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ATR CONDITIONING SYSIIRIS Page 1. 
Reference: AP 4505BVol1 

AP 4340 (4/0 Breasuriestion ond Air Conditioning Bauip) 
AP 6022V (Cabin and A/C Pressurisation) 

Introduction. 
1. ‘The sir conditioning syctem in this o/c is installed for the 

‘Purpose of cabin air conditioning end pressurisstion; aircrew suit 
P\yentilation, windscreen de-misting by hot air ond silicn-gel crystele 

and bomb bay heating. 
2. ‘The air conditioning and preesurisntion systom enables operations 

%o be carried out in the cebin, in comfort, at extreme altitudes end 

under varying conditions of flight, the air in the crows compartment 

being maintained et reasonable temperntures and pressures over the 

whole range of conditions likely to be encountered. 

3. <A similar conditioning plant, (of smaller dimensions) to that 

sed for cabin sir supply, is included in the ventilated suit syctem, 

and, maintains » flow of warm dry nir ‘through supply lines to 

individunl suits at crow stations. 

oe oie Supply. 
"4. Air for cabin pressurisation is tepped from ench engine high 

pressure delivory casing from No.2 vane. After delivery from this 

casing the sir passes through o non-return valve to « 3" din. 

electrically operated carbon gete valve located on the engine intake 

casing at tho top noar contro. A common duct from cach g»te velve 

runs inboard under the ongine bey roofs, to run end @ivide into 

two branches ot the bomb bay rib, the hot air being ducted rearwerd, 

for bomb heating end fin thormel anti-icing, and forwerd for 

cabin conditioning and londing edge thermal onti-icing. 

5. As tho ducting on cach side of the A/C appronches the front 
per, it descends down the rear fnce of the front spar to pass 
through the svar into the lowor sir intake lip structure. 
Immedintoly nfterwrrds the ducting divides into two brenches, one 
going to the lending odgc thormel onti-icing syetem, -nd the other 
$0 the cabin conditionine cauipmont, the ducting to the lotter 

‘Apassing around the outcide of Mo 2 tenk bry snd into the rear of the 
Chosewheol bay and converging xt 2 threo duct nssombly. 

6. he two outer ducts, in onch of which is fitted en suto-flow 
| controller anishut off vnivo, are joined by a bridge piece to form o 

Yeshnpod feod duct into the conditioning unit. Between the two 
outer ducts, end isolated from them by two non-roturn volves, is the 
flood flow uct which connects to the conditioning writ through the 
cloctricnlly actuated flood flow valve. Unetrenm of this valve is c 
branch duct for a supply of hot nir to the ventilated suit system. 

S A Yeshaped duct essombly counoets the two air conditioning unit 
outlots to m non-return velve on the renr pressure bulihend. 

Automatic Flow Control System 
4. ~+=«*‘Tho air supply from tho engines, which varico recording to 

ehgine spcods and changce of nir density duo to altitude changes, 
to the air conditioning unit is rogulnted by the cuto-flow controller 

Operation 
8. The contrpller basicnlly consists of 1 cylindricsl body contain~ 

ing e spring ldaded tanered cone and fixed orifice. The pressure of 
the oir supply tends to force the tanered conc into the fixod orifice 
egninst the conc spring until n bolance output of 55/60 lbe/min is 

Sghioved et ground levels, which falls off in a smooth cherneteristic 
to 13/15 ibe/min ct 50,000 ft, thus maintaining the flow within the 
yoquired limite for varictions in engine end cnbin conditions. 

/Nrrirtions 
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Varintions in pressure from the source of supply (engines) together 

_ with chenges in density (altitude changes) v-ry the position of the 
i cone in relation to the fixed orifice. 

9. . In certein conditionsthe sir supply to the exbin may be in 
excess of requirements. The electrically opercted shut-off valves 
dircstly domstream of the cuto-flow controllers allow the sir 
supply to the enbin, to be partially or totally cut off by operntion 
of onc or both of thc GaBZM AIR switches on the starboard console 
(PANEL 7P) prossurisntion control panel. 

f Flood Flow Control System 
10. A flood flow systom io provided which will operate autometicclly 

should n serious cxbin pressurc loss occur, c.g. enbin mmeture by 

on faction. The flood flow valve is opencd, ~llowing nll the air 

mony from the engines to by-pass the sutoflow controllers, srd 

er ble cll the cir supply to pres direct to the oir conditionig unit 

end then to the cabin. 

11. Flooa flow is controlled by two nltitude switches. One is 

sensitive to A/C altitude ond operates at 32,000 ft. The other, in 

rrcrice with th. first, is sensitive to cabin altitudes ond operntes 

at 29,000 ft. In the evont of the enbin being holed ond the eabin 

altitude rising to 29,000 ft, the enbin switch is opernted, end, if 

the A/C is nbove 32,000 ft the flood flow vnivo is eutometienlly 

opencd. Also, tho temperature-control velve in the cir conditioning 

system is moved to the mid position, overiding ony other previous 

selection prior to flood flow. 

12. If the flood flow is bos fi requirements it oon be controlled 

by the engine carbon gto valve switches, ond when the flood flow is 

5 no longer required it cen be switchod off by returning the flood flow 

7 valve to the closed condttion. The switches for these operntions cre 

contained on the pressurisation control panel. 

Ain Supply Conditioning System 
13. The air conditioning unit, controls the temperature of the sir 

entering the ccbin to maintain » rensonable cebin teupereture through 

tho widely varied conditions encountered in flight. 

14. ‘The unit, mounted in tho roof of the nose wheel bey on tho port 
side is easily removable for servicing ond the princip-1 components 
are ap follows: 

a. Air to Air Cooler. 
b. Temperature Control Velve. 
ce, Cola Air Unit (comprising en sir expending turbine driving » 

brake in the form of n compressor.) 
a. Water Bxtractor. 

“ e. Underheat Bypnss Velve. 
f. Pressure Belief Valve 
&- Prossure Ratio Switch. 

‘tin Bo Air Cooler 
15. ‘The purpose of this item is to cool the hot cir from the engines 

prior to ite ontry into the tompernture control valve. Tho cooling 
fir supply to the air to sir cooler is from smnll ram air intrke on 

fe port side of the centre scction, between the fuselrge wnll and 
“he engine intake boundory layer fence. After oxtrecting hoxt from 
the engine air system, tho air to cir cooler oxhaust duct torminntes 
inn resrwara facing Slot, outbonrd of the port nosewheol underenrricge 
oor. 
16. Upotrenm of the sir to air cooler the nir supply ducting hne s 

branch pipe which can nllow nll the engine cir supply to go direct 

, to the tompersture control velve. 
/Zempernture



TOMPTRATURS CONTROL VALV™ 

147. This itom is an oloctrically actuated, four way carbon ate valvo, and its 
purpose is to govern the path of air“throush the air conditionin: unit. Operation 
may be automatic, in conjunction «ith tomperature sonsitive cloments in tho cabin 
and tho TEMPSRATUR™ SULT TOR on the st«rboard console or manually by the CABIN 
TTMP2RATURE CONTROL on the samo console. 

OPERATION 

48 Initinlly, if tho tomporaturo control valve is in the maximum hoat position, 
ali the air sup,ly zoos direct to this valve, by-pacsin; the air to air cooler. 
From tho temperature control valve, the hot air passes direct to the cabin by- 
passing the cold air unit. 

19. Whon tho tomperature control valve is noved to the warn posttion, air diroct 
fron tho oninos ond air vin tho air to air coolor ontors the valvc chanbor. This 
cooler csultant air supply 4s passed direct to the cabin. hon tho tenporeture 
control valve is moved to tho cool position, all the air fron tho oninos passes 
through the air to air cooler to tho tomporature control valve. Fron this valvo 
all this resultant cool air pasacs direct to the cabin. when the toaperature 
control valvo is noved to tho cold condition, some of the cool air passes directly 
to tho cabin, whilst tho rousinder jassos throuch the cold air unit to mix with the 
cool air to tho cabin and lover the rosultant temperoture, hen furthor cooling 

7 for rofrisoratin: conditions is roquircd all the cooler air is passed to the cold 
air unit fron tho tomporaturo control valve, to cdve naximun cold air in the cabins 

COLD ATR WIT 

20. This unit consists of a snall centrifugal inward flow oxzansion turbine 
directly cougled to a smil contrifuzal outward flow compressor. 

The oxyansion inlet is couzlei to the tenperature control valve and, the 
outlot dischar tos into s water oxtractor. 

‘Tho compressor draws its air through a intake filter dircot from tho noso- 
whool bay. The cjection of compressed air (which acts as a brake on tho ox- 
pansion turbine) frou the couwpressor turbins outlet, is ductod to the outlet 
trunking of the ram air fron the air to air cooler. 

2. Undo rofrigoration conditions whore all the air from the onzincs is passing 
‘through tho air to air cooler and the temperature control valve to the cold air 

unit, the nass flow throuhthe oxpansion turbine is hich, and the cold air unit 
may overszeod. 

‘Tho spvo? of the oxpansion turbinc is | elated to tho prossure dro, betwoon 
the inlet and outlct flos. This ratio is ayplicd to a pressure ratio switch. 
Should the turbine spcod, and therofore the prossure ratio, become too great 
the switch oporates an cloctrical circuit to actuate the port autoflow controller 
shut-off valvo to the closed position, and encrzise the COLD AIR UNIT OVIRSPEED 
wagnetic indicator on the pressurisation control panvl, to show whites 

WATER EXTRACTOR 

22, hen the A/C is overatinj; in a warm humid atnosphore and the teaperature 
control valve is in the cold air ,osition, the air from the coli air unit will be 
eoolor below tho dow yoint, and tho water vapour in the air will condense into 
Groplets which, if permitted to enter the cabin would causo crow discomfort. 

73. Basically the water extractor comprises a metal muse coalesccr, a tubulor 
separator anda rolievo valve. Air fron the cold air unit zasses through the 
coslescor rauzos and in doing so, loses its moisture contont in the fora of 
water @roplets. Thesc are doposited on the tubes of the sc,arator, which is 
diroctly downstroan of the cotloscor. Tho water droplets run down the tubos to 
tho base of tho unit and aro drained to atsosphero through tho air to air cooler 
exhaust duct. 
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24. Under refrigeration conditions, tho tonporeture of tho air afflux fron 
tho cold sir unit could fsl1 below froezin; point. This vould moan that tho 
noisture in the air would bo yrosomt in the forn of frozen yarticlos, which 
would be difficult to isolate and cause 2 blocknge of tho syston. 

25. A smi cloctrioally actuntod carbon yate valve, controlbod by a tonperature 
Sonsitéve clonent (sett 2°C), operates when the air leavin; the water oxtractor 
4s below this yoint. This allows 9 tappin: of varn air to by-yass tho oxpansion 
turbino of tho cold air unit, to six with the col] air bofore ,assing through 
the water oxtractor, to koup the air above freezing joint. 

PRESSURE RELI“? VALV™ 

26. This iten is fittel in tho ducting; to the air to air cooler oni is sct 
to roliove at 55 peseie The purpose of this valve is to control the naxiaun 
ongine sir flow prossuro to prevent overspeed of the cold air unit under 
refrigeration conditions st jround lovel where tho air density is hich. 

AIR CONDITIONING OVGRHTAT SYSTEM 

27. An overheat seitch is coupled in the teuperature control syston between 
‘~ the tonporeture control valve and the direst ductin; to tho cabin, to provont 

ovorheating during hich nass conditions. Should tho touperature in this 
ducting oxcoed 175°C, the switch oycrates automtioally to nove the teazerature 
control valve to 2 cooler condition. When the temperature has fallen to 165°C 
the switch returns to normal. 

28. Tho action of this switch over-ridos any control action that aay be taking 
place at the tine. 

BAM Are vawwe 
29. Durinz local flying, whoro conditions ere such thnt air conditioning is 
not roquirod (non-ressurisod flicht) vontilation of the osbin can be carried 
out by ovening the ran air valve to 2 dosirod sclection, by the operation of 
tho Ban Air Switch on the prossurisation control anol. 

~ 30+ This actuator operated flap type valve is located at the formard ond of 
the nosoiheel bay, zort side. Tho raz air supply to it is takon from the 
sane ran air intake to tho ajr to air cooler. ‘The air is then fed direct to 
the cabin, by passing the air conditioning systene 

SATIN 

34. Tho pressurisation syste controls tho pressurisation of the conditioned 
ir entering tho oxbin, by noans of rovulating tho anount of air allowkd to 
leave the cabin, to naintain a onbin prossure equivalent of 8000 ft altitude up 
to o naximun differential ,ressuro of 9 peSei, but, nay be sct, when required, 
to maintain a cabin pressure equivalont of 19,500 ft altitude up to e maximum 
diffcrontial yrossure of 4 pesede 

GABON DUCTING. 

32. Aftor entering the cabin throuch a nanually operated non-return valve,, 
‘tho adr supply ducting divides ani runs forwards unior the crew floor each 
side of the entrance door. — stub pipes food air into tho wall ducts 
formed by the szaces between tho trinnin; pancls cnd tho fibreglass sheet bret= 
woon adjacont fornors, louvres st floor level allowing nir into tho cabin. 
The dianeter of the duct is roducod, in stares, frou the rear zressure bulichesd 
to its torination at the front prossure bullchoad position. Small branch 
pipes food air on to tho air bonbor window to prevent nisting. 
33. ‘wo oxtractor ducts run forvari, adjacent to tho feed ducts and short stub 
pipes, interzosed betwoon tho vall food yizos, connoct then to the renaining wall 
ducts, Louvres at roof level in the oxtractor ll ducts allow air to ont or tho 
extractor pipes and load to a connon dischare point on the front pressure 
‘bulkhead. It is thon passod thréuch the bulkhoad into a combined valve unit, 



age) 
and thon blown over the radar equipment for conditioning purposes. 

Finally the sir passes overbourd through outlet <grille en the rear undersurface of the radome. 

COMBINED VALVE UNIT 

3he A combined valve unit containing two bellows oparated dischargo valves, is founted on the forward face of tho front pressure bulkhead. Its function being to regulate the cabin pressure by offering a restriction to the discharge of the air leaving the cabin. 

- 

35 Bach dischargy valve is governed by @ pressure controller, the controlling Pressures suppliod ty tho capsule chamber of tho latter, regulate the proseuro in the discharge valve bellows. The consequant restriction imposed by the valve bellows on the discharging air determinos the cabin pressure. The combined valvo unit is onclosed ty a shroud, to which is attached a duct to lead discharge air to the radar equipment in tho nose section. & docomprossion flap allows discharge air to pass directly to ataosphere during cabin decompression. 
PRESSURE COWTROLLERS 

%- Two Type F prossure controllers mounted under the second pilots floor, oach (~ Gontrol one discharge valve in the combined valve unit. One or the controllers Anoludes  snall rotary actuator which allows that particular controller to govern the maximum cain pressure to eithsr 9 p.sei. differential (cruise eonditions) or 4 pes-i. difforential (combat condition). The other unmotorised controller ie slso sst to control at a maximum cabin pre. sure of 9 pes.d. . differential, so us to provide a systom duplication in caso of failure of motorised controller. 
pl. Bach controllar consists basicully of threo pressure sensitive capsules, ‘two of which are combined to form onc.unit, operating a ncodle control valve on simple beam mechanism, the intorior of the capsule chamber being open to cabin air through a omall fixed orifice. 

38. Tho doublo capoule unit, consists of an wbsolute capsulo evacuated and Sealed which is sonsitivs to absclute pro.surc, and a small differential capsule which is sonsitive to aubient prossure. 
The othor capsule, with its interior connected to static ambient prossure esponds to changus in differential prossure. 

39+ Tho prissure in tho capsule chamber is regulated by the setting of the Needle contr.!. valve, which is piped to atmosphero, in relation to the small fixod orifices. §.sc0 thy capsule chamber is connected to the bellows of the combined valve unit, tho pressure in the capsule chamber govarns tho position of the bellows and therefore the passage of air fron the cabin. 
OPERATION 
40. At ground lovel the differential capsule is at its nominal length and the absolute capsule is compressed to a minimum, consquontly tho beam mechanien gens the noodle valve to such an extent that pressure cannot build up in the Bellows of the discharge valve and little resistance is offered to the flow of air from the cabin. Tho cabin pressuro, therefore, is for all practical purposes, ‘the same as atmospheric pressure. 

(> ‘A. as the siroraft climbs the absolute capsule expands causing the control needle valvs to close progressively. st 900 ft the neodlo valve has begun to vestrict the path of air from tho capsule chamber to static, and enough pressure gan now tuild up in the dischargs valve, for the bellows to function and begin to restrict the flow of air from the cabin. This causcs the faifferontial ‘ Pressure to incraase. 
420 de the aircraft climbs tho cabin altitude is maintained at 8600 ft and the differentiel pressure increases progressively causing continued expansion of the absolute capsule, and contracticn of the differential capsule, until at approximately 47,000 ft the difforential pressure bocomes 9 p.sed- 
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43- At this altitude the absolute capsule bocones non-effective as that ond of the 
bean lover concs against its stoy. The differontial capsule, the courossive 
noveaent of which has so far not offocted the xeodle valve boaa levor, has ncrely 
taken up tho gay betwoon its ond fitfing and the boom lovor.  ~ 

With a furthor increase in aircraft altitude, a further contraction of the 
@ifferential casule takos place causing tho beau lover to be lifted allowing tho 
needle valve to bojsin to open, sc that any tondency for the 9 p.s.i. difforential 
to increase is off-sct by furthor contractions of tho Jiffcrontial cazsulo. 

(“this action causes tho discharge valve bollows to open prosressivoly to bosin to 
dewrestrict the path of air frou the osbin. 

CABIN ALTITUDS SELTOTION 

‘je In the notorised pressure controller the difforential caysule can be reset 
by 8 rotary actuator controllod by the PRESSURG SELECTOR switch on the pressure- 
isation control zanel. 

If tho switch is placed to tho Conbat yosition, the rotary nechanisn is put 
: in motion to raiso tho Ui ’ferontial oa,sule so that its eni fitbing now contects 

the bean lever, the movonents of both capsule yacks now affect the bean lever and in 
consequence not until apyroxinately 19,500 ft doos the needle control valve bein 

te restrict tho passace of air froz the cayaule chaaber ani prossure can now build 
‘pin the discharge bellows to borin to restrict the flow of air from the cabin, 

“until the differential pressure becomes 4 p.s.i. 

In this condition the oabin pressure is govornod by one ‘scharze valve unter 
the influence of the motorise’ controller, whilst the other discharge valvo remins 
closed due to tho atton,t of its controller to increase the cabin ,ressure to the 
cruise setting. 

45. If COMBAT is solected froa the CRUISE vosition, the difforential ca.sule is 
Tesct to iive a rate of reduction of eabin .ressure of 12 .»8e4e/aine If CRUISE 
is solected fron COMBAT the oa,sule is rosct to civo a rato of increase of cabin 
‘yressuro of 1 ,.8ei./aine Thoses setting rates which are nocessary for vhydolo~ 

{gical reasons, are accom:lished by the two syecd coar box, which transfers the 
@rive from the motor to tho camshaft at different ratios accordin; to the direction 
of rotation. 

CABIN PRESSURE SAFETY VALVES 

‘DECOMPRESSION 

46. Air rolonse valves, which con be o, erated olectrically or manually, aro 
comected in ti) ,rossure lines betweon the ,ressurc controllers and their associa- 
ted discharze v~.ve bello 

Operation of these release valves allows tho ,rossure in the lines to be 
exhausted to atuoshore, thus effectively broaking the connection between the 

% eontrollors and dischare valves. This causes the bellovs of the tischrage valve 
to colla:se, allowing the naxiqus area for outlet flow of air from the cabin, 
therofore rapidly dozressurisin; the cabin. 

‘emArion 

Ae Blectricel o,eration of the air rcloase valve is obtained ty moving the 
‘PRESSURR SELECTOR to the NO PRISSURZ ,osition, or by tho TMURGINCY DECOMPRESS or 

(-\AGANDON ATRORAF? svitches on the forvard ond of tho PORT consul and by the initial 
‘novenent of iten 48 below which operates a micro sviteh in the cabin roof. 

48. ‘Tho neohanieal nothod of o,eratin: these valves is .rovided by a Teleflex 
Linkage, attachod to a lover in tho cabin roof, above the roar crew noabors seat. 

DUCT RELIC? FLAP - 

49. This lightly loaded s:ring flay is integral with tho common discharge Loint 
on tho front .rossure bulihoad. 
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Tho airflow from tho cabin during a decompression does not flow through the 
normal collection ducting, but passes diroctly into ths combined valve unit via 
theduct relicf flap. This onsuros that tho required rate of decompression is 
achioved, and at the sane time avoids very large pressure drops in the ductings 

WARNING HORN 

50. Should failure of air supply gystom or damago to the eubin structure cause loss of cabin pressure, tho simultaneous oxpansion of the absolute and differenticl capsules in the motorised controllor will causo contacts to closs in tho warning devico circuit to sound a horn located adjacent to the pressure controllers, and to illuminate three loss of pressure warning lamps on the rear 
crow mombsrs instrument panel. The horn can be isolatod for ground servicing purposos by a manually operated switch adjacent to the prossure controllers. 
TWWARDS RELIEF VALVE 

51. Tho inwards relief valve mounted on tho fromt prossure bulkhead, is to limit tos safo valuo eny nogative diffurontial prossure which may ariso. Normally tho sir supply to the cabin is sufficient to prevent any reversal of Prosoure, but in cortain circumstances such as a very rapid descont following engine failuro and subsoquent oubin supply failure, the uxternal pressure could exoved cabin prosmure. In such a case tho inwards reliof valve will open to allow air to ontor the cabin, and as soon as cabin and atmospheric pressures aro approxinately tho same, tho valve closes. ~ 
OUTWARDS RELIES VIVE 

52. The outwards relief valve fitted to the front pressure bulkhoad, is to relieve excess prossures in the csbin in ovent of failure of the prossure sontrollors cr asscciated equipment. 4s soon as the differential pressure Teaches 9+75 p.sei. tho valve will relieve, und will maintain a cabin pressuro differential of 10.25 p.aei. 

Nucor paurstig 
EEA. SYST 
53+ For domisting the cabin side of tho windscrven, an electrically operated system is providod, using heated cabin air directed onto the five windscreen Panels as required. Control of the heating supply is by a two position switch tocated on tho lst pilots instrument pancl.  Whon the switch is moved to the ON Position, current is supplied to drive the blower of a combined heater andaiow~ Unit mounted vertically adjacont to the frontprossure bulkhoad under the 2nd pilots floor, Cn MOD 908 4/¢ the witch is located on the inboard sido of ‘tho 2nd pilcts instrument panel. : 
org 

Shs From the heater, the flow of air is branched hy a Y shaped duct to win ducts which leads the flow to a feed duct situated beneath the centre windscreen. Three spray pipes then direct hot air to the centro windsoreon- Bach of the ater windscreens is hoated by air which is drawn from the pert or starboard twin duct and piped direct te the windsereen. 
QUERHRA? SWITCH 
55-  Snould tho temperature in the ducting rise to above 70°C a thermal overhont witch in the cucting, integrupts the electrical supply to the heater unit. When ‘the temporature falls to 60°C the ewitch "makes" and the hoater comes into ‘©perstion ogain. 

SILICA - cal. sysTBr 

58+ The contro three panels of the pilots windscreen are of sandwich typo 
constructions and +o prevent internal misting of the inner and suter window ans 
air drying system is installed, connected to the space between —
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‘DEHYDRATOR VALVES. 

a7. Fitted in the upper portion of each of the three windscreen panels is a Vickers self sealing dehydrator’valve. These valves effectively seal the space between the windows until they are connected to the pipe lines of the syste dehydrator valve connectors which maintain the valves in the open position, thus ensuring that only drg air ie admitted to the interspace. 
58. Bach valve is connected ‘through a short length of rubber tubing to an aluminium pipe and to the silica-gel container. The three silica-gel containers are located under tho 1st pilots floor. 

FMSTL BLADUERS 

59+ As the system is contained completely within the pressure cabin, it follows that the air in the windscroon interspace is at tho sumo prossure as the cabin air at all times. Suould the cabin'be dopressuriaod in an omorgoncy, it is necessary that the prossure in the interspace be reduced at approximately ‘the samo rate as the cabin prossuro, in ordor to avoid possible damage to the inner Scroen through diffurential pressure. 

60, To obtain this condition, throu small basil bladders are connected to the system, ono in osch pipe linc. Theso Nladdors permit repid expansion of tho air in the syeton whon, during a docomprossion, the cabin pressure is bolow tho interspace pressuro. 

SILICA+GRL 

61. | Mon refilling air drying cartridges, silics-gol crystale Ref No 3530/1454 only must be used. The silica-gel is bluo whan dry and slowly changos to Pink as it abcorbs moisture. 

SLIEP valves 
62. To prevent excess prossure freq building np in tho windsereon interspasos, Pressure relicf valves, ono in cach of tho throe windscreen systems, are fitted. 
ATR VENTILATED SUIT SYST. 

pa 

63. Under cortain conditions of aircraft operation, such as aircraft stationary oF ‘axying, especially in warm climates or low altitude high speed flying, it += an advantage to use a syston which allows direct and individnal bodily air ventilation to all crow menhers whon drossed in normal or apesial flying slothing. 

~ 

4 spesial suit, the air rontilated onit is wornj this is a fabric gament rather like an overall, fittod with a network of floxible tubes terminating in small jots which discharge air directly over the skin ncar the mahn sweat glands. Body hoat is therefore removed by evaporative cooling. 
Tho air ventilated suit has cortain advantagoss it eocls the wearer at sourse and mullifies the insulating effost of tho varions layers of flying elothings 
Tho air *ypply eun be takon fram s ground gonditioning trolley or tapped from main engine compressor, so that the suit san be used undor all eiroumstancess 

=a 

She Tho systdn which conditions tho air supply for sait ventilation is an: :. act adjunetion to tho sabin air sonditioning syston and obtains ite air supply fron the same basic source. 

Air is taken from tho sahin main pressurisation system before the flood flow valve, and flows through an olectrically operated ON/OFF eock into the suit ventilating air eonditioning system. 
Pee ea
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COOLER. 

65+ From the ON/OFF cock, the chargo eae air, which is hot and possibly humid, is passed through an air to air cotlor (Heat Exchanger). The cooling medium for this cooler is rem air ducted from the ram air intake at tho boundary layer fonce on the port side contre section. 

COLD alk UNIT 

66. After passing through the cooler and giving up most of its heat, the partly cooled air is expanded ucross a cooling turbine to further reduce its heat and Cause the water content to form into controllable droplets. 
The cooling system turbine drives a fan coupled to it which draws ram air ‘through the cooling surface of the primary air to air coolers after passing around the fan this cooling air is dischargod to atmosphere. 

GR_EXTRACTOR 

5Te Cold air on leaving the turbine is ducted to a water extractor where the water content is roduced and the air emerges as cold and dry. At temperature sensing clement at the outlet of the water extractor, operates the underheat control valve to by-pass warm engine air into the water extractor to mix with the cold moist air fron the cold air unit, and thereby prevent the moisture ~ Particles from froozing. The sensing eloment operates to open the ynderheat Sontrol valve whon the water extractor outlot temperature drops to 2°C. 

HRA? EXCHANGER 

68. The air now flows through a host exehanger to bo warmed and leaves as warm dry air. This heat exchanger rocsivos its supply of hoat from the initial tapping of hot air, thie sir passos through, and is sontrollod ty, a temperature 
control valvo. 

EUTER AND NON-RSTURN VALVE 

69. After boing re~hosted the warm dry air is filtered and pased through a non-return valve at the rear pressure bulkhead to a manifold fitted inside the abin aft of rear crows floor. 

MANIFOLD rN 
70. The manifold consists of five main components, i.c. sonic venturis, pressure relief valve pressure controller, temperature sensing unit and an overhdat switchs It serves ac a distribution point for the supply of air to individual crew stations, the six sonic venturis onsuro that the flow of air to cach suit is limited to 1 1b/ain. 

MANIFOLD PRESSURE CONTROL wD RELIEF 
71. Daring normal operation, the flow of air to tho manifold ie in excese of that required for tho suits. Pressure in tho manifold is prevented_fron rising stove 18 p.s.i. absolute (3.3 p.s-i. at ground level) ty a relief valve which is held open at the correst setting ty a pressure controller. 
MANIFOLD TBIPER.TURE CONTROL 

72. 4 temperasure sensing eloment projosting into the manifold operates the gvgrheat control, valve should the air temperature in the manifold rise to above 315°C. Operation of this allows tho overheat control valve to out off the supply of hot engine air to the heat oxchangor. 
MANIFOLD OVERHEAT CONTROF, 

73. an overheat owitch is located on the manifold cusing directly below the ‘omperaturo sansing slonent, This switch prevents an uncontrolled temperature 
iat



rise in event of « fault in the dystem. i 
If the tvoperature in ths mnifold rievs to 70°C the overheat switch 

operates the relay to cause the shut off cock to close and rander the completo 
system inoperative. 

pay 

‘The at vach crow mambers position a manually controlled olectrical heater 
is fitted so that each crew member may adjust heating to his individual 
requirsments. 

MAWal. FLOW CONTROL 

75+ 4 manual control to enable vach crew member to adjust the flow of 
ventilating air to his own nood is fitted at cach position. 

SYST FLOW 4UGMENTOR 
76. To componsate for the adverso effect of high altitude, whon available 
supply prossures and flows ere ruducod and tho cold air unit goos out of action 
a flow augnentor coaes into action) a by-pass upstroam of the cold air unit 
allows air to flow through tho angnentor to tho ro-heat oxchanger and onwards 
to the ventilated suits. 

Baws 

Tle After usc tho air from the suits is oxhausted into the cabin and is 
discharged from the cabin with the norm] cabin aire 
GROUND. ON 
78. With aireraft static, suit vuntilation may be affect.d by connecting the 
2" ground conditioning connection on the port undorside of contro section forward 
of front spar to a ground conditioning trolley supplying the necessary air 
supply 

CONTROL SwITCH 
19- The ON/OFF cock is controlled by a master switch in the cabin, manually 
operated, mounted in the aft position on tho starbourd console, or the fully 
automatic overheat switch incorporated in tho manifold. 
BOB BRAY HETNG sysTaL 

TuTRoDueTION & 
80. Provision is made for heating the bomb bay, as tho temperature of the bay 
must not fall below froezing point, when certain stores are carried. ‘The systen 
which can be operated under automstic or manual control draws hot air from the 
engine air supply eystum, mixes it with cold ram air from a cold air intake 
on the dorsal fin, and circulates it throughout tho boub bay. 

pet 
81. Tho rvsultant mixed air is ducted forward and aft in tho bomb bay. 
‘Highteon branch ducts of reducing dismotor fron the main trunking distdbute 
‘the heating air evenly throughout tho longth of tho bomb bay, oxhaust air 
Passes to atmosphere through an exit louvre in tho roar of the port bomb door. 

VINE 
82. The hot gir supply from the ongines is fed to the bomb bay hot air valve. 
4 branch duct also takes hot air to the fin leading odge anti-icing hot air valve. 
The flow of air into the bomb bay via the hot air valve, is olectrically 
controlled, together with o flap type cold air valve, in the bomb bay roof. an 
amplifier wired to four temperature sensin, cleuents dispersed in the bomb bay, 
Causes an actuator to open or closg the hot air valve as necessary to maintain a 
Domb bay temperature of betwoen 10°C to 25°C. Joon 
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GOLD AIR VALVE 
83. wo flush type sir intakee, mounted in the dorsal fin gold ram air to the cold nir valve. This valve ie controlled by sn inching unit, the operation of which is governed by = capillary tube inserted in the duct downstreag of an injector berrel, and 7 maintains a duct temperature of 100°C at the injector outlet. @ 

Tuszet0R * 
84. Hot air fron the hot air velve passes to the injector, : mixing with the cold air from the cold air valve. Swirl vanes in | the injector nozzle ensure. that officient mixing of the air takea | place. The final temperature dewends on the proportion endinitial temperature of the two air supplies. 

QERAn To 
Aurouante 
85. When the main control switch is placed in AUTO, the following © actions take place. 

(a) The lot air v-lve is governed by the temperature sensing \ elenents to maintain the rrect bomb bay tenpernture. 
(v) The cold air valve ic governed by the inching unit to maintain the correct duct temperature. 

KANUAL When the min control switch is laced in MANUAL the following actions take place, 
(a) The hot air valve coues under the control. of thelm INCREASE/DECuFASE switch. of thelmenual 

(>) The cola eir valve ic fully opened and remains open unti system is shut dom. 

QVESHRAT f 
86. If the temperature of the heetige cir in the ducting down- strean of the injector, rises té 130°C, an overheat switch operates to move the hot sir vilve to the closed position, over- riding any other forn,of control at that time. Vhen the duct temp- erature drops to 120°C, the switch returns the hot air v-lve to menual or autonatic control, é 
GOMMROES AED InDTOATORS 
87. These arc mounted on the starboard unner portion of the rear 
crews penel, and consist of :- 

(a) Main control switch. Three positions AUTO-OFP-MANUAL 
(>) Manus Heat control switch. Three positions INC-OFF-DEC, gpting loaded to the OFF position. 
(c) Temperature selector, Fnables the onerator to set the desired bomb-bay tompernture wvier autor-tiec control. 
(4) Bomb bay tempernture inlicator. 

SWINCHING OFF 
88. When the main control switch ic returned to the OFF position the hot air valve closes, then the cold rir valve closes, This Sequence ensures that an uncontrolled temperature rise is avoided. 

~ 
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Fig. 2. Air conditioning system diogram, 
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Fig.3. Air conditioning system installation 
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Fig. 4. Cabin pressure contro! diagram 
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Fig. |. Controts, ar conditioning system. 
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ALRPRAME THERMAL ANTI-ICING 

Reference: AP 4505B Vol 1 (GENERAL and TECHNICAL INFORMATION) 

INTRODUCTION 
1. 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, one for the starboard wing, and one for the fin 
system, each having its own injector barrel and hot and cold air 
valves. Thethree systems ave controlled electrically, three 
distinct circuits being employed. 

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

WING LEADING mozs 
2. Warm air enters a weage shaped duct, which runs the whole 
length of the leading edges, at the transport rib junction. The 
forward edge of the dvct is open to admit warm air to flow to the 
inside of the leading edge skin and then rearwards between the outer 
skin and a corrugated inner skin, which is part of the duct. The 
warm sir gives up its heat to the skin, and exhausts into the space 
between the rear of the wedge shaped duct and the front spar. Out- 
board of the tank bays, a series of holes in the front spar web 
allows the exhaust air to flow rearwards to an exit louvre on the 
underside of the main-plane just forward of the rear spar. 

HNGINE AIR INTAKE LeADTNG gDGRS 
3. ‘The warm air junction 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 lip, and then rearwards 
between each lip and a cerrugated inner skin as in the wings. The 
used air exhausts 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. 

SPLITTER WALLS 

4. A branch pipe, prior te the transport rib junction, feeds 
warm air to a smell duct along 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 

lips used air, through the extractor flap. 

38 iG EDER 

5. 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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exhausts to the space furmed 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 air to flow rearwards, to an exit 
louvre in the form of vertical slots, near the top of the fin, en 
beth sides. 

HOT AIR SUPPLY 

6. Hot air at a temperature and pressure of up to 350°C and 200 
psi, is tapped off the delivery casings of the engines through the 
engine isclotion cocks. 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 cenditioning 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, %o 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 sUPeLY 

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

The ving and intake lips ambient air intakes are in the form 
of electrically actuated flaps (one port, one starboard), the 
amount open determining the cold air supply. These flaps when 
closed, form part of the surface contour, snd are lecated under 
the lower engine air intake lip structure forward of the front 
spar. 

The fin supply enters 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- 
bay heating eystom through a separate cold air valve in a branch 
lust. 

TNJECTOR BARRELS 

8. In this paragraph the operatien 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



nozzle at a considerable velocity and passes through the barrel, 
mixing with, and imparting some of its velocity, to the cold air 
which enters the barrel around the hot air nozzle. Swirl vanes in 
the hot air nozzle induce efficient hot and cold air mixing. At 
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:- 

a. Three iain centrol switches, ene for each system, 
labelled AUTO-OFF-mANUAL. 

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

ce. Three temperature indicators, one for each system, 
calibrated 9-200°C to register the temperature at the injector 
outlet. 

nome: = Before the de-icing systems can function, the ENGINE AIR 
switches on the pressurisation and cabin conditioning control 
Panel must be "ON". 

OPERATION 

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

AUTOMATIC 

11. With the ENGINE AIR switches on, the main control switch is 
Placed to AUTO. The variable cold air intake 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 now 
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, through e magnetic amplifier 
re-adjusts the hot air valve accordingly. 

The cvld air flap actuater is cantrelled by an inching unit. 
This unit senses changes in temperature at the injector outlet by 
means of a fluid filled capillary tube fitted to the barrel outlet 
duct. Arise 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 
cold air flap actuater 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 flep has moved to the correct setting. 

When the system was initially selected to AUTO, the cold air 
flap epened fully, which resulted in too mich cold air supply 80, 
the inching unit will clxse dewn the supply, to the setting 
determined by the mase of het air from the hot air valve. Therefore 
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- Hite 
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. 

TEMPERATURE 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. 

OVERHBAT CIRCUIT 
13. If the temperature of the air on the outlet side of injector 
exceeds 165 + 5°C, an overheat switch in the ducting operates and 
the het air valve is disconnected from AUTO or MANUAL control and 
closed. When the duct temperature drops to 66°C the everheat 
switch returns to normal and the hot air valve is placed back under 
control to AUTO or MANUAL. 

IGE DETECTORS 

14. Provision 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 
ef its ice detector and, when conditions of icing 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 OPERATION 
15. With the ENGINE AIR switches "ON" the main control switch is 
Placed to MANUAL. The variable cold air intake and the extracter 
flap epen fully, and applies a pesitive supply to the MANUAL HEAT 
CONTROL SWITCH. 

A holding of MANUAL CONTROL SWITCH to the INC position epens 
the hot air valve until the temperature indicator registers 1506 
5°C. 

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