~~~

1S'j-AJ~ "'-!4 ~~ ~I} ~,.J.b.o ~l::.; ~ J.:.i 1S'y.l:...o...:..~,.;. )~4 t; ~~./ ~ d.J..o, o~~./ ~

<Lk~..ro IS~ J~ , J,I~ jl~ 1S1o~, JL=..9 ~./ ~ J~ 4 I~I .~)'!.~..:..J~ ~,kJ pS , ~4 0'~

~I ~ J.:.i.~~ j~i ~} ~I} ~ , AMA ~ ~ ~Ir. 0i 1S1y.j~ fan rpm 4.EPR .fS1.,).,>

~, EGT , H.P. J""""y.;-oSJ'~ 0~ J";"" ~L..IISUb~IJ4)'!.L... dS .: 10i ~ .b,,r..o 'fli)

0~ d~ ISI)~ J";"" ~p- 4. ":"J~ 0-!.'~ J~,jJx! }} ~~ j~ o~,~ J~'::">"'" 04.fi"

.: 1JS:.: o ISIJI~fuel scheduling ~ o~~ hot section J~ ~.J...:> 4. 0i J~ ~.J...:> 4. J"'" y.;-oS ~
0~ ~ ~ ~i Lt oL.!~ jl ~ ~ ISI 0J'~ ..:..J~ ~ p-!} ~I} 41 .~~./ c$~ 0J~ ~4 dS

J";"" manual ~ "'-!4~,.Lbo ~l::.; ~ J.:.i 1S1y.dS.: 1~, ~)'!.~ ~ ":"J~ linkages ~J.JJ

.~,.;. ~I..ro 6.b~..ro

l..; ~4 ~J~ "'-!4 0i ~ ,Ji,... ~./ J'~ ,.>0.:.~ ~ dS J,hi\.c.Jb: acceleration check (3

idle.::...Jb- jllJ jL.! ~~.~} "-o.il>jl ~ ..).A..l.iIS'J"" ~..l.ilol, 4.Ji,... 0~~'tl~ 0~d~

..:..J~ ~I ~ J~ , .: 1.ylj 10 t; 5 ~ lAJi,... ~11S1y. ~ ./J'~ ~,.Lbo01oj 'p-!~ T.O. ~

.~~~I}i~4

.: 1~ , .: 1p-!~ ~I} ~~ ~ ~ .ili o0-!.': throttle spring back & cusion (4

~,...>ISlAstop 40-:!lS' J~ jlf ~~ jl ~ FCU ~~ IS'J ~I) dS ~)'!.~ ..:..J~ ISJ,b ~4 rigging

~r5 .).AI~ I~ ~? ~~ .::.S;> J~ IS~I , I~I J~ 0-:!lS' J~ jlf ~~ ~ ,~W ~b- ,-",W

.: 10i.::.S;> J~ IS~I t; T.O. .:.Jb- J~ jlS"~~ ~, jl ~I ~ y. .u.-l9cusion jl J~ ,
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MAXIMUM TRIM
(ALLEN WRENCH)

IDLETRIM
(ALLENWRENCH)

FUEL CONTROl
ADJUSTMENTS

Electronic Engine Control (EEC)

.~w o~lA:: 1~,;:sJIFCU jl ,~~ ~~, 4~,> ~~JsJ~ J~ ..)J;I~~ ~ JsJ~ wlf..)JjL..oj,.rol

w~ o~ ~LA .:...o j <LS:.4~I o~ ~,.;:SJI ~ J~ FCU ,w ~ 0-!1wl~ 0-!1jl J~

.: l&.<l!.: 1~ ,o~~ ~,;:sJ1 o..).;.A~wl..o.}, o~ J;:.:5 ~~, ~ ~ hydromechanical

_~b- .:..k <l!.~~ .1Jb1,>;I~),> Y.~ ~~ ,~ .:.j~jl ~ electronic circuitry ~)l4 ~l->

~ fuU authority digital engine control ~L: o <l!~ FADEC ~~ wl~ ~ 0-!1y. ~,;:sJ1 rtJ

o~lA:: 1~;~L5 jl ~,..> ~~ ~~)sJ JsJ~ ,~ )~ Garrett ~,,,- ~~ J~ wl~ <l!.~~ J)lbl ~I

: ~;I~ ~4.J~ IJ}'!.j~~ J~ .0 ~

I. NI fan speed

2. N2-intermittent pressure compressor speed

3. N3-high pressure speed

4. . T,2 -inlet total temperature

5. T,s-highpressure turbine inlet temperature

6. ~2-inlet total pressure

7. Input power - 28 volt DC

8. PMG-permanent magnetAC generator

9. PLA-power lever angle

10. IGV-inletguide vane position

11.Highpressure dischargestatic pressure

~ ~ ,IGVs "'-!,Ij~ ~Iy. rj)l J~~ , o~~ J.::.buIJ~4.J~ ~~ o~l~0-!1FCU ~,.;:SJI ~

active J;-=-:S,~~I~ ~ ~ ,w )#l...o.A.~J1~ JL.,;I hydromechanical ~ J~ .::.>~ w4.~

;I,~ ~I~-9 i jllJ J"';~ ~~.u.-lS JL5~,> J~ 6...S.: 1o~~ 0-!14~ cleamce control system

.~I :.::-o~4.~..5...0S JsJ~ wl..o..)JIJ <l!, o~~ ~ ~)SJ w~

.:.J~4 IJ .::.>,-. j\- _' ~I ~,> hydro mechanical ~1:..oA<l!.:...:-J 4S ~;I~ 0-!1jl ~ts:::> O..)JjL.. ~~)lbl

0Jl.J:u~yb jllJ staU free acceleration, overspeed, overheat JIS~,>J;:.:5 , o~~ meter ~~

..: 1~L.. ~ JsJ~ ~L..I ~~ ;:..olJ4y. 1",1.,).,0
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Example of Commercial Engine Fuel S)'stem (Pratt & Whitney JT8D)

The followingis a completefuel system schematic
showing the relationship of a.!Ithe compOnents, one to the
other, on a typical commercia] sized engine. Thi...config-
uration is typical of a Boeing 727 aircraft

Fuel Flow Sequence:
a. Aircraft fuel tank and boost pump;

b. Engine Centrifugal BoOst ~mp -Bypass set 0.5 to
1.0 pounds per square inch -differentiaJ;

c. Air-Fuel Heater- Bypass set to.20:t 3 pounds per
squareinch-differential; . . .

d. Low Pressure Fuel Filter-(40 micron disposable)

J
j.

I
f

FUEL SHUTOFF LEVER

-

RELIEF VALVE
900-950 PSlG

.5-1~P
BOOST

BYPASS
FROM =

AIRPLANE
FUEL SUPPLY

SYSTEM
(22 PSIG)

bypass set to 8-12 pounds per square inch- differential;
e. Main Gear-Type Fuel Pump-Operating range 150

to 900 pounds per square inch - gauge;
f. Fuel Control--Fuel flows via high pressure mter (20

micron cleanable) bypass set to 27-30 pounds per square
inch-differential;

g. Fuel Flowmeter Transmitter;
It..Fuel'()il Cooler;
j. PresSurizingand Dump Valve;
j. PrimatyFuel Manifoldand PrimaryFuelNozzles;.
It. Secondary Fuel Manifold and Secondary Fuel

NMrl~ .

--,.,-----
' COMBUSTO!'l

DRAIN

AlRlFUEL
HEAT

EXCHANGER.

RETURN TO

~ FUEL SUPPLY
___MANUAL

.. DRAtN
,BLEED AIR

h4.

.MESS.
IMPENDINGBYPASS

, '8-12AP 1((6»)\TEMP.INDICATOR17-23~P.
i LOWPRFSSURE~ (INF..UELTANK)

L'~:.~. - 1.-. -FI.",r:R~.'YPA!::1_. .
~~ ~ . [- INLeT FUEL ~ ._ __ ~J

. .

! PRESS. LOW (SET 5 PSIG)

MAIN . 60 P"..IG .

FUEL . BOOST 11 FUELHEAT ON ...
PUMP SECTION

Fuelsy"em schematic, Pran &Whltney JT80 Turbofan.
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APU ~, -: .. ......
fIN AT _

, ~~ ~ .3J}-! <.Su~l~ f'~ J~ '1~ ~ J"";}A 0'~ "-! 4S .: 1~,s- ~ J';}A~ APU

~j .:..1~ 01~ ':"J"'- J~ (I~ J~ ~, ~j <'s'J '1~) ,.M It.u:.}Al>c.J...1<.SlA.J,;~~~

jl ~1 J.1..Jb.~l.o.:...:-o~'J l;i jI,~ V"~ ~ 01.:1>'~j.lb )ol> ~ ~i jl o.)\.A: 1~ ~w f'.).&~ ,(GPU)

~I~ ~L.o~ <.SUjL:;~L.; 0i J, ~ bleed ~.)::-i, ~I~ J)'! ~l; , J';li.rJi 0.).jl>~ J';~ ~I

~LS ) ~ 110VAC ~,~ J)'! 0"=: 4S .: 10i APU JIS4 ~IJ J.) r*" ~ ..: 1..., ~.).jIS;1 0~

~t; ~4 APU J'~ ~ J.) , J,;L.;;:Ji J'.) .).j~ ~t; 400Hz..).> J.) ~IS ) ~I <.S')'!..: 1400Hz ~t;

"-! ,j~ ~ fSl.1.->L.;JLS.),> .:..J"'- ~ J'.) 0~ ~'J jI ~ , O.)Y.jl! .c ) .,)jljAPU 'AI jl ,..\.i~

o.)~ CSD ~I.l ,o~ o~.) ~ <.SjL:;h~ ~j ~~ ..).jL.~ ~t;, clJ '14 rated rpm c:)lh.al

,.),..-::. bleed J"""" ~ jll~ ~ , cl~ ~1;.91 J,;li.rJi load ~,.: I ~ .~~ ~~ <1..9r:>0j, J~ .)::-i,

, ;J,IJ jl o.)\.A:14 4S o~ c..s>')o<'sJ,b 0i FCU }'!.,..,u~ ,~I jl.~4, .:.j~ ..ubI,>~IS APU J'~

.c-:,\.) ~ ~t ~L.,;I J,.J.. "-! 0i J'~ fuel flow JLS~,> ~IS ~~1;.914 acceleration limiter .)::-i

J~~ 4S FCU ~I JISjl ~ ~I!i <.SI)'!..).j;1~}} jI,~ V"~ ,.4l;<'s'JAPU ~~ .:..'1i, ~1) ..)~

.~L.) ~,; V"')IS)~ J-io .:..~,; ~ ..: Ili,.#) i Garrett J,.r- ~l»1S .;..>L...0i

CONTROt. AIR
PRESSURE
GAUGE TAP

FUEL
BOOST
PUMP
LOW
PRESSURE
FILTeR

AcceLeftA110N
UMfTER
(FUNCnONAL0.85%)

PS PftOBE

FUeL NOZZLE
PRESSURE GAGE
TAP

FUEL PRESSURE
GAUGE PORT

FUEL
ATOr.uzER

FUEL INLET
PRESSURE
GAUGETAP

GOVERNOR FUEL
/i:UNCTIONAU SOLENOID
\ 95-100%/

ACCELERATION AND OVERLOAD
THERMOSTAT (HORMALL V CLOSED)

Small aircraft APU system
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1JQJ][j[b~0l)~[E[Ji)~OUU~~;;~~~~2f~lt~m

G~ITl1~rn~ ~~<QllLiJ~LF~LrTI~U1)~u

Thefuel system is one of the more complex aspects of the gas turbine engine. The variety

of methods used to meet turbine engine fuel requirements makes reciprocating engine

carburetion seem a simple study by comparison.

It must be possible to increase or decrease the power at will to obtain the thrust required

for any operating condition. In turbine-powered aircraft this control is provided by varying

the flow of fuel to the combustion chamber. However, turboprop aircraft also use variable-

pitch propellers; thus, the selection of thrust is shared by two controllable variables, fuel flow

and propeller blade angle. The quantity of fuel supplied must be adjusted automatically to

correct fo~ changes in ambient temperature or pressure. If the quantity of fuel becomes

excessive in, relation to mass airflow through the engine, the limiting temperature of the

turbine blades can be exceeded, or it will produce compressor stall and a condition referred

to as "rich blowout". Rich blowout occurs when the amount of oxygen in the air supply is

insufficient to support combustion and when the mixture is cooled below the combustion

temperature by excess fuel. The other extreme, "lean die-out", occurs if the fuel quantity is

reduced proportior.ally below the air quantity. The fuel system must deliver fuel to the

combustion chambers not only in the right quantity, but also in the right condition for

satisfactory combustion. The fuel nozzles form part of the fuel system and atomize or

vaporize the fuel so that it will ignite and burn efficiently. The fuel system must also supply

fuel so that the engine can be easily started on the ground and in the air. This means that the

fuel must be injected into the combustion chamber in a combustible condition when the

engine is being turned over slowly by the starting system, and that combustion must be

sustained while the engine is accelerating to' its normal running speed. Another critical
. .. .

condition to which the fuel system must respond occurs during slam acceleration. When the

engine is accelerated, energy must be furnished to the turbine in excess of that necessary to

maintain a constant rpm. However, if the fuel flow increases too rapidly, an over-rich mixture

can be produced, with the possibility ofa rich blow-out. Turbojet, turbofan, and turboprop

engines are equipped with a fuel control unit which automatically satisfies the requirements

of the engines. Although the basic requirements apply generally to all gas turbine engines, the
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conveniently generalized. Each fuel control manufacturer has his own peculiar way of

meeting the engine demands.

Jet Fuel Controls
Fuel controls can be divided into two basic groups; (I) Hydromechanically and (2) Electronic.

The electronic fuel control is combination of the two basic groups most fuel controls in use

today are completely hydro mechanical type.

Regardless of the type, all fuel controls accomplish essentially the same functions, but some

sense more engine variables than others. The fuel control senses power lever position,

engine rpm, either compressor inlet pressure or temperature, and burner pressure or

compressor discharge pressure. These variables affect the amount of thrust that an engine

will produce for a given fuel flow.

Hydromechanical
jet fuel controls are extremely complicated de~ices. These hydromechanical types are

composed of speed governors, servo systems, sleeve and pilot valves, feedback or follow-up

devices, and metering systems. In addition, electronic fuel cQntrols incorporate amplifiers,

thermocouples, relays, electrical servo systems, switches, and solenoids. Each fuel control

must be studied if it is to be understood.

Jet Fuel Control Maintenance
The repair of the jet fuel control is very limited. The only repairs permitted in the field are

the replacement of the control and adjustments afterwards. These adjustments are limited to

the idle rpm and the max. speed adjustment, commonly called trimming the engine. Both

adjustments are made in the normal range of operation. During engine trimming the fuel

control is checked for idle rpm, maximum rpm, ac~eleration, and deceleration. The

procedures used to check the fuel control vary depending on the aircraft and engine

installation. The engine is trimmed in accordan~ewith the procedures in the maintena.nce or

overhaul manual for a particular engine. In general, the procedures consist of obtaining the

ambient air temperature and the field barometric pressure (not sea level) immediately

preceding the trimming of the engine. Care must. be taken to obtain a true temperature

reading comparable to that of the air which will enter the engine. Using these readings, the
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desired turbine discharge pressure or EPR (engine pressure ratio) reading is computed from

charts published in die maintenance manual. The engine is operated at full throttle (or at the

fuel control trim stop) for a sufficient of time to ensure that it has completely stabilized. Five

minutes is the usual recommended stabilization period. A check should be made to ensure

that the compressor air-bleed valves have fully closed and th.at all accessory drive air bleed

for which the trim curve has not been corrected (such as a cabin air conditioning unit) has

been turned off. When the engine has stabilized, a comparison is made of the observed and

the computed turbine discharge pressure (or EPR)to determine the approximate amount of

trimming required. If a trim is necessary. the engine fuel control is then adjusted to obtain the

target turbine discharge pressure or EPR on the gage. Immediately following the fuel control

adjustment, the tachometer reading is observed and recorded. Fuel flow and exhaust gas

temperature (EGT) readings should also be taken. The engine trimming should always be

carried out under precisely controlled conditions with the aircraft headed into the wind.

Precise control is necessary to ensure maintenance of a minimum thrust level upon which the

aircraft performance is based. In addition, precise control of engine trimming contributes to

better engine life in terms of both maximum time between overhaul and minimum out-of-

commission time due to engine maintenance requirements. Engine should never be trimmed

if icingconditions exist.

Adjusting the Fuel Control
The fuel control unit of the typical turbojet engine is a hydromechanical device which

schedules the quantity of the fuel flowing to the engine so that the desired amount of thrust

can be obtained. The amount of thrust is dictated by the position of the power lever in the

cockpit and particular operation of the engine. Thus, the thrust of the engine and the

consequent rpm of its turbine are scheduled by fuel flow. The fuel control unit of the engine

is adjusted to trim the engine in order that the maximum thrust output of the engine can be

obtained when desired. The engine must be re-trimmed when a fuel control unit is replaced

or when the engine does not develop maximum thrust. After trimming the engine. the idle

rpm can be adjusted. The idle rpm can be adjusted by turning the INC idle screw an eighth of

a turn at a time allowing sufficient time for the rpm to stabilize between adjustments. Retard

the power lever to idle and re-check the idle rpm. If wind velocity is a factor. the aircraft

should be headed into the wind while trimming an engine. Since trimming accuracy will

decrease as wind speed and moisture content increase, the most accurate trimming is
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obtained under conditions of no wind and clear moisture free air. No trimming should be

done when there is tailwind because of the possibility of the hot exhaust gases being re-

ingested . p:-sa practical matter. the engine should never be trimmed when icing conditions

exist because of the adverse effects on trimming accuracy. To obtain the most accurate

results. the aircraft should always be headed into the wind while the engine is being trimmed.

With the aircraft headed into the wind. verify that the exhaust area is clear. Install an engine

trim gage to the T-fitting in the turbine discharge pressure line. Start the engine and allow it

to stabilize for 3 minutes before attempting to adjust the fuel control. Refer to the applicable

manufacturer's instructions for correct trim values. If the trim is not within limits. turn INe.

MAX screw about one-eighth turn in the appropriate direction. Repeat if necessary until the

desired value is attained. If the aircraft is equipped with a pressure ratio gage (EPR). set it to

the correct value.

RiggingPower Controls
Modern turbojet aircraft use various power lever control systems. One of the common

types is the cable and rod system. This system uses bellcranks. push pull rods, drums. fair

leads. flexible cables. and pulleys. All of these components make up the control system and

must be adjusted or rigged from time to time. On single-engine aircraft the rigging of the

power lever controls is not very difficult.The basic requirement is to have the desired travel

on the power lever and correct travel at the fuel control. But on multi-engine turbojet

aircraft. the power levers must be rigged so that they are aligned at all power setting. The

power lever control cables and push-pull rods in the airframe system to the pylon and nacelle

are not usually disturbed at engine change time and usually no rigging is required. except

when some component has been changed. The control system from the pylon to the engine

must be rigged after each engi~e' change and fuel control change. Before adjusting the power

controls at the engine. be sure that the power lever is free from binding and the controls

have full-throw on th~ console. If they do not have

full-throw or are binding. the airframe system

should be checked and the discrepancies. repaired.

After all adjustments have been made. move the

power levers through their complete range.

carefully inspecting for adequate clearance betWeen

the various push-pull rods and tubes. Secure all

lock-nuts. cotter pins. and lock wires. as required.
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Flat Rating
Today, most gas turbine engines are characterized as

flat-rated. This refers to the flat shape of the full Power
curve and the point on the ambient temperar.lre scale at
which the power starts to -drop below 100 percent Figure
7-'22 shows this concep~ on a fan' sPeed-rated engine.
Analysis of the curve will reveal that a fan' sj>eecfof""96.'
percent revolutions per minute conesponds to 100 percent
thrust on this engine and that this value can be obtained at

any ambient temperature up to 90"F. That is. by moving
the power lever more and more forward, the pilot can
obtain rated thrust at any temperature up to 9O"F.After
9O"F, more forward movement of the power lever is not
permitted because it most likely will result iD an engine
over temperature.

When ambienttcmperatnre exceeds the flat rating of the
engine, 100 percent thrIist can no longer be -obtained. This
being the case, the airaaft's gross weigbtmight need to be
ad~ or, at the very least, nmwaytakeoff roU will
increase and the flight crew will need to account for this
iDtheir take-off procedures.. .

Some engines are fiat rated to only 59"F, .others over
lOO"F.This consideration depends largely on the Deedsof
tbeairaaft roamJn.t"tUTer.Generally, flat rating is believed
to enable the engine to prOduce a CODStaDtratedthrust over _

a wide range of ambient temperatures withoutworlcing the
engine harder than necessary, in the interest of prolonging .
engine service life.

For example, an engine rated at 3,500 pounds throst at
59"F might be re-rated to 3,350 pounds thrust at 9O"F.Tbe

aircraft user perhaps does not need to utilize 3,500 pounds
thrust nor the maximum gross weight of the aircraft, and
he would-Ijketo benefit from increased engine service life

and lower fuel consumption by operating at 3,350 pounds
thrust maximum: Flat rating is then an engine
manufacturer's way'of re-rating an engine to a lower rated
thrust than it would bave at Standard Day temperature. The
engine will then be able to use that lower rated thrust over

a wider ambient temperature range. Flat-rating is equally
applicable to all types of gas turbin~ engines, both thrust

producirig engines and torque producing engines. The
aircraft manufacturer will probably use the following
process, or one very similar, when selecting the flat-rating
that best suits his needs.

- 1) The user decides the take-off power needed for his

aircraft configuration, route requirements, runway
lengths, nmway aJtirotfl"':,etc.

2) The user calculates the highest ambient temperature
at Which required takeoff power can be obtained.

3) The engine and aircraft manufacturer print all of the
fDghtmamJals, operational instructioDs, etc., to reflec:ttbe

~ takeoffpawerasthemaximumusab1~~nonna1
.operation.

From this example, it can be seen that if an engine is
re-rated to a lowerpower level than it is capable of produc. -
iDg,the engine still retains its full capability of power as a
reserve for emergencies. It can also be seen that no
mechanical changes are needed to the engine or fuel
scheduling system, merely changes in the printed opera-
tional data. .

Ear Protection From Noise

A large turbojet or turbofan engine operating at full
power settings can generate sound levels up to 160 deci-
bels at the aircraft. Smaller engines of all types-can gener-
ate sound levels up to approx~tely 130 decibels. This
noise intensity is sufficient to cause either temporary or
permanenthearlng loss if adequate ear protection is not
used by ground personnel.

The most effective ear protection device is the muff

type, which fits over the entire ear and defends against
noise to the ear opening and also to the bone structure

behind the ear. Ear plugs provide minimal hearing ]~
protection and are generally only recommended for use in
lower noise areas or for low time exposure to higher noise
areas (Figure 7-21).

The Federal Standard for noise protection is outlined in
the Occupational Safety and Health Administration Stand-
ard, 36th Federal Register, 105,Section19-10.95; .
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STATICCONDmONS:NO BLEED,NO POWEREXTRACTED
ENGINERUNwmt HOTJET NOZZLEClASS AS PERDATAPLATE
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~ jl o~lA:: I..:-..1 ~I, ",:,1.k~ jl ~ 01 ~.x.:S..5..;> ;llftj ~I ~.~.~ airliners)~ w"~

y-A ~Ijl ~ 707 ~~I~ J~ wl~ ~.~ ~ I) w~j & # 1A1.o.:?1~dJ,f ~I)~ .:-..I>}'!.:x.> ",:,1

~,; 4 dS ~~..Jya.o~;:? ~I, .:-..I>}'! ,,;;}~ 3 .:x.> 1;1 ~ dS.~ J.o> ",:,1wJ~ 300 ~,..).> ),;~

~.:...J& ~ .~~ 4.5:1 ~,~ .::..>,... ~ ",:,I.~, 12:1 ~,..).> ",:,1~ I~ ~ JT3-D )~j-O ':")..l! ~

.: I;~;-' ~I~)~ ~I ~ ~ft~ .:..)~ 40°F ~)/4 c.S1o~)~~4 ),;~ ~~')')~ udl> ",:,1~)J ~~I

~~,..w...o JI~1 ~)~ ~)J ~I.H ~, -=-::-i ",:,1~)J ~ c.Sj~; o~}!~4.j ~lS" ojl~1 ~)/, ),;~

.~}~ ~~, !$lo~

tU;}, .L,;4J~ , ~ ~I~ ~ ~ ~ ~I~ .:-..1> Yoj~ 0j, dS ~I~ ~,; ~4 : Hintl

)~~ )~ ",:,1~)J f'}' ~I~ 4. ~4.j tLa;} 4 o~~,} ~ jl':":"'l> Yo.:x.>,.HI jl.~)~ )~j-O.:-..1; ~ , o~~,}
.~w~ 1.o.:?1~ ~~ ~ ~,; ~1.9 ..$..oS

,o~l::..9I;lS ~ .: I>}'!~ full throttle ~b- )~ j~ .:..)~)~ ",:,1~)J ~ ~ ),.1:.~: Hint 2

j--:i~?L..o ~ jl .: 1,j-S.-o.u b- .: 1; 1A),;j-O~ )~ .~~ restore ~?lo ..).> l; ),;~ .:-..1;
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",:-,1 ~J.f j1IM M' jl o~l.O.:: l 4 ..: 1o~ boost t~1 ~ .: 1; ~~ .;;..J~ 0-!1J~ dS '~'J ;I} r.,S.J..cJ~

.~4. ~ ~1j91 %15 ~,.).> .: 1;

01 ~ 1S1y.4- )';:ro IS,) J~ ~ ~l.::-o optional 4S:.4o~~ ~Iyl ",:-,1~J.9 ~ dS .:..:: I.J'J; ~ f'j";

0~~ J';:ro IS'J )-'! 1~1 ,~ ",:-,~IIJ~ 0-!1~ j~ 0t.:,~~ ~ dS ~Ub .::..S.r. , o~ ~ ~

: ~~ <\.b!J'!J"".;;..Lr.b.i~ ~ f'1.a1~; ~ dS ~~ ~ engine, airframe ~ ,~ ~ ~ 0-!1

: jl .).;JJ~ ~ ; ~ ~ 0-!1.;;..Lr.b.i: airframe components CD

~ .b ,; 01 ISI~, ~~ o~~ 01 J~ JSJI, ",:-,1.b~ 4. ",:-,1:water-methanol tank (a

.~~ ~lo.o J';:ro

jl}-!;f ~ jl dS ~l.::-o air driven ",:-,1~ ~ 0-!1J~ : combustion chamber injection (c
. .

J~ swirls vane ~ ",:-,1,; .,\,jL:;.~ 1;1,o~.J' ,)),> y. 01 ~J'; ~ J~ ~ H.P. ISI~, O,)!J'!? J""

.,).. o~L' MI~I~~ - . '-'E-

J~ ~!HJ'; JJj-? ISUbJ';:rodS Ixj ~ o,)lA::,1",:-,1~J.9 ~ jl JJ:r.ISUb~I~ ~I oj'J""I: Hint

~ .;;..I~I0,)~ ~ ,~lA.o ISI)-'!~lf dS;::- 1S,y.; 4'; ~li , c)l;I,; ISI},)lo~ Ub~I~ J'::'d J

,)~ 4.::--'; ~ J, o~ ~~ J,)' ~l.::-o 1S4'; .: 1; y. ol!,),} 1S";4t~}, ~ ,)4.j1S1o;f

.,)~ ~IJ"" <\.b!J'!J""J';:ro, ~I~ manual ~ ,)~, ';;"J~ J,) ~ 0-!1)lf j;b, .;;..~~ jl ~1!1 1S1y.dS
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;;.wl
.. .

f"".............
-- ..

IS~,) , o.J..jb;fI)),..;,...~ d...S ,)~ o,)lA: I ~j IS,) ),) ~ ),;,... 0,) ~ ~') ISI)'!~ ,,) ~I jl

~ jll~ ~ d...S.J..jlo~ <.?I~ 1S),b ~ ,,) ~I .,),) ~ Jly:>1~ ),).:..>,..., I~ JI.;.>I~,...

,,);Jb 0::-"j IS')),) ~ ),;,... 0,)~ ~')~,... ~ .~~ ~ 01.o}oA,rl,; ~, .:..>I..I..iI)5"--!I) ~101,::.:.o

~)5 jl ),;,... j1,~ ~ ;fl~, .~, ~)IS jl ~1.o,;1)~ ),;,... 0~ ~') j' ~, ~jl.ljl ~)IS "--!I)

.:-..1 c.J1S .hA!, ~ windmill ),...~ ',#j ~ ; )\;"",1 "--! ISj~ 0.:1 ~ ~') ISI)'!(flame out }I ).:1)

0'~ I) ),..;,... ~I~ ~.:I ~ "--!;fl ~ ~j IS,) ).:1 .~W j~ I).:..>,...~ , 0.:1"";~') I)4.i~ ~

motorizing I)~ ~, ,(u:.,...l>;.:1 ~ ignition&fuel) ~jl..l..il~ )~ I) ; )\;"",1 .hA! p-::JI.:I~ 0,):f~')
.~~

),) ..J..jb~ I) )}-' ~ 01 ~~ jl , o.:lH~ accessory ~~ ~ ..:.)\;"",10~.:I ~ ISUb),;,... ).:1

c.JLS ISI~ ; }:: I .h ,; ),...~ J.>~ ...I..il.:l~ I) )I~ )~ ),... ~ .hA!; )\;""'Itwin spool ISUb)';,...

-, ; }:: I .v .~~ ..s..oS JIy:>1 jlil jl ~ idle ),.:1"--!~I.:I)'! ~ ),) ),;,... "--!~ , 0.:1~ ~I} I) JI.;.>I ISI)'!

~; ~,.:I &-ll ~; ~, O.:l~idle ),,) "'-!0,L jl ),;,... 0..1..iL..)ISI)'!c.J1S":')..l.91S1).:I~~ "'-!~)';.v

IS~ ~ '01 0j, .:...k "--!~ ),;,... IS)I~ «.r.f-!\ .ili o ~I J::-b .~~ ~') 1) ),;,... ~U 30 ~~ ...9;;

~ 01 wl>~, ~ jlil0l.J> ~lS' ).:1 6.b}!yo ~ 0..1..il>~ ~..:.)\;""'1~ .~I ),...~ )W~ ISUbo~

~ ~),..; ":')..l.9~ ~I ).:1..:I,#~ ..:.),...,~lA!.:I,> ),.:1"--!0~) jl ~ ),.:1~).:I 10 \; 5 ).:1~1.o,;1 ),b

,),...,>1S4 IS,) ~bL.::...I..il~)';}A 01 ).:145 ~I IS)'.:I idle ),.:1 .~I c.J1S idle ),,) "--!),;,... 0..1..iL..)ISI)'!~~

ISI.H )~ &-ll d...S~~.:I r,.:I J-9 ).:1~ ~I)I~ ~ ~~ "--! ~ ~ ISIA),;,...).:1),.:1~I .~~

),..;;" ),.:1, pSl~ ~~ ~ ~I) r.:l~ 0~ ~l> ~ 45 1S)#l.oA .~I N2 ),.:1%65.:1,..>.:>-747),;,...

pSl~ ~~ idle.:...Jb- ).:130:1 pSl~ ~~ ~),;,... ~).:I ~ 45 1S1.v,! ~ ~I ~ ~..:.~ "--!~.
~; ,~ ~~)I~),) 45 ~ , .:...k ~I "--!~ .:I)..I..i.:I~, 1S,s JIy:>1 (SI)'!~I~ 0~1 ~ ~I 2:1.:1,..>.:>-

.~~ )I~ ),,) ~I 45 .,: 1~ , ~~idling "--!).:Ilj 45 .l;jL..)'! IS)'.:I ~ I) ),;,... ~4 (~)f) JIy:>1,; )\;""'I

~~ ..1...A.:IIS') .:-..1 ~ hung start "--!r,...,... ~b- ,.:1.:1~ ..:.~L , ~ ),.:1"--!0~) ).:1),;,... "--!<lfl

,) ),..;,... ~~ 0Lo).:IISI)'!.~~ idle ,,--!,0~.:I;f )~4 ;)\;"",1 ~ ),.:1"--!~.:Iji IS)'.:I).:I),;,... 45~;

~ ~ ~li .:..>,...0.:1,jSlJ.t~ jl ),;,... ),.:1~ljSl ISI)'!~1..l.91~ .~j\.:I~ ~ IS~ "--!, 0.:1~ u:.,...l>

.~~ ~ JI.;.>' jl ~lo.:> cSl)'!c.J1S<.SI~..l.9l!),;,...I,#j ~ .a1,> ~ hot start
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~,..\->IS)'~ )~ u-:;-' , <L.::.;>I.!..il)S ~ I) } }: , I~I oS...: 1~)<> ,j!~ ),;,.., ,:;~~ ~') IS~~, J, JI,)

.:..),- ~ 4 <L;:-iu20 )~ (light-oft) IS~~ JI.r>' .~ j4 I) .:...:>}-'.~ , .c>L...JW I).u~ %10

~ d)lS:..:;, .~jb~ ~ IS~ ~, .c..:.1.if~ I) .:..}:: I~ ~4 .:..)~ ~I ~)~ '.:..!.r-~. .).A)I,>

..!..ijL... ~ I) .:..}: I ~I) ..I..:..i'~':"':>}-' 1SlA.6J,J )~ IjA ~~, 4 ~.u~ ..;;l: 1pS' .:..).>..9

: ~~ o~b ~r-~.J'b ~),..,)~ oS ~~ 0~lA::1~),.., .:..)l: 1~ jl ~ c',;1 ~ 1SlA.),;,..,IS,));)

~lA; EPU 41S}~ '';'r.jl oS ..: 1DC ~~, ),;,.., ~ c,;,j!': electric starting system (1

..\->~ )!7-';;-oS)'~ , ~ ~') ),;,..,~, , ~b ~ I))}-';;-oSo..l.atS"o.!..i~~ ~).> j1 , ~~

o~~ I~ pS', IS~LciI.~ ~ ~I.~ ~ I) .b~) ~')l) f~~ .~) self sustaining

c.,..;.~~ APU , Gb.H~ .l..:.,jl.o.:..).>..9pS', ~ :/1SlA.),;,.., "r-'~ .bA!pS' .:..).>..9J:b ~ ~,

l;-?j -=-..1 f!7-''''' ),...;1;; -})l: 1~, ..: , ~)~ ),;,.., 4~ , o~~ ~')l) .>..9l!~ ~I jl ~l>

.~~ ),;1;; ~ ..k~ ),;,.., ,:;~~ ~') j1~

~ ~ r , ~ j .:..1~ ~ j~ foJ.&.J::.1;)~ c,; ~I : Solid propellant (cartridge) starter (2

",:--,l:..o airliners ISI.H~4j noise J-:!~ ~ ~, ..: 1"r-'~ ~l1:u ISlA.),;,.., ISI)'!compactness,

,j!1.~ f~ .~)b ~~, ..\.4~ .:...:>}-' ,:;i J.>b )~ oS ..: 1cartridge ~ IS')~ ~ ~I .~~

)~ .: S ;> ~ I) impulse c,; jl ~),; ~ .,:;ijl J..:.l> ISlA.jlS', o~ ~ J)'! ,:;4~ .h ,; .:...:>}-'

~ ,:;i)'~, ~ ~') ),;,..,t.?, , ~ I~ .bL:;) ),;,.., 4 )'~ o..l.alS' o.!..i~~ ~).> jl oS ~),i ~

.~~ )}-' ~ j1.:..)l: 1..::..A..;:,,:;..J...:.,~ ~ ~')l) .~) self sustaining -

~ ~ ~~ 0;)lA:: 1,; )l: 1,:;'~ ~ JI.r>' ~ ~ j1 ~ ,j!1 )~ : Liquid fuel starter (3

H ~ ~ ~),; 4 ;)),>)'! jl ~ J'.r>' jl J..:.b- jlS' .~i JI.r>' , .:...:>}-', o~? ISljA~I.).A)

ISI.H~4 mono-propellant c.,..; jl ':"':>!7-'.w:;u~ ~.. ..',j!I)~.~)b ~ I, J.>.r: ~ I) ),;,..,

.~)~ IjA~ c::l:=>1JI.r>'

',j!' jl ~lS')j4 ~ IS~)';"" ~)~: Air turbine starter

~ d...S o~ ~ ,~ }.5 o~? ISljA4 oS ~),; ~ jl , ..J...:.~~ ~Ij) , J ~L ,~
~ )}-';;-OS~ ~')l), ~~ ~).> jl ,:;iJ.>.r: ,0.1.;:>.r: ),;) 80000 l; 60000 ;),.» ~4j IS)'~

~.~ ~ I) .b~j) ~1.o,;1),.6 ~ ~')l) ~) self-sustaining.» ~ ),;,.., J'~~" ~~

~ ...J...:.~~,>J~'- ~~I ,; )l: 1~ ~ l.:-!.;Z,) ':;j, , o;)~ ~4 o~~ ,j!1 )~ ':;j, ~ .:..).>..9

, o~~ yf ,:;1,),; )l: 1.:...0 ~ ~ j150-100 ppm.»)~ 45psi ~,.» )L::JpS'~~lSljA ,:;4~

ISI.H f j~ ),' ..A(' , o;)b ~tS" )'!I)'! 30 l; 20 I;i )'~ .0..l.alS'~ , o.!..il>.r:;)4j )'~ 4 1)~),;

d).J...J30 lb (14kg) J~~ ~j, ~ 747 ),...;,.., })l: 1Jl:: ,:;'~ ~ .~;)~ ~I) ),;,.., ,:;~l>.r:

: ..: 1~l; J.119~)~ jllS~4 })l: IISI)'!IjA04~.~..y,; 200hp J~'-

GPU j1o~? ISljA .i
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APU ),-.~ )1 o~r-s ISI,.,. .ii

..: 1~') d$~1,.,. 1S1Ib),;,..,)1~ ),-.~ jI O~? ISI,.,. .iii

bottle ~ )~ o~ o.r.:>~ o~~ ISI,.,..iv

Air
inlet..

Large engine pneumatic (air turbine) starter

REDUCTIONGEARS

TURBINE.J'~~ ~ST
. ROTOR AIR

MAGNET .
DRAINPLUG

SPRAG
CLUTCH
RATCHET

LEAF
SPRING

DRIVESHAFT
HOUSING

Air turbine starter.
,.,j-J u), ,.)~, ~~I u), ,. ~ tU 011S1,.,.J?5valve ..;}:: 1o~~)1 ~ ~.J'..~ ~

.:.;,) ~ 1S1;1~u )1: 1o~~ .~~ J?5 0~ &:-!l5')1 , cl ~ ;1} ,~ ~ ";"".:J handle .h...,;

...u.~ 1S4- ,j,> )~ ..5)j-! 1S1Ib.;)1: 1)~ v-i,I12 li ..5.::Y" ISIIbo~~ )~ v-i,1 4 )1, o.:J~~,>.r' tY )1

.1S)LS:.:i,)~- _' .~~ 1S;1~, ~ J.:-.~ J~)l5' 01 ~~ plug, .:.;,) ~ 1.S""')4

IS,) shear point~. .;)1: 10l.o.::.>L)~cl))~ ~I ulSJ .~~ wet sump splash 1S~4.;)1: 1

)IIS~ ~ )~ ~ ~I ~~..:J~.:...a.iLo.o ),;,.., ~ 4..o.)...a)1, o~y' ~ ),1- Af ).:Jd$ ':""'101 )~ .

~I;b ~~ ~ ~ )j1..o cU;,;.J )~ IS~')' 1S1,.,. 0~~ ~~ (burst speed) )~I )'~ ~ .; )1: 10~)
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(BOTIOM VIEW)

Starter air regulating and shut-off valve with manual override handle in partial open position.

~ ~4 r'~ ..:.)~ ),), o~ j }:: I ~ <l.o~ ~,.. .)jl~ d,)}' Jl> ),) )y,.. 4 .; }: I ,:;,);f r.?),)

JL> ),) ),...;,.. ~ .; }:: I ,:;,),...;r.?),) 4S d'Jb- ~ ',).r..~ .::...)~ o.)jjL... .b ,. );;..0 ~~ ~,),..\.?<.o ~ L;)

: jl .J.;.;)~ ..: 1~ ,:;1),,)

.::..>, .::...I};;'-it;9,))~ ~ shut down r~ ~j ~') )y,... j,}'I.u,J ),) ~i .i

.~~ ~lS' )Y""':;'>":' ~') 1.S'.t....s,)}' ,,:-,1.:-->;)j,) 4l> ),),~),) 1.S)W>1 ,:;,)j .::...}; I ~ .ii

~.)~ ~)W:.wl ~)L.S ~

: <!.j, ; ,:;I~ ~ .~l:-:-o );;..0~}S ~ ...sI),)15,)4.;)1:: 1

,:;.>..:...s:.:..>...sI)'!d,...l:> A;;),) 12.~,) A;;},) 5 ')""" ,:;,)j .::...)1::1~ .i

~,),~ ~1~,).~)4 ~,:;~..s:.:..> 1.S1r.d,..l>~,) 5 .~') A;;},)5. motoring ~ .H

~, ~.>..:1y ~,)~j ~1..s!L..}' .),,) o~lS' 1.510)1.:-->~ ring geardS.: 1~I ~L..j

J.,) ~ ~)L5 ;j:.'J I.r-j .: 1~,),..\.?<.o~ ~ ..s:.:..>~19 ...sI},).,),> r ...s}S.:..i,)~ .:;.,) ~

.,)~ o.>JbL.:0J""" ,,) ~ ~~I~ ~ ...s,)4.::...JI:: I ~ .r-j.r..~ ),) ',).r-\_ 4 .::...)~splash

COCKPIT LIGHT

___~ I
1& 2STAI"T

! 4f VALVE OPEN: FUEUlGN..' 1' 2, OFF
~-..,

START -of
SwrrCH FUELJlON. n
~

~-.. 8TH
STAGE
el-EEO

13TH
STAGE
el-EEO

Air sources available c:o pneurnadc sC:arC:ers.
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':>~..L> ~ .;-!.. (45psi) J~ ~ ~I~ 0~~ ~ a ~I J':>:Turbine impingement starter (5

J"";"" 0~ ~~J ~,.., ~ o~ ~.I~ Jii,.., .:>,>~I 0-:.-uii~ y!.~ ~ 10.0-' 0 (200-300ppm)

..:>.:>~~ I~ ~ .bl:J) ~lS:JI.:>,>J~':>~ 0~J) ~ ..:>~

) J ::.l> J J~ ~ ~ O':>J-! ~ Jii,.., ~~J fl ~~J~ Jii,.., ~ a 0-!.1J':>: Hydraulic starter (6

..:».I.i ~.I~ ~~J ~I~ .:>flJI5" ~ O':>.J"JI5"Jii':J,..,,s'1 ~ ~.:> ~ ~APU

~ Jii,.., ~ ~Ifl .;JL: 101~ ~ ~,s' ~~Jii Jii,.., ~) a 0-!.IJ':> : Gas turbine starter (7

IGNITER
PLUG

Gas turbine(fuellair combustion) starter Turbine impingement starter

A gas turbine starter
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GAS TURBINE ENGINE STARTERS
Gas turbine engines are started bY' rotating the
compressor. On dual.axial-compressor engines, l.l1e
high'pressure compressor is the on£y one rotated by
the starter. To start a gas turbine engine it is neces.
sary to accelerate the compressor to provide suffi.
cient air to support combustion in the burners.
Once fuel has been introduced and the engine has
fired. the starter must continue to assist the engine
to reach a speed above the se!f.accelerating speed
of the engine. The torque supplied by the starter
must be in excess of the torque required to overcome
compressor inertia and the friction loads of the
engine.

The basic t).pes of starters which have been devel.
oped for gas turbine engines are d.c. electric motor.
air turbine, and combustion. An impingement
starting system is sometimes u~ on small engines.
An impingement starter consists of jets of corn.
pres~d air piped to the inside of the compressor
or turbine case so that the jet air.blast is directed
onto the compressor or turbine rotor blades, caus.
ing them to rotate. .

The graph in opPo5ite-6g. illustrates a typical
starting sequence for a gas turbine engine, regard.
less of the tH,e of starter employed.

As soon as the starter has accelerated the cam.

pressor sufficiently to establish airflow through the
engine, the ignition is turned on, and then the fuel.
The exact sequence of the starting procedure is
important since there must be sufficient airflow
through the engine to support combustion before
the fuel/air mixture is ignited. At low engine
cranking speeds, the fuel flow rate is not sufficient

AIR TURBINE STARTERS

The air turbine starters are designed to provide
high starting torque from a small, lightweight
source. The typical air turbine starter weighs from
one.fourth to one.half as much as an electric starter

capable of starting the same engine. It is capable
of developing twice as much torque as the electric
sta rter.

The typical air turbine starter consists of an axial
flow turbine which turns a drive coupling through
a reduction gear train and a starter clutch mecha.
nism.

The air to operate an air turbine starter is sup.
plied from eith!=r a ground-operated compressor or
the bleed air from another engine. Auxiliary corn.
pressed.air bottles are available on some e.ircraft
for operatinJ!; the air turbine starter.

Figure below is a cutaway view of an air turbine
starter. The starter is operated by introducing air
of sufficient volume and pressure into the starter
inlet. The air passes into the starter turbine hous.
ing. where it is directed against the rotor blades by

.the nozzle vanes, causing the turbine rotor to turn.
As the rotor turns, it drives the reduction gear train
and clutch arrangement, which includes the rotor
pinion. planet gears and carrier. sprag clutch as~rn-
bly. output shaft assembly. and dr:\-e coupling.

2-87

to enable the engine to accelerate, and for this reason
the ~tarter continues to crank the engine until after
seir.accelerating speed has been attained. If assist-
ance from the starter were cut off below the self.

accelerating speed, the engine would either rail to'
accelerate to idle speed, or might even decelerate
because it could not produce sufficient energy to
sustain rotation or to accelerate during the initial
phase of the starting cycle. The starter must con.
tinue to assist the engine considerably abo\.e the
self.accelerating speed to avoid a dela~. in the start.
ing cycle, which would result in a hot or hung
(false) start, or a combination of both. At the

proper points in the sequence, the starter and usu-
ally the ignition will be automatically cut off.

f
e
et
..:

~
X!..c-
E

c3

Exhaust ga~ . Peak starting ECT
tnnperature .JO...-. , - tversus lime ~ / Compressor.. - - .

/ r.pm. versus Idle ECT
time ~

I I
Starter cuts out Engineattains

I idle r_p_m. t;
Ignition oCC I:.:

,
Engine attJins
self-accelerating speed

..

i
E
~
....
~

ECT rise indiC2tn light-up

Starter on Time - seconds

Typical gu turbine engine starting sequence.

The sprag clutch assembly engages automatically
as soon as the rotor starts to turn, but disengages
as soon as the drive coupling turns more rapidly than
the rotor side. "'hen the starter'leaches this over.

run speed.' the action of the !prag clutch allows the
gear train to coast to a halt. The output shaft
assembl~- and drive coupling continue to turn as
long as the engine is running. . .

A rotor switch actuator, mounted in the turbine

rotor hub, is set to open the turbine switch when
the starter reaches cutout speed. Opening the tur.
bine s itch interrupts an electrical signal to the
pressure.regulating valve. This closes the valv-e and

sh~ts off the air supply to the starter.

The air turbine starter shown in fi~urebclow is
used to start large gas turbine engines. The starter
is mounted on an en~ine pad, and its drive shaft is
splined by mechanical linkage to the engine corn.
pressor. Air from any suitable source, such as I
ground.operated or airborne compressor unit. is
used to operate the starter. The air is direcl~
through a combination pressure.regulating and
shutoff .alve in the starter inlet ducting. This vah-e
regulates the pressure of the starter operating air
and shuts off the ai. suppl). when the muimu:t!
allo"".able start~r speed has bee:! reached.
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r

..
d 0.r': ••

faaa",aa •••

~ ),yJA .f'- " o~~ ~w ..l..CL..o JS:..:. d.: I) .:....::-)~}" ~~ ~ )~ ,jj.r.-- ~~I ~ j~ ~)J-4 J.r. ~ Lxi

.:.......;;- )~J-4 o~ ~3) jI ~, ~Lo..:..:-o)15L,I~,~b)} )~}".:r--9J.»~.u..:........1~,.) (51)~'}~

U 0L.oj rA l..; I) ~ oW> ,~~ ..I.cL..o[j ~r:- .h;1~ ~~ L,l ..)~ ch9 )l5".)y. ),.b d.:~.r.- ~

..)~ .:r-,) I)~ 6J.r.- ~b ~ ~ flame out )~}" ~4 w ~)~ <l5j .:r-,) ~~ ~....;.;

'"~,

-------1
COCKPIT - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - DISCHARGE I
SWITCH : - PERMANENTMAGNET AIR GAP I ' ,

:1- --1 TUBE !
I I
I I

+ I I I

I STORAGE I= BATTERY I NOISE CAPACITOR I
_.- I FILTER I
.1-,~ _ -=- _ :

1 -= _ I

I 1

: --- ~ J

- - - - A low-tension DC system.

INPUT
115V ACJ ALTER

PRIMARY
COil

-----~------~--~------------,
1 POWER
I TRANSfORMER

:H (+) 1

I
I
I
1 (+)
1

1 - 1

1 ::=:.. , I

GAS DISCHARGER TUBE

DOUBLER
CAPACITOR

A high tension AC input system

SECONDARY

IGNITER

.1.PLUG '

TRIGGER
. TRANSFORMER

PRIMARY

TRIGGER '1"
CAPACITO R -=-

RECTIAER .1{-)TUBE B STORAGE 'ICAPACITOR(+-)'-

R2

RECTIFIER
TUBe A

R.1
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I
I

,~I ;:";1)')r. 0=.~ "r-:-' ~ 4.! , ;~l
.)J~I , 1,r5-~ )L...::.Ji) shell ~

)~ ~ 45 .:......1 ~.l.!.r..1 4 ~ j11.S~Y'

~ )..oJ • ..L.;.., 5li.o ~ L.:. ~ ~ L...,} -..k~

~ ~ jI PT-6 y:-b.;;..s w;~~~)f'r

~ 0'1 uW <is.;,~ 'o.)Li:.....1 glow type

~ 0~r- )~ }\ ).), ~b J:-:-o,.,1S..ci

)~ ~ oJ jL....:-o ~ I) ..b~ .5 o~ .c>I...I5' ,

.0).) ld,> ,)?,)lS" ~r' )~ <s1~

TUNGSTEN TIP

High-tension igniter

TU NGSTI:N TIP

SEMICONDUCTOR

Low-tension igniter

.0.

f6,MJ.

41 ~ AS' o~ ~ ~, ~ <s~.),;:SJ1jI t5-"-!. o-=>}! ~~ -s~).Y}" ~ ~ i..:-!.;; 15.fbl.L; J.S~

.::....::-~ .J..;).;, I) ;~~ ~r- ~.:.Jlb ~ ~.),~I, o-=>~ '; S)j-! ..,...;11'" ~ gap J5 ..;,~ O.)j o,jr-'

ur:- I.r..j~_'~ fouling )~.;, ~ ~

.....9~ y. I) ..::.,4J---"') .7- L..., , .:r..r-5' I.S,.J , ..l..i,...I..:.

~ ~ ~L, ),) o...;j) )~ .;,1,..,..)j~

~ jl1..L::'"~ ~ a.9ft ~ 5';' 0'1).;, ~ ~L., 3';' 15\)-=> cS ~~ 0'~)iJ-O 0~ ~ 0'~)YJ-O

~. 0::-"; 155))';' .:;-=» 1.:.)~1 tK:.:" .;;~ J'J ~ Jr. ~~ ~ 1.S}'u..:J ~ rS J.'J) ~ Jy...I.Ji ~ ~ ~~
I

rS'¥' 5 .)~j uldij)),) I:.i.,)~ Q,)Li.:.....1J.(; ~ ~)I ~)-=> IS" d.; ~~) a...:......J-;:-:'.)~ ~ I) ~ ~~

..;,.;,~ o.;,Li:...,1 ':14J3J ~ jl )~ J-O rflight ~1J'l ,)f-J .:.~

.s~ d.ii.;.b 0).l.9 ~ Y. 3 o';'7!high energy capacitor type tY j1 ~ <s~).Y}" dj'~ ~ t.dS ),,6 "-I

.~'-:-:-o <L}G ),) ulj ~ rl)'! J3) ~ cS Q,)~ J,) 20 , J,) 11,J,) 3 u).l.S -sl}) )L, u1y.c ~ ...:.......1o~

~I;) S-iljl ~~r ~I 200 ,,-!-~I0~r w..L.:, ~)-~_-: ~ d32000-S5~~ );;J-O ~ o,jr:- jl:J,

~1 ~ ~I~ tY ~ ...,.........L.:.:...,~ 0=.1\.5-=>jjj ...:......1o~ ~~ )YJ-O a.9r- ~ ..j)l>. y. ~

~ high tension JC ~-=> ~ ~~. u~ J=.i ~ ):;J J-O .ur ~ 0j~Y'1·~4 115V AC ~ , 28VDCi
,),..c>·~3;-·)L:J3~ low tension 3 J--.;.ol200 .),J..> uL:r '~~ , 20000volt .),..1...> ~,y:> jl..;j,

, ~ )~}" U r; ~ _. (.$)14 ~fS11 \),;- ..::J.c ~ ..)~ c...9L:. r"J 200 -=>~..l..> 0~r:-.:..~, 2000volt

5 intermittent duty..::.,)'}-C' j-=>~ .,I.jl~ ~ 0=.1 ,.;,":" ..:..1)..1..<> )-=>,d,..,~ ~J-O .,I.jl~ 45oJL:.; \.5L.,.J' oJ~1

J.J-OL> ~.;, .L...> '~j) ~oJ joJ d,.j~ ul~ "-! •..:......1time limit \.51).;, Jjl tY .~4 continuous duty
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lSU, ~ ~ U"W jI.~~ o~ ..i..i\J-l _ 0 ~ )i'"" oj.r; ~ ~L:.j ~ )";"""1, ~L:.j jl:J3 : CautionQ

HJ,§I..l..> ~~ )ji"" 0~ dJ-"'G-;l..l..o.i ~ .~:,.: ..,.,411~1 ~~ )jiy> u.)~ ~'J) f~ 4.S~ ~
.,

JJ--"~~).j-:.k ~,,)~ ~\~ t.Su,)Lr Q..; w).)~ ~ , o~ ~ ~lS' ~ lS~ 0j~ t ..);! ~ ~..)

~~.,~
JoU 01 IS"'"" )j~ 3 .);::~ u),.." 01 o~) ..••jo.Jl~~ ~ ~4 ..:...:;-)~"" ~ 0.);!~ dS ~l ~

J~)~ :'.r..~ ';"'):r--<' ~L)..o.c ~ S-: j>1)"".)-:.1 jl..u..;.~~ ~I~ gap lS.r-f ojl~1 'J lS~U; l5""")j4

S-...!. l~ I~i ojft" u~ ul~ d..9ft" ~ u.)) ~3) 4 3 o.)~ ~ 0\~ J~~ jI c:)~ IJ~ ~ ul~

).) I) k ~ 05 ~I c.:r..1~~ 01) s.... .~~.: J".i:-o ~4 ~)7' lr.1 ).) ~I ..b~l ~I ~ .:,}" ~~ ~ ~

u~~ ~ " ..:.........::.bI" oj ft" d.; I;-~ ~ 4.bJ r ~Lr J~ .)Y:ro -sl..2,~r' ) o~LA:....,1 4 ~ o,,).f ~ )~""

<L.;:_;l:;)~ ur 2 l; 0.5 ~.tS~ J~ t}.~ ~~ \)IA 6J.r.- <.S1...l....:> .;...~ )~Y' j,jSl oJ,J ~~;P- "';:;5'

.~~ o..lJjl..J jo.JIJ~..) C?'r ~~ J~ ~lb ~I ~ ,.::......,\

~uA!.~
~~ t$l~ ~ ~L., j .ti..a1.9~ ~ d~ SJ4;....1~1 , ,.l.j"J jI J...ob ~~ dLl r. ~ ..::..Sy;., ~

12pO l1 800 ~ ..Lil~ ~ ~~ uL j j1lr; )~~ t.S~.IY' ~ lSl)"! J~ 01~ Q..; .~L:. c.s'" .:......~ ~

<l.L..olS~I u, ~)~ ~;S)Lr.:..kQ..; ~1 ~ ~3)..)~..b\.Aj J~ as ~~.l~ ~)~ J, ~4 )3X. u.c.L.u

low ..•.: ... ).) ~ r dS .:......\ lSJ"b4. J!\j ~ d.::.S:.i c.:r..1.~l:-::-o J::.LA;)~ y> )lS' .:..c.L., 300 l; 200 Q..; ~L jI

...::......,1r.1r. 5.) .)5...l>- tension

C;OUBUSTOR
CASE

Igniter pll,.lginstallation on t:urbofan engine.
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Starting Clturbofan engine with a
pn.eumatic sforter

To provh.ie a good unJ~C)t.lnding of the start-
ing procedures emplo:ed ith a turbofan engine
on a modem airliner. e shall descnbe here the
recommended st.:lrting ('I!Xr3ti('Insfor the Pratt
& Whitne~ JT8D ~ngl:-:~IOH;.tlkdin the Boeing
7"17airliner.

The JT8D engine :s a twm-spool turbofan
engine. similar in man~. :-espects to the JT3D
described in a pr~'ious chapter. The principal
difference between the engines is the annular air
passage. which carries the forward fan discharge
air from the fan to the rear end of the engine
where it mixes with the hot primary gases in the
ed1aust duct. The engine delivers 14.000 Ib of
thrust at takeoff power.

The starting air duct system for the three en-
gines of the Bocing 727 airliner is shown sche-
maticaIJy in the diagram of Fig. IS -I. ThlS
s)'stem supplies low-pressure air to an)' engine
for starting. --

The three control switches for the starters are
located on the pilot's o\'erhead panel and a~
marked ESGU-;ESTART.The switches ha\'e three
positions: Off. fLIGHT.and GROl:-.>D.This means
that the~' ma:-' be used for starting either in
flight or on the:ground. Ekctric power for con-
twlling the st~rters is received from the 28-\\)h
d~ battery bus in the main load control panel.
Other 'controls used in conjunction with the
cranking-system controls are the air-condition-
ing control switches, located on the flight
engineer's. upper pane~ and the start levers on
the pilot's pedestal. .

A common method for starting the engine is
to utilize an external air source ~hich is'supplied
by a ground service unit connected to the ground
air-supply fitting of the airplane. An electrically
operated control valve pennits air to flow to the
pneumatic starter wh.en the valve is actuated to
the OPENposition by means of the starter switch.

When the left and right ai.r-conditioning-pack
shutoff valves are closed and the engine bleed
air shutolf valves are open, low-pressure air is
available.at the starter valve. To start the engine,
the start switch is held in the GROUNDSTART
position, thus supplying 28-volt d-c power
through the normally closed st3rter cutout switch
(in the starter) to open the starter pressure
regulating and sbutolJ nJTe.

Because the engine start switch is of the
momentary-contact type. care must be taken to
hold the switch in the GROU1'o'DSTARTposition
until the starter has reached cutout speed. This
is 30 to 35 per cent on the Nz (high-pressure
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compressor rotor speed) tachometer. If the
starter s 'tch is not held closed. a hot start may
r.esulL .

With the engine start s itch in the GROUND
STARTposition. the engine should accelerate:
and when the Nz tachometer indicates 12 to
14 per cent rpm. fuel and ignition are supplied by
advancing the start lever to the STARTdetenl
The starter will continue to assi~t the engll!t
rotation after light-up until the starter cutout
switch opens upon attaining the proper speed.
At cutout speed. electric power to the pressure
regulating and' shutolf valve will be interrupted
by the centrifugally opened starter cutout switch.
and the valve will clo..e, thus ending the starter
operation_

Engine light-up should occur within 20 sec
after advancing the start lever to the start detenl
After light-up the start lever is advanced to the
IDLEposition. the engine start switch is placed
in the FLIGHTposition to maintain ignition. and
the engine bleed air shutoff valves are closed.

Considerable care must be exercised in the
operation of the pneumatic starter. Hecause the
starter is not designed for continuous operation,
its duty cycle must not be exceeded. The normal
duty cycle is 30 sec on and I miit olf. If the
engine fails to start and accelerate normally. the
operation should be stopped and no further
attempt made to start until 15 <;ccafter the Nz
tachometer indicates that the engine has storrt."I.1
rotating.

Summoryof oIMroHItfIprocedure,

The first requirement for jet~ngine operation
is that the operator be familiar with the engine
and its operating instructions. A careful adher-
ence to the instructions .will result in long and
satisfactory service from the engine.

Overheating of the turbine or other parts of an
engine, either during starting or operation. will
usually require that the engine be completely
overhauled. Therefore. it is of the utmost impor-
tance that hot starts be avoided. Modc:rn fuel-
control units are designed to. preven.t hot starts:
however, the operator :may cause overheating
damage by improper use of the equipment.

Engine dUClsshould be careful1y inspected for
foreign objeCts or material before starting the en- -
gine. Also. the airplane must be located sn that
it \\-illnot pick up dirt. rags. rocks. or other mate-
rial. The area to the rear of the alrplane must
also be clear of anything which might be
damaged by the hot exhaust gases.
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Figu,..J5-' Stortin~air dud systemfor 80eing 727 airliner.
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A basic exhaust system.
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