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SECTION 13
EIGINE BLEED AIR SERVICES

1. Introduction (Genera}l)

Dompressed air obtained from the engines is utilised for a variety of
purposes througshcut ths aireraft, The air supply froa the engines is taken
out of the delivery casing, an area situated behind the last stage of the high
pressure compresacre spool, The following services are dependant on the air
bleed.

8, Cabin pressurisation and temperature control,
be Ving anti-icing.

¢ Fin anti-icing and bomb bay heciing.

de Engine intale anti-ioing,

e« Primary alternator cooling air inducars.

f. Internal engine starting (Seo Section 7).

g Ventilated suits.

These services are describod in the following paragraphs in the order
previously riven.

CABIN PRESSURISATICH AND

nnnnnnn

The high operational ceilinz of the zircraft m kes crew ¢ bin pressur-
isation o necessity. Pressuris.tion is nuh:l.ogad by bleeding air from the :
eingines at a {emperature of approximately 300°C, and conditioning the air
by reducing its temperature and scontrolling its humidity and thon admitting
it through suitable feed pipes to and around the cabin. The level of
pressurisation required in the cabin is determined by the setting of pressure
controllers and n ddsghnrge valva, The discharve velve is s i1echaniecal
device which "Leaks" ir at a conirolled rate from the pressure cabin,
Provision is made for cabin vertilation during unpressurised flight by the
use of ram zir ebtained from an intake near the port engine intake, The
intake ducting has a shut off valve electrically actunted and is operated by
a sritch on TP.

Two levels of cabin pressure are employed i.e CHUISE - cabin pressure
equivalent to 8,000} and COMBAT - cabin pressure equivalent to 19,500',
Theme values are dutmimd by two pressura controllors one of tlh:l.ch is elasctr=-
ically controlled by a emall electric motor which alters cortain settings on
o differential capsule,

The motor is controlled by a three position switch on TP mariced CRUISE -
COMBAT - I'C PRESSURE.

CABIN T35 TERATURE COVZ0L
5. Bngine Air Isolaticn Velves

Each engine is provided with un electrieclly controlled entine air isolation
cock. The cocks are controlled by four switches on TP, each switch being
labelled OPEN = SHUT. The cocks adidit or shut off the engine air supplies as
required, .

4. Auto Flow control valves (lizss Flow)

The ducted air supplies from the port and starboard engines are isolated . .
from one an other by two pairg of non returm vulves, Batween o .ch pair of non
return volves n hnnnh pipe is conneoted and supplies air to the cabin air
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conditioning unit via t.o slectrically actusted auto flow valves. Another name
for these valves is CABIN IR SITPLY VALVES, and two ewitchos on TP eontrol
the cpening and closing of tha wto flow valves,

S« _Air Conditioning Unit

The air conditioning unit controls the temseraturs of the eir entering the
cabin. The complete unit is removable from ths aireraft. The major compononts
are listed below:~

a8, [lHeat exchanger 2. Underheat sensing unit
be Brake turbine (Refri orator) f. Ovorheat switch

¢s Temperature control vilve g. FPressure ratio switoh
de Tater severator h. Duet relief valve

Je* By poss valve

6. Temperature sontrol valve

The temperature control valve is a four way electrically actuated .ir
valve which is sither automatically or manually controlled. Automatically

~.the actustor operates in conjunction 4tlL temperature sensative olements in
_the oabin, a magnetic amplifier and n t m erature selector on TP marked HOT

{

= COLD - AUTO,
7. Brake Turbine Unit

This unit may be described es n hect energy axchunger. Energy is axpended
by the turbine thus taking energy from the driving force (ie the air to be cooled )
in the form of heat, thue aooling the air,

8. Underneat sonsing unit and aystem

Since the bruke turbine unit is extremely efficient then under certain
operating conditions the outlet »ir from the turbine could fall below freesing
point. To aveid this eondition thoby pass valve - controlled by temperature
sensitive lements and an underhent switch unit - is opoerated 3-:- by pass bot
air across the turbine should tho outlet tenpersture foll to 2°C.

9. Overhost Switch

The overheat switch fitted in the air duoting downstroam of the temperature
control valve is set to close its conincts should the tewporature of the air in
the uct rise to 175°C. The oontacts on cloesings complote & circuit to move the
temperature conrol vilve actuator twwards the cool position. “hen the temper—
ature returns to 155°¢ the overheat switéh opons. The mritch overrides any
selection that may be modo on the temperature control valve operating ewiteh on
TP! -

10.  Pressure Ratio Switch

This switch is fitted to weasure the uressure ratio acrose input and output
of the brake turbine unit. Should this ratio exceed .34 to 1 the contaots of
the preasurs ratio switch - High mmti = close to operate the temperature comtrol
valve towards the HOT position. 1In so doing the amount of air passed to the
turbine ie reduced and the pressurs ratio switch chanzes its contacts back to low
ratio. During this action a m gnetid indicetor on T is energised white.

11, Pressure controllers snd discharys valve

Tro pressure controliers nve fitted, one of which is elsciricelly controlled,
the operation of the controllers nd discharge valve have been sufliciently
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described in paragraph 2. A lover on the motorised controller may be lifted
to test tho loss of ypressure wirnimg horn.

12.  Decompression Valve

Two solenoid valves nre anployed for de-nressurising tho cabin, Operation
of ths valves rosults in the discharzs vlave outlet axhaueting air fron the
cabin at the maximum rate, Ths solcnoids mey bo energised in five different

ways, o=
4s  Belocting N0 PRESSURE on the pressure selector switch on )3
bs  Selecting EMERGENCY DE~CO''RESSICN at the switoh on 6P
cs Belecting the ABAWDON AIRCHAFT switch on 6P
d. A test switch in the nose hoel bay

@ A manually operated lever above the AN0's position operates tho
de-compression valvos.

ANTI-ICING A°D BOMB BAY HEATINg
15. Anti-Tecing Introduction

The torual anti-icing syster providos a means of koeping the temper ture

of the loading edyes of the wings und fin sufficiently high to prevent the

formation of icea.

The required heat is providad by air bled from the main engine delivery
casings, and after suitable mixing with cold air is distributed to the leading
odga:ufthwhgnnﬂﬁn.nﬂmtmdmnmm intake leading edse and engine
splitter walls, The various systems can be controlled sutomatically or manually
by suitable sclpction. of ewitshes fitted to TP.

The airernft installation ie divided into thres soparate systems. One for
the port wing and one for the starboard wing, the= third being tho fin aystem.
Bach system has its own injector barrel (mixing chamber)s A short description
of aystem components begins in the naxt paragraph.

4. Controls and I@éu&&rs

The controls and indicators are ‘rouped toethor on & panel fitted to the
aft end of TP, They are as folloist—

8. An individual control switch for sach systam ie WING = FIF - “ING
and each switch is labellod AUTO = OFF - MAITUAL.

be Three manual heat control switches associatod with the switches
mentioned in the previous eub ; ph ard labelled INC = OFF - DEC
(Spring loaded to OFF pnsitiong

©, "hroe temperature indicctors, ome for each system rocord the
tomporature of the air at the outlets of individual injector barrels.
The indicators read from 0 - 200°C,

d. Throe setting potenticuoters on the rear face of 2nd pilots floor
for setting the operating temperatures of tho systems. Tho potenticmeters
are only used during calibration checks.

15. Injecter Barrel Bquipment

Bach system is equipped witi an injector barrel which is essentially a
mixing ohamber for hot and nold air. [Bach barrsl hae a cold air valve actuator
and a hot air valve actuator.
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16. Step Imching Control Units

Bach system is provided with ono of these units. They control the
"OPEN" & "CLOSE" fields of the individual barrel cold air valve actiators thus
controlling the amount of cold air entering the barrel intake. In the case of
the wing .nti-ice system the barrel cold :ir actuator and the step inching unit
form basically one assembly, The cold eir actuator working the mmall air intake
flap beneath the ongine intakes. The step incher senscs changses in barrel outlet
temperature by means of a fluid filled capilliary tube fitted in the barrel
outlet duct. A rise in barrel temysraturc causes the fluid to exvand the
expansion being felt wia a flexiole pipe by a capsule operated svitch in the
step incher. This will cause resultant cold air actustor movament to admit -
more #00l air to tho barrcl by opening the intake flap further. A mechanical
follow up connection between the actiutor and the inching unit onsures small
increments of actuator movement,

17. Magnetic Amplifiers (Hot Air Valve Controllers)

A magmetic Amplificr fitted close by to cach system injector barrel caters
for control of the barrel bot air valve actuator. In this respect it works
in conjunction with the system describod in parsgraph 19) The controllers are
brouszht into action by placing the aporopriate switch on 7P to "AUTO"., ‘Two

. temperature sensing clements on the wing and fin leading edge surfact (Ident-

ified as two amall black rectangles) detect chanuos in leading edge skin
temperatures, These clements cousc changes inside the magnetic amplifior to
cause 28 V DC to be appliod from the wmametic amplifier to the HOT or COOL
fields of the barrel hot air valwve nctuator as appro riate to tho temperature
changes on the sltin sensing clements, A follow up resistor assembly on the
hot air valve actuator is connected in the mag amp circuit to cancel further
movement of tha actuator when a now temporature setting has been achieved.

18, Overhoat Switch (Flamestat)

Pitted in the outlet duct of each barrsl is an overhoat switch sd to
close their contacts at 165°9C + 59C. These contacts whon closed complate a
circult to energzise a relay which closes the barrel hot air valve actuator.

19. Safety Micro Bwitches

The hot air actuator operating linkage ie oquipped with a wicro switch.
This micro switch is set to close its contncts vhon hot air valve actuator is
fully closed completing a circuit to the cold a2ir actuator "CLOSE" ficld.

20. "Sunvic" dolay switches

The dolay switches are fitted to cach systam to "hold off" the operation
of the step inching units. .fter selocting AUTO a 10 socond dolay to the stop
inching units is sllowed, to cnsurs that the do-icing ducting air is fully
established.

21, Enging splitter wall Anti-icing system

The wing anti-icing systems nlse incorporate the necessary electrieal
circuits to onable hot air from the wing injactor barrele to be circulatod
around the enzine intake splittor 'mlls., The air is oxhausted via a amall ._...
electrically actuated flap underncath the engine intakes. This actuator roceives
its supply from the wing anti-icing control relays.

. EGING IN A ANTI-TOING
22, Engins de-ioing actuator

Each ongine is equipped with a swmll cloctrically operated gate valve
/1ocated
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located on thes port aside of the engine. The valve controls air from the
delivery casing and distributes the nir around tho ongine intake comprossor

webs. The sctuators arc brousht into oporation in conjunction vith the wing .
anti-icing systoms,

BOMB BAY HUATING
23. Gamrg Introduction

The bomb bay syst.m is for all purposcs idontical to the wing and fin
anti-ioing contrel. The controls for the heating systom aro groupod togother
at the mavigator/plotters position, Tho purposs of bomb bay hoating is to
maintsin the temporature of tho bay air to 2 fov degrecs above froczing point.

ALTERVATCR ATR INDUCTRS
2h. Introduction

The main =1tormtors togothor with their nssocinted SCDU's nra coolod
during flight by rem air obtajned from NACA intakes bonoath the onzino intakoa.

This oooling air flows ovor thu alternators and is exhaustod from rearward
facing ducts on tho engine accoss doors, During ground running and taxying
however, ths ccoling air supply is poor. To augnont this air, a tapping taken
from the delivery casing is ductod to high volocity nozsles 1t the oxhaust end
of the cooling systam thus inducing air to flow rapidly into tho NACA intakos,

Tho sir tappingsupply ie contirolled by a anall cleetrieally actucted valve
fitted to tho starboard eide of th. engino, These 2ctuators arc controllod by
the undercarriage circuit (Sce Bection 10)

OPENl = Undercarrinzo DN
CLOSED - Undercarria;cv UP

25. Vontilated Suit Heating (Iniroduction)

The suit ventilation systan provides a flov of dry air whioh can be hoated
to individual orew member's rojuircmonts. Engine compressor air is pragsad
_through a separato air conditioning system. After conditioning the air flows to

& multi-outlet manifold which distributes the air to tho orov member!s suits,
A duct containing an cleetrical henter amd a sonsing olement is fittod in the
supply line to onch suit.

Fitted adjacont to onch ecrew mom ors station is a transductor applifier and
tho controls for regulating the flov of air and tha heater. Tho ourront supply
to each heater can be controlled oither manually or nutouatically. A description
of cirouit compnonts is gven in the following parasraphs.

2.  Air On=Off Cook Actustor

Tho supply of conditionsd air to the distribution manifold is via an
actuator oporatod ON=OFF cock controlled by a mingle pole mnstor svitoh fitted
to the starbonrd conmsols (7P).

Fitted into the manifold is 'n overheat switch, tho contacts of which closo

if the temperaturs of tho air floving in the duct cxoceds T09C. If tho switch
closes, the aotuator will move the OF — OFF cock to tho closed position,

The cireuit is so arrangod that when tho overheat condition hasmased to
axist, the ON-OFF cock will ramain closed due to a nolding cireuit on R.136. The
holding cirouit can be broken by selecting the master switch to CLOSE and then
back to OPEN.



__ANTI-ICING CONTROL PANEL

AR VEMNTILATED ST
SYSTEM FEED CODCK
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Fig. 1. De-icing system control panel
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PRESSURISATION, DECOMPRESSION & WARMING CIRCUIT
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