2o lgd Camivo 35wl
AVIATION INDUSTRY COLLEGE




)' |

HIGH-PRESSURE
LOW-PRESSURE COMPRESSOR
COMBOSITE - COMPRESSCR |
FAN BLADES

LOW-PRESSURE
TURBINE
SPINNER

Wy

HIGH-PRESSURE
5 & TURBINE
-
\ sa0" .
R A
S—

COMBUSTOR

' GAS TURBINE ENGINES



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

Rolls-Royce RB211
Triple-Spool front Fan




PROPELLING
NOZZLE

AR = |
INTAKE 2 T — 11
I
| COMPRESSION— | COMBUSTION EXPANSION — —'—— EXHAUST
Deg <. Fi/fsec, Lb/O in.
3000 3000 IS0
2500 2500 125
2000 2000 100 / fhme teiperaturs
<@l . PRESSURE _~" P |
1500 1500 -
~ /
[oo0 o0 50 / - ,ﬂy
. VELOCITY / TeMPERATURE I | TSRS ——
500 500 25{=e - -
_—_-—-_-—'.""*-——-l
0 o 0 e

TWO-STAGE CENTRIFUGAL FLOW turbo-propelier engine

LOW PRESSURE
COMPRESSOR

TYPICAL SINGLE-SPOOL AXIAL FLOW
turbo-jet engine

HIGH PRESSURE
COMPRESSOR

TWIN-SPOOL AXIAL FLOW

turbo-propeiler engine
BY-PASS FLOW
LOW PRESSURE HIGH PRESSURE By-pass air mixing with
COMPRESSOR COMPRESSOR the exhaust gas stream

HIGH PRESSURE
COMPRESSOR

1 P L L
TWIN-SPOOL AXIAL FLOW BY-PASS(low by-pass ratio)

turbo-jet engine

LOW PRESSURE
_—l_==1 COMPRESSOR
M INTERMEDIATE
mssung "
] - COMPRESS

TBIPLE-SPOOL AXIAL FLOW FRONT FAN (high by- pass ratao)

turbo-jet engine

FAN INLET

AFT FAN
turbo-jet engine



79 rocket engine ;5 pulsejet . ramjet sl ,5550 92 p2 bl 0035 )T Slakad 43 a5 W5 18 g9
252 9) ee 3l g 009 GmyeS (92 e 03,5 Slakad (hls )l LI g s Slanlsr o Lo oS i slagige
S sloygige calisue glgil b 45" coul turbine ojly oon oLl 5 g 4238 gas turbine engines il o LS
Sy5—s )5 aBgs 4y 45 sl oo 4>lge turboshaft , turbofan 4 turboprop , turbojet 9> & )5
sl JE by e st s S i S0 T b o e i i i, i i ]
Sgies 4235 ((aero thermodynamic duct ) athodyd i )ls |I5 o o £l slajl8 oL ,> b g 004 (duct)

Ram jet .1
4S5 0eds 5T 8s ramair b odly o8> o asly Sl cud S5 4 50 ' e Sl 8 ot jatan il
Cat yus 45 ol (65150 yo0 TAMjEL 0 )5 00K ramjet ol 4y Lbls fen a4 g Sl jou eS 236
sl 0515 9z (Jy sl g Gl Sl (Sleaaslo (Solo 5 05 539 4 dzgi b g 9l 39290 0L 4yl
d...Jd...:-ﬁL__iu’_ls C.‘_..:YL_»QTSfC)leCJ)L:Ld.QSQT g g‘gra..a ‘))'—’-:“'JLS“:“:")P" tJ-I J:.-L} J° (gwgmno
D9 ymn jlods ds S oayl 5 cawlin jaige e 6ligS (sloo )5 )0 5 Maintenance 4 Jl;,l ( S o Solos

Pulsejet .2
Wigd (g0 & 9 5k (Jlyd job 4 a5 00 (Slo azm ;0 glr 10 9z g Sl 0in 5 Slakad WBU 55 9350
o Lla SLadl ol o8 ploasily Hg xSan IS 55 95w Sl 0 49390 ol . 395 o0 saneli pulsejet
30,5 (g0l ; oolatul 5ige ol 5l 093 (sl Sige 0 pgo Sl S
. 3
1\ N 7Y 2‘

7
Sy

A garden water sprinkler rotated by
the reaction of the water jets.

A)

s

puasi S p
- = — —
= e
= T e ——
N o

LU

SHUTTER VALVE

— t engine
Z FUEL \ A jaciang
AIR INTAKE COMBUSTION CHAMBER

A pulse jet engine; (A) charging (shutter valve open)
(BYfuel burns and the engine accelerates (shutter valve closed)

static '

2-2




Rocket engines .3
o g OS] o 355 b le Siige 3l 0925 150 LA 3 (392 5 W)1s (295 905 LS y0 laygise g9 (0
w5 g Jos Jool b g o g )13 Ll 5l ol ey b e Bl g 3l 51 e g 4S5 5 alaize

Turbojet engines 4
55 ) w235 0,LaI D3 &5 g5k e 99,5 (o ST > en jl cx sl 550 3550 0 Lo Lol Eny
C.uo......_é).) )B—A-AJ‘r\A-QS _L;_:JL.:.O ‘.Bi)"'}! alap=o [_g\)L.\.AJ 9 L,J""‘E)s" 3)3.‘\.9).\..05 rDLl.i o..l.;.))f Silalad LS‘)!'J Lib;s.:s.o
03yl d Wileds 4 })_;i o515 oo b el g ounsS 5o 4 ) lam 093 i3 1> b g allls 1)8 19740 (sol>
Llasl 31 )0 a5 5jgmun g b g 4283 §l0o] aladme 5)lg jom meS 5l zg,5 51 s 00,88 glga . S
e s Ry g 9 e 151 5 00503 0,95 g2 (s b 993 o)y o 5 S 0l o s alol>
propelling  a psuse >5,5 slme 5 951 alg) &)k 515K (nl G Sgdins jgm jeS (232 el
003 pebls > Tam a5 (6 aka andl. w5ye] o a1, ChIUSE (69,0 g 453, oyg,m Latuie cuepw b noOZZIE

Al gellas 3> 55 j5ige plewil B0 pdy ©jge 265 SLIT Ll §g8 slo)lS ac g

— combust on chamber ) _ " Nt

ST oo d paaS col SAT 4 Y Ll o
= T

A= h;:::-ﬁ T s i ol plesily Ko &yl g 9550 <08 wsl i
i — ;;h 5o ol as e dls 90 I jlanls (g o9 aaly>
Rl = g el Jw ) Sl oyl po lidlh ST w8
aivintake  fuel burner roppeingrorde O e 40 ,0U5 b (e 5 3l alaios L 5ls
A whittle-type turbojet engine PHLE SO PENLIN FREELEPRE DIV G TRRVE N PV

s 0L ) e laysise 10 0515 o 5 0 and (ool Y58 SlaslT (gl e 3 8yt L oy el

el o515 o e Gl ) aalgs 515 om ul Sl aas slasldT tolas g jeeb b asT 5o g canl aid; 519

cogine Sfe pals 50 4 lower weight to thrust ratio _ dlol> culy 4 cad jgige oy ials

---------- 2m:bml:mstif:m = 200
. \ 0l
g ) \
2 pressure is
@ increased
& through U100 N
compressor 'S "‘N..,._.
'] M—]
050
""""""""" i 5 s
o 0 2 4 ] 8 o 12 W 16 I8

23

volume of air Araccivea ratin

>y 9o




ol 9w 9 BI— JSaw

gcompression ;intake a4 ;Lo 5009 5,LS IS il Ggtu o 1550 e jui S j9Tge
)3 5 o3g— (intermittent) xbhie Sy 5550 ,I5 S a5 gl pl L s lo exhaust 3 combustion
S y5ige e Oya8 ol o S Siig e g Sl (CONLINUOUS) divgy S 5590 S 4>

sl il lalyd o gt jsise 4 S
9o d Gl ol 65,50 5 Rl cl Sl s 9z Sz y5ige 50 Gl plin 4 0S4z g S
bl EbLad o Gl S gige 50 (plplh 3 pdy (o0 Doge JLAS Rl A 5 Cee s 8l 5 Ll

Spdy oo 50 brayton cycle

AIR INTAKE COMPRESSION COMBUSTION EXHAUST
FUEL Continuous Propulsive gases
2 : i N
i 5 \‘N"‘-h-.
B ! :
Q ' (== S ’
— MU UL = e —
R R ALLLL
: LA -

AIR/FUEL INTAKE COMPRESSION COMBUSTION EXHAUST
intermitzent Waste gases

A comparison between the working cycle of a piston engine and a turbo-jet engine

2-4




U i) 6§90 dawl—xe
Sy Ty s i o &) g sim 335 g 35 |y ) (595 g pa Jrol Lol g2 S gige oS oS
s F=ma SlSe pgs Jol 3l oS 0uils oo 5l 5 951 (o0 el 1) sl i Lo (sl 955 0l Joddl 56 5 205
o3 tg an pladl 5 ol 5 @ lg (o0 358 Boli> Sl eolizul b ol e m=% L W=mg ;s
Dgod il £93 90 paS ol
(F,) Net thrust (I
Lo,is 550 Ojle g g azils (V) Sy j5ig0 41 (5339 Slgp a5 355 o Dbl I 4 thrust so -l
Doganlss 5 JSS 93 4 ol Jge b Dy ool o Bl SS o 50 j5ige SuiS S5

F="aw v
g

a3l choke <> s jet nozzle a5 3,

= W, V, =V )y+4,(P,~P) : a3l choke Jl> s jet nozzle a5 3,
1

4
momentum thrust =—=(V, —~V,) o pressure thrust = A, (P, —F,)

jet o 75,5 slols e V (f1/560) 5,955 41 53959 Slgn 039 W, (Ibs/sec) 398 (sllga® )
Sl e s P (psi) o jet nozzle g lio mha v A (5399 $lep ey V, (fi/seC) 5 NOZZIE
a4 L_TJS -33—:'...._«_.0 a&s}Ji '5.0 4 u:n.fs-j..o )333..0 J}id )-) Los SLton | ).a.....o..-l.! u._g...‘;t:.....nl )L:.é P“(p‘SI) 3 jetpipe

33 K i B ro B g 59 5l s B la (i o

(Fp) Gross thrust 2

Do 23k 5% Sl 50 9ige &8ly )0 i 0oy yao (V) 59 4 (895,9 Slep Cas e &S il >

¥, -0y

n

i ' : .
Eo= g" Vit AP, ~F,)) : ol choke o> ;o jet nozzle a5 -3,

Sl aalbone iz lgp o> 50 (Jg Sl (65 ojlal LB ol&us Al test stand )5 thrust go )l

. 9gdes olaiul EPR oaios LS 5l g 0098 pdy oSGl

_ _ P
(Engine pressure ratio)EPR =—LL = ratio between jetpipe total pressure to intake total pressure
12 .

2-5

e Jgige



Thrust Horse Power

Oy 3>ly ;3 s plaul )5 power &SIl ,s cul (Ib) Wigy ol g g cow 9,5 thrust pslos a5 shailas
5 QW oolaul J'.’j J}n).é J'1 p...;L.L! 1) g9 LJ'll O d.t:l._'llJ p.;.h‘,?'u ;l JL:- e | )Liq g?....ul l.)i J..'?-15 g 0992

_ thrust(Ib) x V (mph)
375

L')Tll THP J_ZS...A ..'\_:.!3: C.q.....llﬁ 40001b OT )5:9.0 ) 0.39.3 jlsﬁ JL?- )‘3 750mph t:.u.l:r.a L! c.:rlL"'::!}j'“' ‘-Jm @

THP

1hp =3751b — mile/ hour

THp = 3000x750 _ 8000/p
375

D31 5905 1 P90 J—lge

Joaigl, F=mV, =V,) o1 (A5 Joayd a5 Conl p3Y 0diys gl (59,05 2 530 Jolse 390 50 Sy sl

DS owpn ) S5 Jaloe ol 32)b

(V,) Jet Nozzle velocity

488 s Tl 3 L_;..._I;,éi el (Glme 03 ) V) alidl sgtie 005 9o )3 5l 457 (5 pkailon

(7,) Inlet air velocity @
Syt ol ISy & 5 St o St Sl s SEMS il Vo Gyl Sl Sggpa a5 jglailan
A3l (V, = 0) 5w Jo 50 990 &5

Ram effect @3

Rl Sl 5 ey 3Bl 8] 5350 ar (53955 Sl9n £y S9b it Leagles Sy 4z a5 250 S
oals el V, 2ulidl Joess Gubo o 02039 M3 5,k 5l auSram effect |, Jole ol 45wl oo
ram coie ;56350 mph oYU sls Cae g 48 9 03,5 ablie ;K00S0 b Jale 90 ol oy 995 (g0 Consl 5
olis s 4 dilisee Sleli,| )3 1y Slusts ol W9y o8 pl,SLs . 43S o ol Iy ¥, siie 5L effect
RV PO

:rpm “

3 ol e pgas Gub g odgs s abal, cul Jg 4y paditee alail) je0 b cil g a8 cl mlg

2-6



§ 095 )ij_.u747 \.5.2.;:3.3 K9y P as JTID é._t_ \_ésj.x.o 1590 30 O)50 5O i) 359 L »._.‘....;1}3 C_ai).:.i_u L:-:...n! 39
e g5l o a p3Y L el gd (sla 4 Whe (g T mile e Led Sl |) s pratt&whitney
oo gl 29.92 Lidy 59° F glas e o ol Loyl i )3 gebas 4y Logsya ol (ol oS

Turbojet engine

s max. rated rpm
estimated

performance

U

100 poft

e

u-..._______-_‘__

20000ft —

D .
_ a0000% —

[ ———

Thrust ————=

Thrust

Airplane speed —~

pm ———

GTE thrust vs.rpm effect of airspeed and altitude on thrust.

JT9D -TAH

N, =7807 N, =5000
Max. rating :q N, =3600 Idle:q N, =960
F, =46750lb F, =2500/b

0/065 i.)s..\.’:- 5000 )Jl).: Idle Jj‘) ‘N2 u.dLm.ll » as .)3.....;.0 &J}Lﬁ |15-_'_)—_4_5 0/0100 |) )9;?" )3.) )_ﬂ..!._‘:- ;—1
ST o> %5 sga> e 2500 e ] (sodss thrust a Sl ;0 0920 7807 i pou S 590
rpm a4 coes thrust qos s 8 cad a4 Sl gsvu a5 90,50 35 46750 nu thrust

o anles b ST Jeud (o | Wl Galihds Suul

JT3D-17
N, =9655 N, =5000
Max. rating :< N, = 6185 A - Idle:< N, =1850
F, =19000/6 F =900/

Pressure ratio (5
o 485l el (o7l 0l sgs Qi 3,90 ;0 3 Ao o a5 o)ls thrust ,; ol cowc ).:31.7 5 iy
LB, sige )3 o &b Cydgame S y5ige pST G pd S y5ige )3 Sy aige IS 5 Vgl 4 oS

rpm c—'L—ISQJB—_l u...-_nlj f"‘ﬂ)'; hn.i).aa 6:3......_:.» st'j.a J}b).-?lod.‘:m i._..:tl Tl o.x....,)45:l )).adu‘_ngfa!

27

o L



Joad o o1 Ol 510,00 048 342 a Lol> %100 399> Yl slaye0 o design oS15 oo 9 ol

205 paly> o ploz 5 po

9 Jolge ,3b (6

Iy 2 53, 45 7 Jale j 9 0,1 Sl et 3T Ism )2 09e 0 Jgaj3 5l 45 (5 philen
P 4zt 40 gl ala il 355 3L Igm JLad 31 Dlee 5 138 walys | 31 led 505 Cenl 5 5y 00,138
azsl pals lgn atiils wlb tulidl len &l a0 31 Sl .« aglee (ial38l 55 il 5 g azil 2l58l
Sl 5 T 45T (lendls 3 (g 0B lgS Sl RS el g a8y 22l 2 i 0 5 (5 35)
- lates dulgi ol &) ol (65505 Consl 5 S 9700

' gl—as)l )86 (7

o5 HLid ez gLl (2l3l b s a2le air density ol ,ois als a3ly j0 sege Col 5 glis)) 50
525 Sy 4250 & 36000 590> 1 (492 (Jg siles (AL 55 Sl 3 g 4Bl S 55 atpndls 958 e
Gk s 44 36000 | ol 5 £alS g 03,5 (25 |, il 0lS 500 b 285 ol e S0l
Loys e 0l bl 53 747 (sloslsn 55, 2 JTID j535m Jlio (lyic 4 292e st ol S
215 105001b 93> 47 3 ool oy 40000 £1i5) ;5 sie (et -335n s S 5 485000 550
b oo palS Culd 4 S g B pas aS 1y col  Sge aldl 093 a5 L0l

"Cusby 8

5= T% 5 2als gl lake g oud axls Ll (goddyy 08 5l gn Cugby (Rl b (gt (slo)5ige 5
Shaddy g AL oy dius 55 Tich dclylgs Capboy Unjsige il 55 45 Cand ol Albcn ol Job5 - dpan
i (6399 5192 100% 3l Laygige cnl 15 (197 Sl iz S Slaygiae 10 (Jy waoue 2al5]) e

39 6,505 1ea 43 Caaloy Semre oyl iy A, o cooling G a4y 75% ad; g 4t 3l 2l 8,0 25%

RRYIRCIPIN FOF RVCUPR I PPUNE [k ERRWRRLE.! KE R[5 JER

© NETTHRUST - POUNDS —»-

altitude effect '
humidity 2

2-8



4 - . . -H
lé_’)l)’ uLa.uU (t...m
= =X e o i .
U5 5 Lol St (55,50t S Sl Sl g AR 53 T s oy Ml lail £ (ol &
Sl 423 505 5 o515 e ps & (Ko g Sl 35% 2505 i gl jgige )3 lenil) (pl S g ) S5

Sl 1 anls glos ol 53 (Js 4 selss i ()l plewdly wish ol Jale 9o (ol 4z g5 0, Gl

(thermal efficiency)TE = gas kindlic energy - le Bl Gy jui Jo Oliee 520 5y S
' fuel heat energy
" i) Ol (&

. .0 4 3 i . i
Dgds Uiy paF i 3K ju () pledily I LA pleadl) g6
work done on alc _ work done on alc _ 2V

a

energy imparted to airflow  gas kinetic energy V, +V;

(propulsive efficiency) PE =

ity osl 55 iyt 3 a2, Sl e GilS () gy glogl6 e ST a8 3ok
s> 4 400mPh sgu> lasle Cor sl sige o2l Hlesily ppas Gabo . 9B o i 1) C il oo ygige

A celie il 5l i (2 (sl e lalanglyn Sl ean 4 g ke RIS O 5l ey g 0oy S5
oy el Jade S ) e Gl sla St 3 A o sl gige 2 plead] 08 B0 S
i 5 0391 Sozpnygi 5| At DY-PASS 55 el S (ol sise e 4 3l 5 Se9r o0 e O 2 35 sl
sl ,gige 5l (Koo S595 e slalonlyn a5 cudl bl yon 4y g coul by-pass jet I i g5 el

ol Y085 sga>  S59i5 o 00 o, gige 2 leasly oS oolinl )85 )58

I 1 - l -
- -q?";: % ' (&7 v "‘Jl)(c
¢ APl .
g Yol LA 1 | a8 (psb s ovg Jd plonl) 50 51 Al o ol
o ' :
= \ e — : C,S Culi o
> /\
work done on alc
g .! OE =TE x PE = -
%- AW hgat energy of fuel
: :
'";."- i Y030 dgi> Lo 6“)535" (_S‘LS uLa..h‘)
o .
=%
engine efficiency '
wo 80 1000 thermal efficiency
airspeed(mph) internal efficiency °
: B . ropulsive efficiency *
Propulsive efficiencies and aircraft speed g cilernal cfﬁcicnc; 3
2-9

e Jgi 9o



C—=z sl gise glo—l

10,8 ool pj JBCil 4y gas turbine le,gise

Cuidign o8 9 (P992)95 « S ,LS S ool g o8 (S g8

Pl (1

Sl oyl LAl co dy s (6 iy L o5 o ey sl e paailss Sealinsg 5l 4o a5 jghailan

g el ools propjet L, turboprop 4. l; 555 sl lasde St j5ige aidyiog salanlsn )5 )

L it ©y08 5 550 5 o9 )le 5 S 039 S5l 1) S yeise s Sleogad oS 5 ol i u
Sols ot 4 g Gl L5 Sl (St 4 S S jige il Sl 00 )5 5.4 Ao 93 Sliogas

D5 (5o el (St s5ge b Ol 5 Sz slenlgr (ool sl jpie

INTEGRAL
V:ET DUCT

3 STAGE
AXIAL TURBINE

EXHAUST

2 STAGE CENTRIFUGAL

4 || BEG COMPRESSOR
' o

REDUCTION GEARS

PSS e (2

lal laily ol Sgage jolate 4 Cr (sld) 9590 (ST yow 45 MQ;CA.:.M‘)LA.E.A sty oleadly 0590 0

HP ol a5l 50 LP compressor slys 5l g lhbio pgas Gb as el olawe 4 byphss jet

Cas s 3 g El slaiE Ly jet pipe jo g 00,5 oy 090 j0 b 590 ulplf G,k ‘-,1_ 344 COMpressor

GialS g Jgsyddn azgi b 8sdiie 05 Gyl (o (795 S Sy 97 9 Sgtue bgle (29 >

Jobo 5 035 ySe 095 )08 oo Jyers i sloygige 5 B ygige cnl il (oo G5 (23, el P

bypass ratio =

i S 3 Ll
airflow thru the fan

primary airflow thru the basic engine

bypass jet '

2-10



High-pressure High-pressure
Fan COMpPressor turbine
High-pressure

Low-pressure Low-pressure
shaft turbine
Low-pressure Combustion MNMozzle
compressor chamber
D395 (3

SIS Gz ail JolSS @8ly jo a5 Wlows S alb dimo o (g5 glsil cr sl ygige (LolSS ey
w1y 4 bypass ratio l)ls 00,5 ;05 LS| lgn 5l o min Sl 4 jlaie a5 Sglis (pl L aiien
P&W 550 ;5 Mo 09400 U high bypass ratio engines Ll 4 ,bls oes 4 5 wten gy
i il A U8 atas 55 il 55 ki B S0 i il il it S5 TAT &gy 25 JTOD
750 0y & Sl Sz gsi slaygise I eS Ll sfe Sg (Laogs o baysige (al slae 05 o Jol>
Dgdos odyd pyal 12 45 pslailes g attes jladle Co g LAlB Ca o sn Ol &y )0 GBsns sl ysise
Rolls- 5 GE9O (5> wo ,5550 &5 o) sledoe 0,31 )0 el als e (slaygiga ;00 5l jin T PE
9:1 550> bypass o 1o ail suls a3LLTTT Kidg 9> o0 90 ans slaleslya sl a5 Royce Trent

High-pressure High-pressure
Fan campressar turbine

High-pressure

Low-pressure
shaft |

Low-pressure Combustion Low-pressure Nozzle
COMPressor chamber turbine

2] S gige




iy )95 (4

3 i plicin, g8 cla stage slows g0 2,0 Sy W5l Olpgyei 4 g0k cald chdy, g sla,gise

o=l Slrey - wle ghrial (2,5 ce e a5 1) 551 ST 0 b el el c slasise

slailf lhvwgias 015 10 5 5le bwg coily 0o, 90 N85 5 wiSws o 25,2 0 ) (555

ool gl (65,0 Cidan g j9590 40 J9 Sl pywse residual thrust 4 a5 sgis 1li 59557

g5 ol o3l o Lycoming SLoaS agdee .. g Sl ily e (ails 2 B po (25,5 slasls

Sges 0,L) late Sards 15 oslazul 5,50 T-55 5 T-53 & ] &V game jly ol HKap sl ;9540
Sl o Caond 5l (LS job 4 o 9350 o 20,5 4 la>Me a5 53kl oa @ Conclusion<<<
o> Lagls IS gl g lg ey oul LS5 jet pipe , turbine combustion chamber, compressor
S sl e 395 4 D)l g ,LES ey (S (So5e8 Jelge 55 (St S ygige JBI ) eee
25 aind O)5a 1088 1 eS i Slewdl) 0 e b DS ol a5 w3l sl 9T 4 b e jsige (S0
Lot e sl sy LS Sl 53 3T sl ealisls Bt s, s Bl ol s o jasalioiss asnas
S oo ool 1,515 algl 5l 08 051 ey Sl 25V LS 2 g |Sen )l oS 0l 1) s w3l p3Y
el 3ol ‘Q&a Ogole b,z 0596 ;0 SIS (plg
oy Vgane 5308 BB oigel ciie S 45 08 ibagge A0 AN & &5 850505 (b ine oiiny 55 ¢ HINLZS
Prre S yige S 40 A a5l e 5 059 Jgeme 51 350 o] slo axg a5 cul free turbine < S
Sy |y 0y slgm g axBls LB s090 (g5m 50 SN0 b 9 03,5 5 S SIS Sl g 039 (29,5 £l slajlS
Sy Slgr 2 me )3 505 v g E Sl L pme 40 s Ak I (oe oz - walee ] ) 08 (AES g saiy

.bj.u.! L.SN JL..Q.:...JI Lﬂ:)sﬁ‘}o LJJ')1 )§.|.J ojs).o! 3)"'—’-')-1 J.._!_LAJ fail C-u.u‘ u.in.a 3 0.33.‘1 L.F.;J'F d.l.n_‘l S d.n_...; i\;w)l

FAN
DISCHARGE

——

XL LT 1T

The aft fan gas turbine engine.

(SFC) " 5359 Cusguw U3 juao
Aar slejsige b o .coul celu jothrust Ky » o5l 4 (Ib) 3ras cogu laie ofly ol 5l jshaie

5 2 .1
subsonic flow
specific fuel consumption ~

2«12




9 w0 pssS

Cams 43 (635 (Slga LB Sl T dilsg a8 5 )18 Cor 5390 (Solar Ceomd )0 jguyeaS paayo 45 pshailen

D 0gdue il (axial) (g 9" o (centrifugal) "5, 51 5 5" g5 g0 4

)S)JJIH)S),_N);QS(H_dl
il g 00m wlpgrye egatn ©a8 oS (Slagige 4 Sgazme g AL Slasz solitul 5,90 039l W jgus paS £ (0l

g oo S5 Lol Coond 4

JUIS 94358 13 o 3ab oy (solans o] (59 10 &5 Canl (Saand & 90 4 askad ool : Impeller a
3)lg lop ygsyaS i3> olin 4 iz s¥ RGV=rotating guide vanes Ll 4; 5 054; 1,515 il
500, &S5 > impeller L5 Cuon 4y (2lad & j90 4 5550 5 52,5 69508 Sl 0 g axaT ooy (s
o lpe b oo GRali 8l )l oo g (fie w0 @2 g 48l il j5m 008 b Slis3 3l 92
Dy (Jo g H9lE b Ll o 5 el 1315 JUK a5 050 diffuser s )|y impeller ;| 5,5
air U elbow 1L as JSCo Seily sl oo @a,b 5l o 51 s 9 St oo Gtal3dl (o)lasd o rals
JerSole jolaie o ygise 5l (can )0 sdne Jatie Gl 2ol glaaliize 4y 0295 outlet casing
<l shroud (sl,ls impeller . ),;.,, oS Hledsily Cdl g jolome SLJUS s Lo oy Sg 5l len )8
995 Cly 25 JIS &y ool Kon 35 50 31 525 e e

; : Single stage single entry -|

Double stage single entry -2

Single stage double entry -3

dods | (6 pSolx g yminy plSovnl LI 4 o slodis i Jg Sl poataeagd] 5WIT 5l impeller dxio >
s forged & 50 45 5LIT 90,0 axdl g ol Y8 5LIT 5l col S

2-13

e Jgige



o5 sl )3 FOD Sl 5 00g; (Sturdy) pSme g plgo b 525 5 Sl ol o)Livcs g5 5 Sl aygs oS 655
o S9aS oS 4y dgidia 0l (sluy Cacl a5 cuul 0L sl fromtal area g o5 lieSls coyo Jg ool
Lo 5 StAgE 5 10 90 a8 0l 515 0 k5l oy aedally LT ST 5 0092 o5 1550 (il 0,05 (515
Lo ygge 0 Lo 0, IS sgtes StAgE 90 5| 2t lgp Syid Cugzr i 51 Jools il cle 4 9 009 S:1
stage g0 ;0 5 10:1 4y stage S ;0 (o515 (0 95 (5591 03 5l oolie] L PWC-120 (51 (95 o8 )0

g5 oo 3 radial outflow compressor go ool 4; .coul 255 Ji8 o3, a5 azdl 21330 15:1 o

single stage

single entry

MO F
AN
! % L% o

IMPELLER DIFFUSER COMPRESSOR
Airflow at entry to diffuser. MANIFOLD

2=14



P (§) 90 ),_m)..aS (o

axial flow 45 coul b3 (yops 5 00g AXIS Oljlge 4 g oS Loy S lga b,z 1B jges yoaS £ 0! 10
E95 o=l 5l e Lo ygige dAen JblS fred 4 g 00 1B E95 4y S odae sbilje (glyls g digdie ool
DS eolil jgas pead

LI a_,.,.. s, S5 g oS Ard o, G dcgesne g osd oSl stator rotor slaceend ;| jouwpad !
ay S LT olaas a5 asily JS25 oot slo SEAGE I (5 y5m a8 iz 45 ool gdly g 295 stage |
oot hSis  Saelindg Sl alaie ghaw b ais (gobj slaas jl stator 4 rotor cas, ,» axdl g o)l o515 oy
5| oan o ansSes inlet guide vanes Ll 4 a5 o)lo )18 coli gbbais sy S jgm peS (slazl o
Iy Wigtoro ucly L3 00903 J)28 1) ym a8 41 (5395 (Slgo e Vgl amsts o Wikt jita i cnl loy5is
s ypaS (Sailely 3 LB asily 35s y9550 LS 5 09503 3,95 0 y9in; iz el 4 ccamlio o sl
WS 6 5ol

g o0t JiSE g, i ) 45 2ss® sabay sypead 5 pmia rasd & 05 455 a5y pplaiten: § ROLOr™

ol 095 9 30,5 hats ;g yeS Snd qcﬁilruyi'wdo.\a_a)fdﬁsblade wolass 5l s, 2

STATOR ROTOR
VANE BLADE

INLET
o]
% .
m
X
X
1%

VIVINVIN

o] 14

(ro g 5 0091 | Sl jglome aiT 99 (m JUI 130,50 Joia jgms eeS il & spline ey & e S
g ol twisted flo das oslare 45 jshilen dgiue 03938 5)Ld 08 g oy 08 1S5 yaans ol 51 5900
),_Ie.;aa_gJ_a.cL—,_ltjL_QIHHJ,_NFJ‘suug)ag_uiuﬁjjl,:ﬂf‘syﬁblade angle
jIblade angle osly Jope 4 sy 55 Laiia ol 0a plosi aiss oo 9 Igp St (53l
blade oio ably ;8 45 5lurie y5550 y7e by did g 45 Cumldugl; 4 D9t oolitul stagger angle
oy iy oo il 38l ans J,.; Ceows 43 Stagger angle a5 o5 5 s Ceod 4 9 Col angle
Lo 453 iz S9d (65 el did Ay jo i 35 503 1B Wl (B (oS Suss 4y JUail Joa 0 loaics
Pl s

e ygige



S e glaci) )0 g poailis SLIT 5l Wlstee dawg Glaciys, 5 g parieall SLIT sl (glaciss) )0 jpmpaS

Al oY g8 LT 51 sl e ooy] HLad Cod § 15390 £98 4 Az gi b 35,5 0 1,3 DS 5 00,23 glea 5 yme 4o

solid root .
{with retaining -
pin and locking rings

1 dovetail root
{with locking blade
and screw)

Methods of securing blades to rotor.

A SetS o dg 45 500 1,3 SEALOT pliy Sul sloais s, Sy iy, s, o 5l am : Stator
SR s 92 (o Ig g Cansl |55 Ll ey JUIST 9 il (Soalipog 5T IS5 5wz Juate €S 500 S
a5 Cel (53,5 03y BB das 93 D jge0 4y jgem ypaS Ay by oo GRIP 2)L23 (I 598 Gl 5 00t o5
shroud l)ls gl Lo, ;0 prgaso g oo cuas bl (59, » Jlse Sk, )90 4 Cil sloais
Ot Lp 5390 10 sl H955) Sleag aline 5 lakg cpl etz 09l (5 Tl bass 55, 510 ws

Aoy S |y yoige ST U ot it laass ol 5l cays ) i

VANE SHANK

VARIABLE
ANGLE
VANE
! COMPRESSOR STATOR
) VANES. MAY BE
VANE TIF : STATIONMARY OR
: VARIABLE

INLET GUIDE
VANES

A il b ealh s SENGE 1 g ooy T a it a0 aeppons B 45 sylilas tBtage ™
9 elS e, Stator 2® (9 00 olyj 5)Lad op g S p o8 539 5|y (e 1B St e S5 Smie
Lol at gy 5)ed Lal el Ly 5 19m o pos jms oS jommn Jobo 5 ol s Ao Rl oo 5l (8)les
s o5 Stage ;o 5 Iy s b auly il Jaie Sl 5,u8sle 5 plize lo Gy cpemis yolite 4 ptne
L Waie azsl stage ol olasi 5l g S o, ol 5l el 1201 g L1201 a5 00,020 JI10 550>

2716



Oyt cde a5 098 min Wilgs cod g9 5l s stage oo Jl> 0 4 Ll oa)S’ Jol> i 5,90 o515 o5
4 g0 pds Oygo (Sailely el Son g 0595 Jloyl adubsg ploul 4y 018 Cie glaciys, lga dxuils 9 ,Lad wus
4 S Wgiuo azsLu (triple spool) s 55w 4w > 5 (tWID SPOO]) (5,90 50 W jgus oS a5 sl Jdo o
el (Failaly 5| 6555l 5 55590 sy Bllasil 5 Gleily Aali8l glogy) 51 (S 5 SeSo

A o ol A i Saliag 51 5l eolawl Ly RR. Trent ;o> oo dsa> s sl gige yo : Hint &%
Sk il s &S Coal & 38 Eod A551 03558 0 o515 s ds jedne cpl g adili 201531 1.35:1

iy Gleasly Sgrge 9 o aaad alS el boygige ol 911 J35 LS o o Cunl 0ud s sfe alS co o

Wi

A)single-spool compressor

C)triple-spool compressor D)twin-spool compressor(geared-fan)
stage — 1 14.7x1.2 =17.64 psi oo ghls glad> 0 13 j5yas S - U
stage — 2 17.64 x1.2=21.17 psi Slod L2581 059 al>ye o Jo> 1.2 o515
stage — 3 21.17 x1.2 =25.40 psi 515 s g Sl Lid sl 14.7 Psi g5
stage — 4 25.40 x1.2 =30.48 psi ot (M )
stage — 5 30.48 x 1.2 = 36.57 psi e I
stage —10 75.85x1.2=91.02psi  Js'stage Jo> ,Lod ol dlas o dlazy
stage —11 91.02x1.2=109.22psi ,_, , s]stage ‘_],_._.'; 9 17.6-14.7=2.9psi
stage — 12 109.22 x1.2=131 .07PSI Sl Pty ol 157-3'131-].:26-2]351
stage —13 131.07 x1.2 =157.28 psi

Aad bl lke codl 1281 g0 30 oSN o

A=S5 oyl g 009 diws ilpes 51 Stage
compressio n ratio =157-2%4 ,=10.7:1 2 9 BRg il A B Js>
' An3 o oLt 1) SHGss Ao Cmo

2-17

e i g0



Advantages and disadvantages of axial flow compressor :

A) There are several advantages of the axial flow compressor. They are :
I high peak efficiency (i.e. cdmpressor pressure ratio),ci'eated 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 :
| difficulty and high cost of manufacture ;
2.relatively high weight ;
3.high starting power requirements ;
4.low pressure rise per stage (approximately |.3:1 maximum)

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

Advantages/ disadvantages of centrifugal flow compressor :

A) The advantages of the centrifugal compressor are as follows :
I high pressure rise per stage : up to 10:1 and 15:1 in a dual stage ;
2.good efficiency (compression) over a wide rotational speed range, idle to full power
(approximately 13 méch .tip speed) ;
3.simplicity of manufacture and low cost, compared to the axial flow compressor ;
4.low weight
5.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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Annular type

5y 55 6o g inner plu Jsls j3 S air casing sac g3 ghls 5 039 42,15 flame tube g5 (ol 0
i zlasl g a il ja59e J3I j0 0ud b slab axg gz 1 )b ;;ai 23l outer air casing U <,
g Sl g b (Jo 0yls gy leail, .):;oS)L.i.é cdl cle a5 g oogy oS ol 039 o Oylo Lo J8las
1 63l oley 4 gl ol oo, 0ol M 515 g i USte Jo3 glgil &) o )] maintenance

COMBUSTION DUALTYPE

LINER BASKET
COMPRESSOR - 3
- =

DISCHARGE
AlR

b

COOLING

AIR

FUEL NOZZLES
Annular type combuster ; (SEVERAL LOCATIONS)

Reverse flow combustion chamber (annular)

=

2

3,y lal 51 Lesl jo lga )l 2 1) wiegusse through flow 4y ol ools Ll 0 YL ) a5 3l glaalaios

50508 g oo o)y Lyl 51198 5 pgad 3ok TEVErse flow a4 powse £95 10 Jg S9due 7,1 Ll 5 55 5 00

alaizne ;5 50 45 g A S oS a2 )3 180 5l g g 4225 )5 lanl 5l g 03,5 S5 gige Sy SO

O o5 zrge 5 g 0d)F czga l) 039 GRS g s5ise SaS Job w5 5 nl aleias 993 52 0l 18 Gl

Bl g il Jols pleaily il cute 4555 98 ol 08 K Gl ol albiome a4y 03)lg jgupeS g5 (Slop

3 T-55 O R (§0d2ia Lgl.na”.‘i}n B v.S:..S.‘; Q.:l 5] ool annular 4 liase, ';,.3‘! &5.: d.ﬂLo....a QI}.::._» 14, Ln:jlf

5580 Cml sl 00y ol iy g0 iy 5o 11 yyg.a5 45 PWC-120 (g, ;.5 3 PT-6 g Lycoming T-53

.~ triple - spool

Triple-spool gas turbine engine. TWO-BTAGE
/_\1 FREE TURBINE
Hy

& Rl
. N,y N': N2 Ny J
DRIVE ______,__.»-"'-‘__"" COMPRESSOHNS TURBINES

SHAFT H___..——- j~*—— EXHAUST
Hy L}

PW-120 turboprop

229

A i ge



'l S g
5 Sl dul i plos o atomized o )50 4y |) CS g g axils I, Sflame tube |3l o Slalas ool
94239 JalS j5b g @y cS e b asilos flame tube J5hs 4 sne aygl; cov 5 ans glaceasy
P oyls )l,8 eolizul 8,90 Cr sla 9550 o DUIDEr £45 50 IS job 4 .aiSS 0090 wgs
Simplex Burner -1
cwlie AL g g9 ol Badre 00dl e ol 5l S g dlian g 009 OTifice G (ol )l dadd £o5 ol
4 o eilin 0b5 S gar B paan b Dj03 5y slaygige (Sl (Jy wblas o5 CS g Bras b 0508 05 la 5

fuel ol (3l il dladons 4y (pare g Zretne dgl) Cov S g ez bl 0gou e

l 51 @ lods burner Gl bl 10 0090 od asox I (65 sl bl 5 05is
b oo by nozzle »._"!l)]al sl #9351 @3l mo aladoes a3 (699,9 slan

W

_ =

Duplex Burner -2

38 5o 55 pellaoce orifice g5 (slls 45 spi e colinul 45 ol 5l 0by S s b,z b Oj03, b ygige o
30 5039 2S>5S A3 (gl,me .ailoe Secondary orifice oLy 1 490 (5,50 g primary orifice oL L,
=39 Lol ailoe Lls 055 4 1) g (0,5 atomize coblB g [LiE 09 b 9 05 590 ool Sl
S o Cigu jL2E S| o pressurizing valve wgioe i goo 5l Cigas LES g a8 ooy 15 azus

primary ,® Ss 3L |, secondary orifice B,b 4 c3gs (gl e g 05,5
main fuel

l ' 99 (2954 9 oLy Orifice oo o 5l g Sl cpl o A
I ‘ obz 51 6,lEe 365 895 tl 5 Setas Sl  gisllan (3l 2o g 4228

s e alad o (6,5 5l 0090 byl 5l 5 00,5 ,5.c mOZZIE GI,L 5 1g2
FILTER CHAMBER
FUEL
INLET
' FLOW DIVIDER
VALVE
\-a&ouunue FLANGE
PRIMARY SECONDARY FLOW TUBE

COOLING AIR NOZZLE

PRIMARY AND SECONDARY " DUAL DISCHARGE ORIFICE
(COBINED)
duplex nozzle spray pattern. duplex fuel nozzle.

1
fuel nozzle or burner

2-30




This design provides good Atomization in the low fuel range, a wide fuel range and a uniform

spray over the entire range.
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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 *
combustion effieciency *
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Turbine blade creep
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- Radial Inflow Turbine
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2-39

o o



> se—2 )93 g0 £l

1} Ler‘i as I.:-n.--ll L'J'-'J P AT LJ.J:Ié OJ )‘3 .‘g.g-]nuh:a LZ..:J L&.;] CJL:.aaya.t;- 9 t:.uJ‘- LSL“‘)SJ}“ &!3.\1 L_u ‘_J..j LgLﬁu.u)Q tSb JQ

prled AS (late O g0 4

g8 sasgise (1
aS j3b len g ool jet nozzle s Lo ce s obsjl amess cunl 5 (59,5 100% Lm”:,; g9 opl yo
J3myeaS shyls &5 2> slb, 955 aiun axial flow L g centrifugal flow g4 J-I' 90008 (gl,l> a0

D0, R Cdl o elyl 4wz centrifugal
single stage — single entry i
single stage — double entry i

double stage —single entry i

128,80 Zl 5 elgil 4 aizin axial flow oS gl)ls a5 2> sla,gise

single spool (single shaft) i

twin spool (double shaft) i

twin spool (by- pass type) iii

_ triple spool .iv
3 95 90 51 jaT9e g9 opl (Slao AT puilius g palead LT by-pass ail.s Glivxe b J3 slaco o
S 4 e 5330 95 0l 339 6 el 25 0T (2 SIS et 5 Ol s g Sl 2
SN STC s 43l S5 308 o T lS Loy g o1, ledily B 0391 ;208 395 )03 on tWiD-sPoO] ;5550
' FCWNESCHETY O

[T g 1 <l3l twin-spool 550 G Jg 0L twin-spool ab laz> by-pass )93« - Hint

50 by-pass type

turbojet engines '
propulsive and overall efficiency *

2-40




impatliat

Rolls-Royce
Turbojet Engine

Nene Mkl

single stage-double entry
centrifugal compressor

Plrss sBosise -2
10 5 5o bawogi s Cae pus S5l aoe Cansl 5 90% o jgig0 () 5o ol 00y 5 o i W3 &S sl
15530 E95 onl oidly Gleadly el pyage residual thrust 4 a5 ssie Jol> 55551 slajls 5l ai o)
low & Pla ol 4 slaloslss ;5 5035 Lo jsige pluw 5l s 400 mph sg0> b) o5 slace w0

a5 ol axial U 5 centrifugal g4 5 Wlgie ;e ,maS 5 b ygige £55 (pl 15 3 18 5,15 medium speed

EXHAUST OUTLET COMPRESSOR

AIR INLET
REDUCTION GEARBOX
= L I)'v

PROPELLER DRIVE SHAFT

FREE (POWER) TURBINE

COMPRESSOR TURBINE

2-41 ez )ise




s pj SO aaxial gy 5l e ghpe DpuB g ()00 slaygige )
S > 0 S i a e S dawgi zle g gm0 a5 C single spool i
il See |y HP j5us oS HP ()95 5 003 )2 LP (4,55 Lawgi LP 5005 5 &lo © twin spool i
D)1 il G y98 355 (Sl g 0998 e jgu peaS & ilo 45 Ulpg g5 2 ¢ free turbine ii

s Gl )0 Slpgne Glaygise (B S le g,

P95 Sl—2 5390 -3
sbasgise 5ol (2l ol 5 cnl 5l widlos (Al cr 5 Jlastde o o 52 Oloe @8l 55 B350 ol
oy 3l SB35 o390 £95 (nl 5o IS (995 0 Shes o0 o L slacie s )3 g 009 i Cog g
ol iio bypass ratio ax s 5 05 Ko el 595571 slasl5 bawgs ;500  Send 5 o3 dawgs Conl 5
o2 02 LIS GEO 5 CF6 5 JTID (52 po (559, S5 5 o yhe D395 519590 Canl jis (8
LQ_J 4 g, LJ_")1 9 dguio _\_:.Ig.'f uB .L‘z.‘.uss “:"‘“"!)J P g 0390 Yo g 5:1 Sgi> L@‘JT bypass S 100
150,50 b JBN 4 s 5350 £95 ) Al s high bypass ratio
LP (ys)95 Jausgi 528 0 LP j5 0,005 5 0 JTID 3 CF6 5> oo g4 ol ,o ¢ twin-spool i
LP )5 0,08 bl sgiis iU gl 4y o8 G a5 9540 £45 op) ,o @ twin-spool geared fan i
S Joo @l rpm Lk 5l 08 oS 5 oy gdus ,l,8  Teduction gear < i b 5l 5 L
el Jlo)P)g
oy, Trent g RB-211 sla 5550 (50 o] (lp Ag0i (g0 &5 45 00l ,o : triple-spool iii
O3 )59 £ =l 50 0,08 LP j5u oS L (ST anl g azshs ailflas )95 995 6lp o8 s
P30 y3— a5 3 od el intermediate pressure slss 4 IP 1) Jol ;50,08 cassls LP &
Sgdua odyali HP olon

Low Pressure
compressor(N1)

Twin spool
shaft to turn the fan
and the compressor

A modern jet engine used to power Boeing 777 aircraft. This is a Pratt & Whitney PW4084
turbofan which 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 weight of about 15,000 pounds (6804) |
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Triple-spool gas turbine engine.
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Turbopropellers

g fie 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 a/c.

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 a/c. 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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maintain a 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 thrust.

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 a/c after landing.

A characteristic of the turboprop is that changes in power are n_c;t 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 maintaining constant engine rpm.

The NTS (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 negati-ve 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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