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SECTION >
BIGINE LIR SYSTIS
INTROMUCTION

The engine air system fulfils the followin; ~urposesi=

Pressurisation fo constant spced unit oil tanl: and bulkhcad scals.
Prossurisation of fuel tanks end fuel rocusarators
Hot air supply to aircraft scrvices
Engine cooling system
Inducer cooling air to tho altermator, constont spocd unit oil cooler and zono 2D
Enginc breathing system
e Engine bay ventilation
m mti-iﬁiﬁg-

1. Eressurisation of Constent Spoed Unit 0il %“on) and Bulkhoad Seals
M 301
L.P. compressor delivery cir onters an cporture in the front face of the

intermediate casing diaphragm and flows throuth No., 1 vene to on air supply
connection which locates two externsl pipes,

One pipe supplies air to pressurise tho constant speed drive unit oil
tank, the air entering the tenk through o banjo union on the valve housing.
The other pipe supplics air to o commoction on the bottom of the L.P. comprossor
casing from which it is piped to the front and rcer bulkhend seals,

M 202
L.P. compressor delivery air enters on aperture in the front foco of the
intermediate casing disphragm and flows throuzh lio, 1 Vene to tho banjo of the
/...nir supply connection. Jdir is utilised froo tlis banjo union to pressurise the
front end rcer bulkhead scals; it is piped to the goel inlet wolve at the base
of eoch scol. The C.S.0.U. oil tank is proscuciscd by air tapped from the fucl
hoater pipe.

2. Prgssurisgtion of Fucl Taonks ond Fucl locu crctors

H.P. comprossor delivery sir entors tha cuercurcs in the delivery caeing
diephrogm and flows through No. 3 vane into the inducer elbow of the alternator,
and constont speod drive unit cooling ducts. ‘hc fuel tan:s ond recuperators
are pressurised from a tapping on the inducor olbow.

/3. Hot
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3. Hot Jiir Su to dirc t 3 ces

H.P. comprossor dolivoery air pessce through eperturcs in the delivery
casing diaphragn, into No. 2 vene and then into tho duct clbow from which it
is ducted forward through o non-roturn valva to the hot air valve fitted on
the starboard side of the intoke casing. .hon the valve is open it allows
hot air to flow to the aircraft for the follovin; services:-

Cabin pressurising and air conditioning
Wing and fin anti-icing
Bonb bay heating

Porticns of this ducting are also used for conveying air to the ongine starter
unit.,

Eng Cooling Systen
4. (1) Turbine disce

The front and rcar feces of the 1at stoso turbine disc and the front
fece of tho 2nd stege turbine dise arc coolcd by H.P. delivery air. The
oir enters operturcs in tho seal housing support of the delivery casing
end flows through thres turbine eir fead cipes to the bearing diaphragn;
it is then piped through the turbine boaring support drum to ’
through threc aperturcs, on the front facs of the 1st stoge turbine disc.

The outor portion of the 1et stoge turbine dise rear face is coolad
by air from the annulus in front of tho disc, flowing through ports in
the disce into the chambor enclosed by thc dise rear face and the intor-
stage diaphragm. This oir flows outwards across the dise face and
exhsusts into the turbine.

To cool the innor r-riion of tho 18t stege turbine dise rcor face
end the 2nd stage turbine disc front face, air pesses through ports in the
18t stage turbine shoft hub ond into the sjpce betwoen the turbine shafts
to pass into the annular chambor botweon the faces of the turbine discs.
The air flowe outuards ancross the 2nd stage disc front face and exhousts
into the turbincs,

The supply of sir usod to pressurisc the 2nd stage turbine roar
boaring scel is also uscd to cool the roor foee of the 2nd stage turbino
disc and the front face of the bearing housin;, The air flows throush
tho bearing housing ond tho whoel hub air cover en to the rear of the 2nd
stege turbine rotor disc and oxhousts inte the jet steom immodiately after
the 2nd stoge turbine, 4 smnller supply of eir from the samo source is
directed betwoen the rear foece of the bearing housing and tho diaphragn
cone, passcs through ports in the rear frce of the diephrogn cone into the
vanes of the cxhoust annulus and is then cxhousted through holes in tho
trailing edge of the vanes into the Jot strcan.

/(11)
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(11)  Combustion chombors, casings and turbing cosings

Conpressor delivery cir flowing through the snnulus of the
combustion systom cools the skins of tho combustion chambers ond casings,
flows rearwards through ports in the turbinc ocsing ond exhousts into the
Jot stroen at the rear of the 2nd stage turbine whool.

5« Prossurisation of Bearinz Sopls

To minimisc the loss of oil from the main bearings the scels are
prossurised; L.P. compresser delivery cir tanjcd fron the intermediate cosing
is utiliscd to prossurisc thesc scols, with the cicoption of tho No 8 bearing
scal which is supplicd from the Ird stage of the H.P. conpresser.

6. Inducor Cooling

R.P. Compresscr delivery eir cnters aperiurcs in the delivery casing
diaphragn and pesscs through No 3 vanc and the inducer clbow to the inducer
control velve. ihen oponed, the volve couscs jobs of high pressurc air to
flow in the outlet ducting of the altemator ond C.S.D.U. o0il cooler and Zono
2B cooling outlet to induce a flow of cooling air during ground running or
taxying.

The valve is conirclled from the sireraft under carriage circuit; 1i,e.

U/C Up - valve CLOSZD

U/C Down - valve OPY

7. Breqthing Syst
M 301

/-\ ) Pressuriscd oil and air mixture fronm tho engine oil tank is vented to No 7
vane of the intermodiate casing. At the outer cnd of the vone is the tank
pressurising valve; when the pressurc in the tank cxeceeds 2 p.8.i. tha valve
opens ond allows the mixturc to flow through the vane to the gear chanmber.

The air is thon vented to atmosphore via the nain engine breather outlet.
The mixturc of oil and sir from the intermelicio casing gear chomber, dolivery
casing coupling chenber, comprossers snd intorsiv it beerings, flows through
port into the hollow L.P. compresser shaft and pesces to the front of the ongine
inte the oil seperator, it thon flows throuzh los. 1 end 12 venes of the intalke
casing ond is ducted reorwards to be discharted to atnosphere throuch the main
engine breather outlct ot the propelling nozsle. The oil and eir mixture frop
the 2nd stago turbine bearing prsses into the hollow 2nd stage turbine shaft and
flows forward to the ond of the shaft in tho delivery cosing where it is ducted
via the coupling to the intershaft beoring and throush the L.P. conpresscer shaft
to be ventod to ctmosphore with the other mixturcs.

[hir
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idr fron the scals of the 1st stage turbine boaring, the 2nd stage
turbine air secl end the 1st stage turbine shaft coupling seal discharges
into the turbino beering support drun; the air then posses through the
apertures of the delivery casing diaphragn to sugnont tho air from the H.P.
conpressQr roor scels ond the H.P. conpressor roor beering secel; the whole
volunme of air fron these scals then possca throuch lio 5 vone of the delivory
casing to a vent pipe on the casin: which direets tho air te atnesphere.

Me 202

Fressurised oil and air mixture from the enZine oil tank in the nose
bullet is vented to No. 6 vane of the intaks ccoing. ALt the outer end of
the is thc tanks pressurising wvalve; whon the presoure in the tonk excoods
21B/in® the valva opins cnd allows, the nixturc to flow throush o sceond passage
in the vanc to the oil scparctor. The air is thon vontod to atoosphore via
o 1 vanc uﬁd dueting at the propelling nozzle. when the pressure is less
than 215/in° the mixturc by-passes the pressurising valve via a vont hole in
the valve housing and enters tho sccond passcgo in the vene to the il separ-
ator and then to etmosphere,

The nixture of oil and eir from the intermediete cosing gear chanber,
delivery casing coupling charber, conprossors rnd intor-shaft bearings, flows
through ports into the hollow L.P. conpresser shoft end passos to the front of
the engine into the oil Beparator; it then flows through No 1 vene of the
inteke casing ond is ductod rearwerd to be discherged to otmosphere. The oil
and air nixture from the 2nd stoge turbine beoring nasscs into the hollow 2nd
stoge turbine shaft and flows forward to the ond of the shaft in the delivery
casing whore it is ductod wia the coupling to the intor-stage boaring and
through the L.P. conpressor shaft to be vonted o atnoephore with the other
nixturus;

Air fron the scals of the 1st stage turbine beering, the 2nd stage turbine
air scal and the 1st stage turbine shaf't coupling scel discharpes into the
turbine bearing support drun; the air then pesscs through the aperturc of tho
dolivery casing @iaphragn to augnent tho air fron tho H.P. compressor rear
scals thon passecs through No 5 vane of the delivery cesing to a vent pipe on
the casing which dircets the air to atnosphare via the nein ongine broather.

8. IEngino inti-feing
M 301

H.P. conpressor delivery air is used ¢ Jrevent iedng of the air inteke,
the intoke vanes, the noso fairing ond entry suide blades.

Hot air pesscs through No T vane of tho 2clivery cesing ond is piped to o
hot air volvo mountod on the L.P. conmpreasor ensing.  The wolve is operatod by
an eclectrically oporsted actuator contrclled from the cockpit. ihen the valve
is open, hot oir pnssos to the anti-icing oir duet inlet and the adapter ring
inlet. The anti-icing air in the duct passcs into the ontry guide blades then

/through
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through interncl pessagos to the air inteke venes, while the air in the
adaptor circuletes around the ring nnd thon into the loading edge of the in-
toke vanos. lir is ductod fren the lesdin: edge of the vones, to the nulti-
skinned nosc fairing fron which it is exhousicd via the pogsages in the centro
of vence No 2 to 11 inclusive. (The passajes in-the contro of vancs Nos 1 and
12 arc used to duct air away from the oil saparctor.

The onti-icing air is ducted cwny fron the sir inteke through five outlots
es follows:-

(1) Mo 3 vane 18 connceted to No 2 vene by o duct in the periphory of tho
intoke cneing. The air paseing throush these two vones is oxhoustod
through on outlot at the outer ond of No 2 voene fron which it is piped to
the rcar bulkhoed to oxhoust into gone 2B,

(11) Air pessing through No 11 venc is pized fron on outlet at the outor
ond of the vane to zonc 2B as deseribel in (i),

(111) Mo 5 and 6 vancs and Nos 8 and 9 vancs erc connectod to No 9 by a
duct in tho periphery of the intake cra Ce  wir possing through those
vanos is cxhausted through an ocutlet at thwo cutor ond of No 7T vanc. The

outlet natas with a conneetion in tho anginc bay doors froom which air is
mtﬂdi

(iv) The air pessing through HNo 4 vens is cxhausted from the vons outlot
into the ongine bay. 4 perforated plato ond a defloctor plate is fitted

over the outlet to provent hot nir inpinging dircetly upon the engine boy
walls,

(v) The fifth outlct is on No 10 vanc &nd is identionl to tho outlet on
Ne 4 vano.

M 202

H.P. comprossor delivery air is uscd t9 Jroteet the cir intcke nose

IP bullet and its intogrel oil tonk, the intake wincs, pitot and cntry guide

bladce fron icing, The hot air paescs throuch No 6 vene of the delivery casins
and is then ducted externally to a hot air volve wounted on the l.p. compressor
casing. This valve is opecrated by on clsetricrl actuator controlled from tho
aircraft cockpit; whon it is in tho dpen osiiicn, hot eir prssos into the
anti-icing colloctor nonifold nnd through the cniry r~uide blades to tho annulus
at the roar of the innor eansing. The air thon flows through the internal
pessagos of tho cesing to the nose bullet thon forwerd betweoon the bullet and
the oil tank ond through on aporture nt the leading odge of the bullet innor
skin to hoot tho outer skin on its rearward jowncy to the bullet rear froo.
Ports in tho eir intnke innoer casing frent foce reecive the hot air which thon

flows into the intake vencs from which it is sxhoustod into the ongine air
intake.

/The
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The pitot head, situated in front of the lucding odge of No 4 intoke vano
is hcoted by air tappéd fréon the oir pdpe botwowa thoe welve ond front bulkhoad;
this flexible pipe carricd air to tho pitot heed besc through the pitot head
to vent, through holes into the air intake,.

9.  Engine Bay Ventilgtion

Zone 1 forword of the front bulkhcad contoins the intoke cesing and L.P.
compressor casing. The cooling air inlet ducts of the altomotor and constant
spead drive unit oil cocler pess through tho botton of this zone. Lir fron the
scparator is ductod from the outlet on the top of the intake easing through the
aireraft to the treiling cdgo of the main plenc whore it is discharged to atnos-
phere.

Zone 24 is the compartmont betwoon tho two bulkhceds which contains tho
fuel system. This zono is ventilatod by ranm air, ducted from an intoko fittod
boenheath the zono 24 engine bay door, bein; dirceted to the top of the zone and
dischargod to atnosphere by the induccr action of the nain engine breather
through an operture in the rcer of tho door. Vcntilation is cssistod by ram

Lft of the roar bulkhcad, zonc 2B contrins the combustion chanbers,
turbincs and cxhoust annulus. Ventilation of this zonc is by ran air, ducted
fron an intake fitted bencath zome 24 enging bry door, cntering the base of the
conpartment and is dirccted to the top whore it cntors o duct which carrics it
to tho outlot eperturc boneath zone 3.  Jn induccr fitted in the outlet duct
cnsures cfficient ventilation of zonc 2B during ground running and taxying.

Zono 3 is tho zonc containing the jot sisc tunnel. It is ventilated by
ram air, ducted fron an intoke fitted beneath zonc 2i cngine bay door, direcetod
around the circunforence of the jot pipe and oxhousted at its roar end. To
ensurc 2 flow of air during ground running or «axring the cutlet end of tho jot
pipe is shaped to give cxtractor actiom.
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