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RESTRICTED
AIR CORDITIONING SYSTEMS Poge 1.

Reference: AP 45058 Vol 1 et
AP 4340 (A/C Pressurisation and Air Conditioning Reouip)
AF 6022V (Cebin and A/C Pressurisation)

Introduction.

1. The nir conditioning syctem in this a/c is instelled for the

s~ purpose of cabin air conditioning and pressurisation, aircrew suit

" yentilation, windscreen de-misting by hot air and silicr-gel crystels
and bomb bay heatins.

2. The air conditioning and pressurisation system enables operantions
to be carried out in the esbin, in comfort, at extreme sltitudes snd
under varying conditions of flight, the air in the crews compartment
being meintained at reasonnble temperntures and pressures over the
whole range of conditions likely to be encountered.

3. A similar coaditioning plant, (of emaller dimensions) to that
ased for cabin sir supply, ic included in the ventilated sult syctem,
and, maintaino n flow of warm dry nir through supply lines to
individunl suits ot crocw statione.

Air Supply.

4. Adr for cobin pressurisation is tepped from ench engine high
prescure delivory cosing from Wo.2 vance. After ﬂaliverg from this
casing the air pasnes through a non-return valve to o 3" dir.
clectrienlly operatod carbon gete valve loented on the engine intake
cesing ot the top noar ccentre. A common duet from czeh grte velve
runs inboerd under the engine bsy roofs, to run ond divide into

two branchos ot the bomb bay rib, the hot air being ducted rearwnrd,
for bomb bay heating ~nd fin thermel satfi-icing, ond forwerd for
cobin conditioning and leading cdge thermol nnti-ieing.

5. As the ducting on cach side of the A/C appronchcs the front
gpar, it desconds down the remr frce of the front spar to pass
through the spar inte the lower nir intake 1lip structure.
Immediatoly ofterwnrds the ducting divides into two brenches, one
going to the leading edge thermnl ~nti-icing syetem, -nd the other
o the cobin conditioninz equipment, the ducting to the lotter

~papgsing around the outside of Ho 2 trnk bry ~nd iato the remr of the
noscwheel bay snd converging nt o threc duct rescebly.

6, The two outer ducts, in each of which is fittcd on suto-flow
controller andshut off wenlve, arc joined by o bridge piece to form n
Y-shnped feed duect into the conditioning unit. Between the two
outer ducte, ond isolated from them by two non-rcturn v-lves, is the
flood flow .uct which commccts to the conditioning unit through the
electrienlly nctunted flood flow wilvc. Upstreom of this velve is o
braneh duct for a sunply of hot sir to the ventilated suit systenm.
A Y-ghaped duct nsscmbly comccts the two oir conditioning unit
outlots to n~ non-return velve on the renr nrossure bulikhenrd.

Automatic Flow Control System

7. The air supply from the engines, which varics rccording to
engine spceds end changes of nir density due to altitude chnnges,
4o the air conditioning unit is regulanted by the nuto-flow controller

Operntion

’hB. The cantrgller bepierlly consists of o ecylindricnl body contain-
ing =~ spring loaded tnpered conc nnd fixed orifice. The pressure of
the air sunply tends to force the tonered conc into the fixed orifice
cgrinset the conc avring until o balanece outovut of 55/60 lbs/min is
achioved ot zround levels, which fnlle off in a smooth chorncteristic
$o 13/15 1ba/min at 50,000 ft, thue mointaining the flow within the
required limits for variztions in eaginc ~nd cnbin conditions.

/Vrri~tions
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Yarintions in pressure from the sourcc of supply (engines) together

with chenges in density (altitude chenges) v-ry the poeition of the
econe in releotion to the fixed orifice.

9. In certein conditionsthe nir supply to the enbin mey be in
excess of reouirements. The clectrically operated shut-off valves
dircdtly downstream of the nuto-flow controllers allow the air
supply to the cobin, to be partially or totally cut off by operntion
~0f one or both of the €3I AIR switches on the etarbonrd console
.\ ' (PAN®L 7P) prossurisction control panel.

Flood Flow Control Systom

10. A flood flow systom is provided which will operate sutom~tieclly
should ~ serious ecrbin pressurc loss occur, c.g. enbin muncture by

con action. Tho flood flow valve is opencd, ~llowing nll the nir
su from the engines to by-pnss the autoflow controllers, =rd

or- Sle =1l the cir supply to pres direct to the 2ir conditionig unit
snd then to the cabin.

Operntion
11. Flood Tlow ig controlled by two rltitude switches. One is
sensitive to A/C nltitude ond operates ot 32,000 ft. The other, in
/~cries with th. first, is sensitive to cobin nltitudes ond operntes
at 29,000 ft. In the evont of the ccbin being holed ~nd the cabin
altitude rising to 29,000 ft, the cnbin switch is opernted, rnd, if
the A/C is nbove 32,000 £1 the flood flow vrlve is rutomrtieally
opencd. Also, the temperaturc-control volve in the ~ir conditioning
gystem is moved to the mid positiecn, overiding cny other prcvious
solection prior to flood flow.

12. If the flood flow is beyond rcquirements it cn be controlled

by the engine carbon grte valve switches, rnd when the flood flow is
no longer required it cnn be switched off by returning the flood flow
valve to the closed wopdttion. The switches for these operntions nre
contnined on the pressuriscation control panel.

Air Supply Conditioning System

13. The eir conditioning unit, controls the temnernture of the rir

ontoring the cabin to maintair ~ reasomable cobin Fewpersature through
/~the widely vnried conditioms cncountered in flight.

14. The unit, mounted in the roof of the nose wheel bey on the port
gide is easily removable for servicing ond the nrineip~l components
are ~8 follows:-
a. Air to Air Cooler.
b. Temperature Control Valve.
¢, Cold Air Unit (comprising an air exponding turbine driving n
V broke in the form of n compressor.)
.. d. Woter Extractor.
] e. Underheat Bypnes Vnlve.
f. Presoure Reliel Vnlve
g. Fressurc Retio Switch.

Lir To Air Cooler

15. The purpose of this item is to ccol the hot air from the engines

prior to its entry into the temperniure control valve. The cooling

air supply to the air to nir cooler is from o gmnll rom nir intnke on
m.he port side of the centre scction, between the fuselrge wall and

Jhg engine intake boundory layer fence. After extrreting hent from

the engine cir system, the air to oir cocler oxhnust duct terminntes

in n resrwnrd faeing slot, cutbonrd of the port noscewheel undererrrirge

door.

16. Upetream of the nir to alr cooler the nir supply ducting hne o
bronch pipe which con nllow nll the engine ~ir supply to go direct
to the tompernturc control velve.

/Temporature

T



Peco J
TOMFTRATURT CONTROL VALV

17 This itom is an clectrically actuatod, four way oarbon .mtc valve, and its
purpose is to gevern the path of air*throuh the air conditionin:; unit. Operation
may bHo automatic, in conjunction -ith tomporaturc sonsitive cloments in tho cabin
and the TEMPERATUR™ STLZOTOR on the starboard consolo or manuelly by the CABIN
T™MF"RATURT CONTROL on the samc consolc.

OIERATION

18, Initinlly, if tho tosperaturo control valve is in the saximum heat position,
all the air sup.ly zoos direct to this wvalve, by-passin; the air to air coolor.
From the temperature control wvalve, the hot air posses direct to the cabin by-
passing the cold air unit.

19, Whoen the temperature control valve is moved to the warm position, air direct
from the ensines and eir via theo air to air coolor ontors the valve chembors This
cooler  osultant alr supply is passod direet to the cabin. ihen the tempereture
control valve is moved to tho cool position, ell the 2ir from the engines passes
through the air to air cooler to tho tomporature control valve. From this valve
all this resultant cool air passos dircet to the cabin. when the teaperature
gontrol valve is moved to tho cold condition, somc of the cool air passes directly
to the cabin, whilst the remainder ,asscs through the cold air unit to mix with the
eool air to the cabin and lowver the resultant temperoturce 'When furthor cooling

»~~ for rofri:oratin- conditions is requircd all the cooleor air is passed to the cold

air unit from tho temperature control valve, to mive maximum cold air in the cabine
COLD AIR UNIT

20, This unit consists of a smnll centrifusnl inward flow exansion turbine
directly coupled to a small centrifugal cutward flovw compressor.

The oxpansion inlet is couplel to the tempeorature control valve and, the
outlot discharrca into o wator cxtractor.

The comprossor draws its air through a intale filtor dirooct from tho nosec-
whecl bay. The cjection of comprossed air (which acts as a brake on tho ex-
pansion turbine) frou the cowpressor turbine outlet, is ductod to the outlet
trunking of the ram air from the air to air cooler.

21. Undor refricoration conditions whore all the air from the on-incs is passing

““throush tho air to air eooler and the temperaturc control wvalve to the cold air

unit, the mass {low throurhthe expansion turbine is hiczh, and the cold air unit
may overapocd.

The speo? of the expansion turbine is . elated to the pressure dro, between
the inlet and outlet flos. This ratio is appliod to a gressure ratio switch.
Should the turbinc speced, and therefore the prressure ratio, become too jreat
the switch operates an clectrical circuit to actuste tho port autoflow controller
shut-off valve to the closed positicn, and energisc the COLD AIR UNIT OVIRSPEED
wegnetic indicotor on the pressurisation control pancl, to show white,

WATER EXTRACTCR

22. hen the A/C is o eratin; in a woarm hunid atmosphore and the temperature
gontrol valve ia in the cold air _osition, the sir from the cold air unit will be
cooler below the dew oint, and the watcr vapour in the air will condonse into
droplets vwhich, if permitted to enter the cabin would cause crow diascomfort.

™23, Basiocally tho wator extrastor couprises a nmetal muze coclescer, a tubular

separator and o rolieve valve. Air from the cold air unit passes throuzh the
coslescer pauzes and in doing so, loscus its molsture content in the fora of
wator droplots. Thesc arc deposited on the tubes of the scpatntor, which is
diroctly dounstroam of the conlecscor. The water droplets run down the tubos to
the base of tho unit and arc drained to atmosphere throush the air to air cooler
exhaust duct.

Fhmild +ha asaleasor Boanssas Blasnked. +hoa raldiaf vnlevs w111 anen 0 oansaro



UNDTRHTAT FY-PASS VLLV™ o

Z2he Undeor refriguration conditions, tho tonporaturce of tho air afflux froo
the cold nir unit could f211 balow froezin; point. This would mosn that the
moisturc in the air would bo prosoft in the form of froson jarticles, which
would be difficult to isclate and cause o blockage of tho systao.

25« A smnll clectricnlly actuatod earbon jate velve, controldod by a tomperature
sonsitivoe elonent (sotat 2°C), oporates when the air leavin: the uster cxtroctor

™ is below this »oint. This allows o tajppin; of vern air to by-pass tho cxpansion

turbine of the cold air unit, to mix with the coll air boforc ,assing through
the wator oxtrootor, to keop the air above freezins _oint.

PRESSURE RELI'F VALV™

26, This itea is fitted in tho ducting to the air to air cooler =nd is sct
to roliove at 55 pes.i. The purposce of this valve is to control the naximum
onzine air flow prossurc to provent overspeed eof the cold air unit under
refrigeration conditions at ;round lovel where tho air density is higzhe

AIR CONDITIONING OVZRHTAT SYSTEM

27+ An overheat seitch is couzled in tho tomporature control systou botween

7 the tanpereture control valve ind the direct ductin: to the erbin, to provent

overheating durin; hizh nass conlitions. Should tho tomjcrature in this
ducting excoed 175°C, the switch opcrates automatieally to move the temjperature
control valve to n gooler conlition. Whon the temperature has fallen to 1650C
the switch roturns to normal.

28+  Tho action of this switch over-rides eny control sction that aay bo taking
place at the tine.

AIR VALVT

29. Durin: looal flying, wherc conditions erc such thnt air conditioning is
not reguired (non- ressurisod f1i-ht) ventilation of the cobin can be carried
out by openin; the ram air valve to = desircd selection, by the operation of

tho Bom Air Svitch on the jressurisation control pancl.

30. This actuator operated flap type valve is located at the forvard end of
the nosoitheel bay, port side. Tho ram air supply to it is taken from the
sane ray air intake to the ajr to air cooler. The air is then fed direct to
the cabin, by passing the air conditioning system.

CABYN PRESSURT SATICN SYSTTM

31« The pressurisation systes controls tho [ressurisation of the conditioned
air enterin- tho cabin, by noans of re-ulating the asount of air allowhd to
leave the cabin, to maintain a cobin prossure equivelent of 8000 f't altitude up
to o paximun differential ,ressure of 9 pes.i. but, oay be sct, vhen required,
to maintain a cabin pressurc equivalent of 19,500 ft altitude up to & maxiuwum
dfforential yressure of 4 pes.d.

GABIN DUCTING

32. Aftor enterins the cabin throush o sanmually opersted non-return valve,
the air supply ducting ddvides and runs forvords under the erew floor each

side of the entrance door. Swmall stub pipes fecd air into the wmll ducts
forned by the spaces between the triumin: pancls and the fibreglass sheet brot-
ween adjocoent formors, louvres ot floor level allowing nir into tho cabin.

The dianeter of the Juct is reduced, in stapes, from the rear  ressure bullcheed
to its termination at the front @messure bulkhoad position. Small brench
pipes foed air on to the air boumbor vindow to grovent nisting.

33. Two extractor ducts run forwarl, adjacont to tho feed ducts and short stub
pipes, inter osed betwoon the well feod pipos, conncot them to the remaining wall
ducts, Louvres at roof level in the extractor wall ducts allow air to ont ar the
extractor pipes and leed to a common discharse point on the front ressure
bulkhend. It is then passcd thréush the bulkhead into a combined volve unit,
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and thon blown over the radsr equipment for conditioning purposes.

Finally the air pasces overboard through cutlet grills on the rear
undersurface of the radomc.

COMEINED VALVE UNIT

34+ A combined valve unit containing two bellows oparated discharge valves, is
mounted on the forward face of the fromt prossure bulkhead. Its function being
to rogulate the cabin pressure by offering a restriction to the discharge of the
air leaving the cabin.

-

35+ Bach dischargv valve is governed by a pressurs contreller, the controlling
Pressures supplivd Yy the capsule chamber of the latter, regulate the prossure

in the discharge valve bellows. The conssquant restriction imposed by the valve
bellows on ths discharging air determines the cabin pressurc. The combined valve
unit is enclosed by a shroud, to whigh is attached a duct to lsad discharge air

to ths radar equipment in the noss section. A docomprossion flap allows discharge
air to pass directly to atmosphers during cabin decampression.

FREGSURE CONTROLLERS

3. Two Type F preossure controllers mountoed under the second pilots floor, oach
control one discharge valve in the combinad valve unit. One of the controllers
includes & small rotary mctuater which allows that particular controller to
govern the maximum caiin pressurc to eithar 9 pesed. differential (cruise
conditions) or 4 p.s.i. diiforential (combat conditicn). The other urmotorised
controller is also set to control at a maximum cabin pro.sure of 9 pesed, 1.
differential, =0 us to provide a systom duplication in caso of failure of the
motorised controllar.

37T« Bach controllor consists basicully of threc pressurc semsitive capsules,
two of which are combined to form onc.unit, operating a ncodle contrel wvalve on
a simple beam mechanism, the inturior of the capsule chaumber being open to cabin
air through a small fixed orifice.

38+ The double capsule unit, consists of an absolute capsulo evacusted and
sealod which is sonsitivs to sbsolute pro.surc, and a small differential
capsule which is sonsitive to ambient PIrcasura.

The other capsulo, with its interior connected to static ambient prassura
responds to changes in differential prossurce

3+ The prossure in tho capsule chamber is reégulated by the setting of the
needle contr.! walve, which is piped to atmosphers, in relation to the small fixod
orifice. & rnee the capsule chamber is connectod to the bellows of the combined
valve unit, tho pressure in the capsule chamber governs the position of ths bellows
and therefors the passage of air from the cabin.

OFERATION

40. At ground level the differential capsuls is at its nominal length and the
absolute espsuls is compressed to a winimum, consequently ths beam mechaniem

opens the neodle valve to such an extent that pressure cannot build up in the
bollows of the discharge valve and little rosistance is offered to the flow of

alr from the cabin. The cabin prassuro, therafore, is for all practical purposes,
the same as atmospheric PraBsuTE.

Ll. As the aircraft climbs the absolute capsule axpands causing the control
needle valve to close progressively. At 300 £t the necdle valve has bogun to
restrict the path of air from the capsule chamber to statie, and enough pressure
ocan now build up in the dischargs valve, for the bellows to function and begin
to restrict the flow of air from the cabin. Thie causes the fdifferontial
pressure to increase.

42+  As the airoraft climbs the cabin sltituds is maintained at B8C00 ft and the
differentisal pressurs increases progressivaly causing continued expansion of the
absolute capsuls, and contracticn of the differential capsule, wntil at
approximately 47,000 ft the differential progsure bocomes 9 p.s.i.
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43« At this altitude the absolute cagsule beocones non=eficctive as that ond of the
bean lover comes against its stop. The differential capsule, the couyressive
novement of which has so far not effcoted the neodle valve beam lever, has morely
takon up the pay betwoon its end fitging and the bean lovers

With a furthor increasc in aireraft altitude, a further contraction of the
differential capsule tokes lace causin; thoe boam lever to be lifted allowing the
needle velve to bojin to open, sc that any tondency for the 9 pes.i. difforential
to increasec is off-sot Ly further contractions of the differential cajpsulo.
his action causes tho discharge valve bollows to open yrorressively to bogin to
de=restrict the path of air from the cabin.

GABIN ALTITUDS SELICTION

4is» In the ootorised ;ressure controller the difforentinl cajgsule can be reset
by a rotary actuator controlled by the PRESSURS STLECTOR switch on the jressure-
isation control sanel.

If the switch is placed to the Combat position, the rotary mechanism is put
in motion to raisc the 1i ferentinl oca_sule so that its end fitbinz now contoots
the beam lovar, the movements of both capsule packs now affect the beaw lover and in
econsequonce not until apyroximatoly 19,500 ft docs the needle control valve begin
to restrict tho passase of air from the czpsule chamber and gressuroc can now build
3 in the dscharze bellows to berin to reatrict the flow of air from the cabin,

“until the differential pressure bocomes 4 peSe.is

In this condition the cabin pressure is governed by one lischarne valve under
the influence of the motorised controller, whilst the other discharge valve remains
closed due to the attem,.t of its controller to increase the cabin ressure to the
cruise setting.

45. If COMBAT is solected froa the CRUISE osition, the difforential ca sule is
rosct to give a rate of reduction of cabin  ressure of 12 [«s.is/ain. If CRUISE
is solectod from COMBAT the ca_sule is reset to ;ive a rete of incroase of cabin
-ressurc of 1 L.S.i./min. Thoses settin; rates which arc nccessary for Jhysolo-
gienl reasons, are accom;lished by the two spoel sear box, which transfers the
drive from the motor to tho camshaf't at diffcrent retios according to the direction
of rotation.

~~GABIN PRESSURT SAFTTY VALVES

-

DECOMPRESSTON

L6. Air relesse valves, which cen Le o eratoed clectrically or manually, are
comnectad in t* » ,rossure lines between the ,ressurc controllers and their assoecla-
ted discharpe . .we bellows.

O eration of these release valves allows the  rossurec in the lines to be
exhausted to atuwos_ hers, thus effectively breaking the comnection between the
controllors and discharce valves, This causes the bellows of the lischrage valve
to colle.se, allowing the maxioun arca for outlet flow of air from the cabin,
therofore ra idly do,rossurisin- the cabin,

QPTRATION
47. Blectrical o eration of the sir relesse valve is obtained by moving the
PRTSSURR SELECTOR to tho NO PRSSSURT osition, or by the TMIRG™NCY DECOMFRESS or

#~ /BANDON AIRCRAFT switches on the foruard ond of the PORT consul and by the initial

‘movement of item 48 below which operates a nicro switeh in the cabin roof.

48. The mechanical mothod of o,eratin: these valves is ,rovidoed by a Teloflex
linkage, attachod to a lover in tho cabin roof, above the rear crow membors seat.

DUCT RELITF FLAP -

49. This lightly loaded s_ring; fla, is intcgral with thoe common discharge _oint
on the front ,rossurc bulkhoad.
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Tho airflow from tho cabin during a decompressicn doeés not flow through the

normal collection ducting, but passes dircetly into the combined valve unit via
te.duct relief flap. This onsurcs that tho required rate of decompression is
achicved, and at the same time dvoids very large pressure drops in the ducting.

WARNTING HORN

5C.  Should failure of air supply system or damage %o the cabin structure
cause loss of cabin pressure, the simultaneous cxpansion of the absolute and
differenticl capsules in the motorised controllor will cause contacte to close
in the warning deviee circuit to sound a horn locsted adjacont to the pressure
controllers, and to illuminate threc loss of pressurc warning lamps on the rear
crow mambers instrument panel. The horn can be isclatod for ground sorvicing
purposcs by a manually operated switch adjacent to the prussure controllers.

INWARDS RELTEF VLLVE

51« The inwards relisf valve mounted on tho fromt prossure bulkhead, is to
limit to o safe value eny nogative diffurontial pressure which may arisao.
Normally tho mir supply to the cabin is sufficient to prevent any reversal of
pressure, tut in cortain circumstances such as a very rapid descent following
engine fuiluro und subsequent cubin supply failurs, the uxternal pressure could
axceod cabin pressure. In such a case the inwards reliof valve will open to
allow air to onter the cabin, and as soon as cabin and atmosphoric pressures are
approximately the seme, the valve closes. -

OQUIWARDS RELIES V.LV§

92. The cutwards relief valve fitted to the front prassure bulkhead, is to
relisve oxcoss procsures in the cabin in ovent of failure of the pressure
sontrollers or amssoolated equipments a& soon as the differential pressure
reaches 9.75 p.s-1i. tho valve will relieve, and will maintain a cubin pressure
ﬂiﬂm:&l of 10-25 PeBsis

WINBSCREEN DEMISTING
THERMAJ, SYSTEM

53+ For demisting the cabin side of ths windscrson, an clectrically sperated
system is providod, using heated cabin air directsd onto the five windscreen
panels ae required. Control of the hesting supply is by a two position switch
locatod on the 1st pilots instrument pancl. Whon ths switch is moved to the ON
position, curreut is supplied to drive the blower of = combined heater and@liow
unit mounted vertically adjacent to the fromtprossurs ulkhosd under the 2nd
Pilots floor. (n MOD 908 4/C the switch is locatod on the inboard sido of

the 2nd pil-*s instrument punel. .

DUCTING

4« From the heater, the flow of air is branched by a Y shaped duct to twin
ducts which leads the flow to a facd duct situstod boneath the centre windscrean.
Three spray pipes then direct hot air to the censro windscrean. [Each of the
oater windsoreens is hoated by air which is drawn from the port or starboard
twin duct and piped direct %e the windscreen.

OVERHEAT SWITCH
55. Snould the temperature in the ducting rise to above T0'C a thermal overhoat
@witch in the cucting, intesrupts the electrical supply to the hester unit. When
%he temperaturs falls to 60°C the switch "makes" and the heater comes into
ﬂ#mtiﬂn min-

L]

SJILICs - GEL SYSTEIL

5%« The centro three panels of the pilots windscreen are of sandwich type
constructions and %o prevent internal misting of the inner and suter window anc
air drying system is installed, connectod to ths space betwesn the windowse.
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DEHYDRATOR VALVES.

57 Fitted in the upper portion of each of ths three windscreen panels is a
Vickers self sealing dehydrator valve. These valves effectively seal the space
between the windows until they are comnected to the pipe linas of the system
dehydrator valve connectors which maintain the valves in the open position,

thus ensuring that only dry air ie sdmitted to the interspace.

58. Bach valve is connected through a short length of rubber tubing to an
aluminium pipe and to the gilica-gel container. The three silica-gel
containers are located under tho lst pilets floor.

BASIL BLiDUERS

59 As the system is contained completely within the pressure cabin, it

follows that the air in the windscroen interspace is at the same pressure as the
cabin air at all times. Suould the cabin be depressurised in an emergency, it

is necessary that ths prossure in the interspace be reduced at approximately

the same rate as the cabin pressure, in order to aveid poseible damsge to the inner
scroen through diffurential pressure.

60. To obtain this condition, throv small basil bladders are connceted to the
systam, one in osch pipe linc. Theso bladders permit rapid expansion of tho
air in the systom when, during a decomprossion, the cabin pressurc is bolow the
interspace pressuro.

SILICA+GEL

6l. Woen pefilling air drying cartridges, silica-gsl crystals Ref No 33C/1454
only must be used. The silica-gel is blue when dry and slowly changes to
pink as it absorbs moisture.

RELTEF VALVES

62¢ To prevent excoss pressure frem building mp in the windsereen interspases,
pressure relief valves, ons in ocach of the three windscreen systems, are fitted.

AIR VESTILATED SUIT SYSTHM.

GENERAD

63. dnder cortain conditions of aireraft operation, such as aircraft stationary
or taxying, especially in warm climates or low altitude high speed flying, it *=
&n aavantage to use a systom which allows direct and individmal bodily air
ventilation to all crew members whon dressed in normal or speeial flying slothing.

i

4 spesial suit, the air vontilated swit is wornj +%his is a fabrie garment
rathor like an overall, fittod with a network of flexible tabes torminating in
emall jots which dischargs air directly over she skin near the makn sweat glands.
Body heat is therefors removed by ovaporative eooling.

The air wentilated suit has cortain advantagesy it eoels the wearer at
source and nullifies the inewlating effoet of tho varions layors of flying elothing.

The air sypply sun be taken frem a ground eonditioning trolley er $apped from
main enginc nompressor, so that the suit san be used under all eircumstances.

SYSTEM

84s The systdn whieh conditions the air supply for sait ventilation is an . . _s1.¢
adjunetion to tho sabin air aonditioning system and obtains its air supply from
the same hasie source.

idr is taken from tho sabin main pressurisation system bofore she flood
flow valve, and flows through an eleetrically operatod Oli /OFF sock into the suit
ventilating air eonditioning systom.
R ep———



65. From the ON/OFF cock, the gharge {Buppl.jrl air, which is hot and possibly
humid, is passed through an air to air cotler (Heat Exchanger). The cooling
medium for this cooler is ram air ducted from the ram air intake st the boundary
layer fence on the port side centre section.

COLD AIR UNIT

66.  After passing through the cooler and giving up most of its heat, the partly
cooled air is expanded across a cooling turbine to further reduce its heat and
cause the water content to form into controllable droplete.

The cooling system turbine drives a fan coupled to it which draws ram air
through the cooling surface of the primary air to air coolery after passing
around the fan this cooling air is diecharged to atmosphere.

M4TER EXTR.CTOR

57+ Cold air on leaving the turbine is ducted to a water extractor where the
water content is reduced and the air emerges as cold and dry. At temperature
seneing element at the outlet of the water extractor, operatcs the underheat
control valve to by-pass warm engine air into the water extractor to mix with
the cold moist air from the cold air unit, and thereby prevent the moisture
particles from froosing. The sensing element operates to open the gnﬂarh#nt
control valve whon “he wator extractor outlot temparature drops to 2 C.

.

HEAT BXCHNGER

68, The air now flows through a hoat axshanger to be warmed and leaves as

warm dry air. This heat exchanger roceives its supply of heat from the initial
tapping of hot air, this sir passcs through, and is sontrolled Yy, a temperature
control valve.

FILTER /8D NON-RETURN V.IVE

69. After being re-hestod the wamm dry air is filtered and pased through =
non-return valve at the rear pressure bulkhead to a manifold fitted inside the
eabin aft of rear :rews fleor.

MATFOLD ~

70« The manifold consists of five main components, i.e. sonie venturis, pressure
relief valve pressure sontroller, temperature sensing unit and an overheat switch.
It serves as a distribution point for the supply of asir to individual orew stations,
the ;ia,i:nuonr veniuris ensure that the flow of air to each suit is limited to

11b .

MANTFOLD PRESSURE CONTROL 4MD RELIEF

Tl. During normal operation, the flow of air to tho manifold is in excess of
that requirud for tho suits. Pressure in the manifold is prevented_from rising
above 18 p.s.i. absolute (3.3 p.s.i. at ground level) by a relief valve which is
held open at the correst setting by a pressure controller.

MANTFOLD TEMPER.TURE CONTRQL

- T2 & ‘emperaiure sensing element projesting into the manifold operates the
evgrheat control, valve should the air semperature in the manifold rise to above
15°C. Operation of this allows the overheat control valve to0 cmt off the swpply
of hot engine air to the heat exnhangar.

MANTFOLD OVERHELT CONTROL

T3« an overheat swiich is located on the manifold cusing directly below the
temperature sensing element. This switeh provents an uncontrolled temperature
e T
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rise in event of a fsult in the &stem. -
If the temperature in the menifold risvs to TOC the overheat switch
operates the roloy to cause tho shut off cock to close and ronder the complete

systom inoperative.
REHE.T

The &t sach crow members position a manually controclled electrical heater
is fitted so that eech crow member may adjust heating to his individual
requirements.

MWAUULL FLOW CONTROL

15+ i manual control to enable vach crew member to adjust the flow of
ventilating air to his own ncod is fitted at each position.

SYSTEM FLOW ,JGMENTOR

T76. To compensate for ths adverse effect of high sltitude, when available
supply prossurce and flows sre ruduced and tho cold air unit goes out of action
& flow augmentor comes intc action; a by-pass upstroam of the cold air unit
allows air to flow through the augmentor to the re-hcat oxchanger and onwards
to the ventilated suits.

EXysT

T7« After usc tho air from the suits is exhsusted into the cabin and is
discharged from the cabin with the nommzl cabin air.

GROUND 108

7B.  With sircraft static, suit ventilation may be effect.d by connecting the

2" ground conditioning connection on the port undorside of centre section forward
of front spar to a ground conditioning trollsy supplying the necessary eir
supply.

SWITCH

79« The ON/OFF ocock is controllad by a mestor switch in the cabin, manually
operated, mountad in the aft position on the starbourd console, or the fully
automatic overheat switch incorporated in tho manifold.

BOME B.Y HE.TING SYSTEM
INTRODUCT 10N -

80. Provision is madc for heating the bomb bay, 2s the temperature of the bay
must not fall below fruezing point, when certain stores are carried. The system
which can b operated under automatic or manual control draws hot air from the
engine air supply system, mixes it with cold ram air from a cold air intske

on the dorsal fin, and circulates it throughout tho bomb bay.

DUCT ING

81. The resultant mixed air is ducted forward and aft in tho bomb bay.
Eightoon branch ducts of reducing dimmeter from the main trunking distribute
the heating air evenly throughout the length of tho bomb bay, exhaust air
passes to atmosphere through an exit louvre in tho rear of the port bomd door.

V.. LVE

82, The hot air supply from the engines is fed to the bomb bay hot air valve.

A branch duct alsc takes hot air to the fin lsading edge anti-icing hot air wvalve.
The flow of air into the bomb bay vis the hot air valve, is electrically

controlled, togother with a flap type cold air valve, in the bomb bay roof. an
amplifier wired tc four temperature sensin, slements dispersed in the bomb bay,
causes an actuator tc open or closg the ho*t air valve as necessary to maintain a 1 .
bomb bay temperaturs of betwsen 10 C to 25 C. JeoLd
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COLD AIR VALVE

83. Two flush type air imtakes, mounted in the dorsal fin supply
cold ram air to the cold nir valve. Tris valve ie controlled by an |
inching unit, the operation of which is governed by a capillary
tube inserted in the duct downatraag of an injector berrel, and
maintaine a duct temperature of 100°C at the injector outlet.

—~ INJECTOR

84. Hot air from the hot air velve passes to the injector,

mixing with the cold air from the ecld air valve. Swirl vanes in

the injector nozzle enrure that officient nixing of the air takes
place. The final temperature de-ends on the rroportion endinitial |

-y

-
]

temperature of the two air supplies. J
|

QEERATIOK 4

AUROMALTC |

85. When the main control switeh is placed in AUTO, the following

actions talke nlace. ;
(a) The Lot air v-lve is ~overned by the temperature sensing
elenents to maintain the correct Hob hay temperrture.

(b) The cold eir velwe iz governed by the inching unit
to maintain the correet duct temperature.

FARUAL  When the meain control switeh is ‘laced in MANUAYT the
Tollowing mctions tele nlzce.

(a) The hot air valve couos under the control of thelm-
INCREBASE/DECHFPASE switeh. of theimenunl

(b) The cold zir valve ir fully ovened and remains open untl
gyatem is shut dowm.

OVERHEAT SYSVEK

86. If the temperature of the nectigs 2ir in the ducting down-
etrean of the injector, rises t6 139 C, an overheat switech
operates to move the hot sir vrlve to the closed nogaition, over-
ridinz any other fcrngof control at thet time. "hen the duct temp-
erature drops tc 120°C, the switeh returns the hot air v-lve to
menual or autonatic control, g

GONTROLS AND INDICATORS

~ 87. These arc mounted on the starboard unner portion of the rear
crews venel, and consist of :-

~

‘ (a) ¥ain control switch. Three positions AUTO-OFP-MANUAL
\ f | (b) Manual Heat control switch. Three pcsitions I1IC-CFP-DEC,
e

spr:’m% loaded to the COFF position.
(¢) Temperature selector, Fnablos the omerator to set the
desired Lomb-bay temperanture wier autorm~tie control.

(d) Bomb bay tempernture inlicator.
i. SWITCHING OFF

88. When the mai» control switch ic returned to the OFT position
the hot air valve closes, then the cold rir vnlve closes, This
Sequence ensures that an uncontrolled temversture rise is avoided.

L]
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Reference: AP L505B Vol 1 (GENERAL and TECHNICAL INFORMATION)

INTRODUCTION

l. The thermal de-icing installation provides a means of keeping
the temperature of the air in the regions of the inner surfaces of
the wing and fin leading edges within predetermined limits. The
required heat is provided by air tapped from the engines and,
mixing it with a suitable quantity of cold air to control its temp-
erature, passing the resultant temperature of air along the inside
of the leading edges of the mainplanes, the engine air intake lips
and splitter wall, and the fin leading edge.

The installation is divided into three separate systems, one
for the port wing, rne for the starboard wing, and one for the fin
system, each having its own injector barrel and hot and cold air
valves. Thethree systems are controlled electrically, three
distinet circuits being employed.

Normally automatic control is used, but manual control can be
used in an emergency such as failure »f the automatic controls.

2e Warm air coters a wocage shaped duct, which runs the whole
length of' the leading =dges, at the transport rib junction. The
forward edge of the dvet ie open to admit warm air to flow to the
inside of the leading edge skin and then rearwards between the euter
skin and a corrugatcd inner skin, whieh is part of the duct. The
warm air gives up its heat to the skin, and exhausts into the space
between the rear of the wedge shancd duct and the front spar. Out-
board of the tank bays, a series of holes in the front spar web
allows the exhausti air to flow rearwards to an exit louvre on the
underside of the main-plane just forward of the rear spar.

ENGINE AIR INTAKE LiADTHG EOGES

3. The warm air junctinn at the transport ribs taps:off air
inboard to the top and bottom lips of the intake structures, to
ducts passing along the inside of each 1lip, and then rearwards
between each 1lip and a cerrugated inner skin as in the wings. The
used air eshausts into the space arcund the air intake tunnels and
the ribs, and then out through an electrically operated extractor

flap on the lower skin of the centre section just forward of the
front spar.

SELITTER WALLS

4. A branch pipe, prinr te the transport rib junction, feeds
warm air to a smell duct al-ng the inside of the splitter walls
leading edges, and then rearwards, between the splitter skin and
an inner skin and finally exhausts with the leading edge intake

s~ lips used air, through the extractor flap.

FIN G _EDEE

Se Warm air enters a wedge section duct which runs the length

of the fin leading edge, and is similar in construction to the
wing systems. The warm air gives up its heat to the skin, then
passes rearwards between the skin and a corrugated inner skin, and

/exhausts
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ANTIZICING

exhausts to the space f»rmed between the rear of the duct and the
front fin post. A series of.holes in the front and rear fin
posts, allows the exhaust alr to flow rearwards, to an exit
louvre in the form of vertical slots, near the top of the fin, en
beth sides.

HOT AIR SUPELY

6. Hot air at a temperature and pressure of up to 350°C and 200
pei, is tapped off the delivery casings of the engines through the
engine iselotien coaks. A common duct from each valve runs in-
board, under the engine bay roofs, to divide into two branches at
the bomb-bay rib, the hot air being ducted rearwards for bomb-bay

heating and fin thermal anti-icing, and to run forward for wing
anti-icing and cabin conditioning.

As the ducting on each side of the aircraft approaches the
front spar, it descends down the rear face of the spar to pass
through the spar into the lower air intake lip structure.

Immediately afterwards, the ducting divides into two branches,
one going forwards to the cabin conditioning equipment, and the
other going outboards to the wing and intake structure thermal
anti-icing systems.

The ducting running rearwards in the inboard engine bay roofs,
passes thr-ugh the bomb bay ribs at the rear of the engine bays,
and provides a common feed through non return valves in the roof
of the bomb-bay, %~ the fin unti-icing and bomb-bay heating systems.
The non-return valves can be by-passed, by a branch duct from the
intake sides of each valve, for the purpose of starting numbers 1
and 2 engines by low pressure air supply. An electrically
actuated butterfly valve is situated in this branch duct and is
operated by the engine start controls.

The flow of hot air into each system is contrelled by
electrically actuated carbon slide valves.

" COLD AIR SUPSLY

7e Cold ambient air is supplied to each system from separate
flush intakes.

The ving and intaoke lips ambient air intazkes are in the form
of electrically actuated flaps (one port, mne starboard), the
amount eopen determining the cold air supply. These flaps when
closed, form part of the surface contour, snd are lecated under
the lswer engine air intake lip structure forward of the frons
Spar.

. The fin supply ensters by twin fixed flush ambient air intakes,
back to baek, in the dorsal fin, the cold air flow being controlled
by an electrically actuated butterfly valve in the throat ef the
cold air ducting. These intakes also supply celd air to the bomb-
Ear heating system through a separate cold air valve in a branch

ust.

INJECTOR BARRELS

8. In this paragraph the operatian of one injector is &scribed,
the others being similar.

Hot air from the engines passes thr~ugh the hot air control
valve to the nozzle of the injector barrel. It then leaves the

/nozzle
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nozzle at a considerable velocity and passes through the barrel,
mixing with, and imparting some of its wvelocity, to the cold air
which enters the barrel around the hot asir nozzle. Swirl vanes in
the hot air nozzle induce efficient hot and cold air mixing. A%
the outlet of the barrel, complete mixing has taken place, and the
final temperature depends upon the proportion of cold air allowed
to mix with the engine air.

CONTROLS AND INDICATORS

9. A panel on the starboard console at the rear, houses the
control switches and indicators, which are:-

f. Three Main centrol switches, one for each system,
labelled AUTO=-OFF-MANUAL.

b. Three manual heat control switches, one for each system,
labelled INC-DEC. (Spring lcaded to “OFF' position).

C. Three temperature indicators, one for each system,
calibrated 0=-200°C to register the temperature at the injector
outlet.

EQ%%:- Before the de-icing systems can functisn, the ENGINE AIR
sewitches on the pressurisation and cabin conditioning control
panel must be "ON".

QEERATICY

10, The following peragraphs describe the operation ef ene of the
wing systems, the other systems being similar, apart from the fact
that the fin system has no extractor flap.

AUTOMATIC

11. With the ENCINE AIR switches on, the main control switch is
placed to AUTO. The variable cold air intaeke and the extracter
flap are opened fully.

When the cold air flap is one third open a micre-switch is
operated to open the hot air valve fully. The hot air valve is new
under the control of a sensing element, flush fitted in the wing
root leading edge. The sensing element ensures a constant leading
edge skin temperature of 10°C, and, thrsugh = magnetic amplifier
re-adjusts the hot air valve accerdingly.

The c¢«ld air flap actuater is coentrelled by an inching unit.
This unit sensas changes in temperaturec at the injecter outlet by
means of a fluid filled capillary tube fitted %o the barrel outlet
duct. A rise in injector outlet temperature will cause the fluid
to expand, the expansion being felt via a flexible pipe, to a
capsule operated switch in the inching unit. This will cause the
c¢old air flap actuatrr to operate to further open the flap to admit
more cold air into the systom. A mechanical follow up connection
between the actuator and the inching unit switches off the actuator
when the flap shas moved to the correct setting.

When the system was iniiially selected to AUTO, the cold air
flap ¢pened fully, which resulted in too much cold air supply so,
the inching unit will cl~se dewn the supply, %o the setting
determined by the mase of hrt sir from the hot air valve. Therefore

/any changes
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any changes in temperature by the wing sensing element on the hot
air valve will cause the inching unit to re-adjust the cold air
setting via the capillarytube, to the correct mixture proportion.

IEMPERATURE INDICATION

12, The injector barrel outlet temperature is recorded on the
0-2000C temperature gauge on Panel 7P by a temperature bulb in the
outlet ducting from the injector.

OVERHEAT CIRCUIT

13. If the temperature of the air on the outlet side of injector
exceeds 165 £ 5°C, an overheat switch in the duecting operates and
the het air valve is disconnected from AUTO or MANUAL control and
closed. When the duct temperature drops to 160°C the everheat
switch returns to normal and the hot air valve is placed back under
control to AUTO or MANUAL.

ICE DETECTORS

14. Pruvisien is made for the installation of autematic ice
detectors in each circuit. This ensures that when the main control
switch is placed to AUTO the system will be placed under the control
of its ice detector and, when conditions of ieing occur, i.e. the
combination of humidity and airframe skin temperature, contacts in
the ice detector will close and the operations previeusly

descrived will take place.

MANUAL OPSRATION

15, With the ENGINE AIR switches """ the main control switch is
placed to MANUAL. The variable celd alr intake and the extracter
flap epen fully, and applies a pesitive supply to the MANUAL HEAT
CONTROL SWITCH.

A holding of MANUAL CQNTROL SWITCH to the INC position epens
tga hot air valve until the temperature indicator registers 156&
5%C.

Openign or closing of the hot air valve can now be controlled
by operating the ING/DEC switch as required. The cold air valve
and extractor flap will remain at the open position whilst% the main
centrel switch is at MANUAL.
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