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22nd Part of Report

AEROPLANGE AND ARMAMENT EXPERIMENTAL ESTABLISHMENT
BOSCOMBE DOWN

Cenberra lik.2, YD. 954
(2 x dvon Mk.1)

Cabin Temperature and Cold Air Unit Trisls at
Ao & A,E,B,, ot Khartoun and et fden

A, & 41,8, Ref: 6231/7/2/Wevr
Period of Test : July = ldugust 1952

Progress of issue of Report

lo. AAEE/861/1

29153

Doors open,

Bomb Doors open.

, Instollation,

Report No, Title
17th Port AAEE/861/1) VX,165 Longitudinal Stebility and Manoeuvrebility
Tests,
18th - do - Test Fuselege Ground Hood and Hetch Jettison
Trials,
19th - do = VX.,169 TFurther Measurements of Vibration with Bomb

20th - do - VX,169 Meosurement of Vibretion of Aircraft cond
Bombsight ot Bomb Aimer's Stetion with

i

21st - do = + VX,169 Acceptonce Trisls of Bombing ond Pyrotechnic -

J

Summery

Meosurements of oabin temperatures on the ground, with end without the
use of 2 Cooleir Minor and sun awning were made on o Canberre eircreft in

tropieal conditions ot Khortoum,

It is considercd thot the sun owning olone is sufficient to kcep ceobin
temperatures ot o comfortable level and that the odditionol expense aond
complication of ¢ Coolair Minor is unwarranted except for servicing purposks,

Tests were clso mode in the odir under both temperote and tropical
conditions to ossess the degree of cooling afforded by on feC.R.E,9 Gold

4ir Unit,

4t low oltitudes the cabin becomes uncomfortably hot if the C.dlU,
is not used and although the actusl temperoture drop offorded by use of the
unit is small, 2 morked increase in comfort is noticesble if lightweight

clothing 1s vorn.

Modifications to incresse end diffuse the moss flow ot the cabin inlets
oré recommended, perticulor omphesis being mede on the desirsbility of

improved cooling during taxying when the crew ore likely to be
clothing suitable for high »ltitude flying.

This Report is issucd with the aubthority of
/

\ i
( l/!f//\\\ —)\/\
- Air Commodore
Commonding A, & 43,8,

wearing heavy
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1. Introduction

1.1 Gobin temperature tests wero mede on Conborre oireraft YD, 354
under both temporote end tropilecol conditions to assess the degree of
cooling afforded by en A,C.R,E,9 Cold ddr Unit,

1.2 The tests were repeated in different ombient oir temperstures
ot differcnt altitudes to collect evidence for determining the factor to be
used for correcting csbin temperoaturcs to tropicel conditions. The
conclusions drewn from these results will be the subject of o seporete
rcport,

143 Trisls wore medc ot Aden under conditions of high tcmperoture
end hunidity during flight to ascertein the noed for and cffectivencss of
the weter seperetor in the Cold dir System,

1,4 Trisls were mode on the ground to determine the cebin temperatures
reached when the giroraft wes perked in the sun end o comperison wos drown
between the results obtained with the standord bloeck pointed sircroft and
with the forwsrd fuselage covered with white peper to simulete o white
painted finish.

1.5 PFurthor triocls were mede on the ground using o sun owning to
protect the forvard fusclage from the direct roys of the sun,

1.6 Cround cooling trials werc moade to ossess the effectivencss of o
Cold air Minor snd o comporison was effected by conducting o brief test with
a Godfrey R,2000 4ir Conditioning Trolley,

2. Dgscription of Cobin iir Conditioning System

2.1 Conberro ¥D,954 was o stendord sircraft fitted with an instollation
providing for the circuletion of either hot or cold eir or o mixture of both
to the pressurc cebin, Both hot ond cold oir supplies originated from air
bled from the 12th compressor stane of cnch enmine in oonjuncticon viith:=

ag o Teddington electricelly controlled mixing valve.
Eb o Cold air Unit Type 4,C.R.T.9. (C.4.U.).

c; Primery ond secondery oir coolers.

4 2 pressure ratio cenbrrller, (P.R.C.).

The mixing velve, C.i.U,, P,%.C., ond the secondary cooler were
located in the port wing leading edge between the fuseloge ond engine nocelle.
The primory cooler wos fitted in the stbde wing lcading edge close to the
fuseloge.

2,2 The installation wes primerily controlled by three siritches
fitted on the pilot's storboard instrument ponel,  One switch merked "HOT"
ond "COLD" controlled the double acting mixing volve ond by "inching" the
switch the volve could be set to govern the cebin temperature os requirede
The other switches numbered 1 end 2, in conjunction with two rcleys,
controlled the hot air supplios by action of two engine isolotion ococks.
These cocks and also two non-return velves in the seme pipe-lines were
Jocated in the leading edge of the wings closc to the inboord engine ribs.

2,3 The Teddington mixing volve wos o double acting unit whioch oould
be set in any desired position, the position being cormunicoted to the pilot
by on indicator on his stbd. instrument pancl,

2,4 The Cold &ir Unit had o turbine end o conpressor and wos self-
operating, the r,p.me becing regulsted by the quontity of air flowing
through. it.

2,5 Provision wos mede in the system for the fitting of two types of
P.R.C. The Godfrey Type P.R.C., which wos instolled throughout these trials,

/WOS..-...
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preumetically oporated ond locoted in the pipeline between tho mixing

Yalve ond the C.4,U,  Contirol of the air flow in the pipeline wos by en
integral valve in the controller cssembly, The olternative insta)letion

(a Teddington electrically controlled PoR.C.) wos not useds The P.R.C.
controllod the pressure botween the inlet ond outlet of the CedeUs turbine,
ond the outomntic limitotion of the retio to & predetermined figure prevented
the C.A,U. overspeeding,

_2.6 To prevent condensction in the pressurs cabin a woter soperctor
was instolled in the cobin supply line oft of a non return valve behind the
pressurc bulkheoad., . drein wos fitted between tho seporetor ond on outlet
on the port fuscloge skin,

2,7 To pressurise the cebin the gate valves controlling the air supply
from cach engine were opencd by operation of switches on the instrument poncl
(see poras 2.2)s I werm oir was required the tempereture control switch
could bc inched towerds the BOT position, Heeted oir from eoch engine then
flowed through the gete volves and non-return velves to o common pipe line
feeding the hot side of the mixing volve, From this unit the supply possed
through o constent flow volve (set to deliver 8 lbs. oir per minutc{ to the
cobin vie the wotor scperstor ond non-return velve,

2,8 Upon selecting CALD ot the temperature control switch, oir flowed
from the common pipeline through the primery cooler to the cold side of the
nixing volve., From the laotter unit the portly cooled oir possed through the
P.R.C. to the compressor of the C,A.U, “Then the C.4,U, was brought into
operation, oir entered the unit ot the compressor inlet port ond passed from
the compressor into the secondory oocler, From the secondery cooler, the
eir re-entered the G,4.U., ot the twrbine inlet end exponded through the nozzls
ring ond turbine into the supply ucting,

2.9 A diaprammatic representetion of the complete system is shown ot
Fig, 1, ond on instrllotion drewins showing the reletive positions of the
various units appears at Fip.2. It will be noticed thet a supply of air
controlled by a constant flow velve was fed to the rear camera when the
gate velves were open. This sir remsined hot irrespective of the position
of the mixing valve which controlled only the air supplied to the cabin.
Pig.3 shows the arrengement of the C.A.U, instelletion in the port wing and
a sectionel drawing of the A.C,F.E.9 unit eppesrs at Figeshs The ducting
for the roam oir intoke ot the primery ond secondary coolers is showvn ot
Figs. 5 end 6.

2,10 4ir entered the cabin through o pipe pessing through the pressure
bullchead, Toppings in this pipe fed oair through smaller diometer pipes to:-

A fishteil forwerd of the pilot's rudder ber,

A fishtoil ot the bomb cimer's window,

4 diffuser on the port side of the pilot's seot.

6 louvres permitting individual control of the amount ond/or
direotion of ths air flow,

(=T e B o =)

The errengement of the ducting ond the louvres is shown ot Fige7 ond
positions of the individual louvres oppear st Figs. 8 to 13. -

2,11 Canberra oircraft not fitted with o C.A.U, ore supplied (when
unpressurised) with ventiloting eir through a rom odr scoop fitted forword
of the conopy. Air passed through o non roturn volve end woter trop, to o
louvre on the port side instrument ponel, (see Fige7). This instollation
vos not normolly intended for use where o C,4.U, wos fitted, but weos
installed for these trinls to permit comparotive tests to be made os
between o standord aircraft ond one fitted with o C.A,U.

3, Description of Instrumentotion

3.1 The airvernft wos fitted with o bolonced bridge outside odr i
thermomoter ond thermometer pencils proteoted from radistion ot the following

positions. /(0»)..0..-.




Pilot's hood
Pilot's hands
Pilot's feet
Novigator's honds
Navigotor's feet
Bomb eimer's hends
Bomb cdimer's feet
acounulators

Gyro instruments
Radio,

gSeatod position,

PR HO O OP

A psychromster wes instolled in the ocabin to record the inside humidity
during the triols,

3,2 An outometic observer wes fitted in the bomb bay to record the
behaviour of the cold eir system during the trisls, Fig,14 shows the
orrsngemont of the auto observer ponel together with the instrumentetion
ond ranges, Thermometer pencils end pressurc toppings necesscry for operotion
of the auto~obsérver instruments were introduced as required in the cold =2ir
system pipes as shown at Figs, 15 ond 16,

] 3¢3 4 soperote auto-observer instelled in the cebin for performance
trisls wes uscd to collect doto for determining the engine compressor
pressures evaileble for opersting the C,A,U, during ground running and
toxying,

3,4 In order to record zngine bay temperctures whilst the circroft
wos porked in the sun end else during ground running, thermocouples were
fitted in the port engine necelle in the following positions end o remote
reading instrument supplicd which could be plugged into o socket in the
port wheel well,

Engine compressor casing.

Torch ignitor cep.

Booster coil cesc. i - -
Top reor side main sper neer Jjet pipe.

Inside nocelle skin on centre line, 5" oft of mein spor.

Q0o

4. Description of triels

Le1 'Trials were Pirst mode under tenperate conditions at Boscombe
Down prior to deperturc for Khortoums The circreft wes flown ot 1500!
I.C.dauN. ot 200, 325 ond 485 knots L.:eS. until cebin temperatures hod
stobilised with the cir selected fully colds During tho 200 end 485 knot
levels the edr supply wes sclected HOT for o few minutes after toke-off
in order to induce some hest into ths ocbin end thereby fecilitate
assessment of the rate of subscquent cooling offorded by the C.u.Us vhen
the oir was selected COLD, During the 325 knot level the cir was selected
COLD until stabilised terperstures had been recorded ond then the gate
velves were closed thus blenking off oll ventiletion o the cabin, The
subsequent termersture risc wes noteds. Autometic observer shots were token
ot minute intervels during esch flight,

4e2? A Godfrey 3.6 to 1 PR.C. hod boen installed during the triols
mode ot Boscombe Down but prior to deperture for Khertoum this was removed
ond o similor unit set to control the pressure ratio ot 4e2 to 1 wos
installed, This unit wes found to be unscrvicesble on errivel at Khortoun
ond the 3.6 to 1 P.R.C. wos refitted for the remoinder of the tricls.

Ly3 During trensit from Boscombe Down to Cestel Benito ond Castel
Benito to Wodi-Seidna, o record wes kept of the cobin temperatures
together with the position of the olr conditioning control which wos
regulated as required to maintrin confort,

Lol During the flight triols made under tropical conditions ot
Khartoum the oircroft wes flown et 3000' I,Ced N. at 200 ond 325 knots T.A.S,

/until.......
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until cabin temperstures hed stobilised, The trinl was ropeated at both
speeds, firstly with the C.A.U.. in opersation ond the rom eir ventilotion off,
and scoondly (in order to cssess thu degree of oooling offorded by the C.d,U.)
with the rem ocir on ond C,A,U, off, < comporison of the results will be as
between ¢ stonderd cireraft end one fitted with e C,.U., Sustoined low level
flying ot speoeds in exoess of 325 knots wos found to bo improoticeble owing
to severe bumpiness, uutometic dbserver shots werc token ot minute intorvels
during the trials mode with the C,4,Us on,.

4e5 The 200 knot level wos repeeted et night (under conditions of no
soler rodiction) both with C,u,U, on and rom cir off ond vice versse These
triols verc mode immediotely ofter sundown whilst the O.a.Te wos still high
cnough to cllow a reasonsble comporison to be mede between these resulds and
those obtoined during the day. Jutomotic observer shots were again token et
minute intervels throughout the flight with the C.4,U. on.

Le6 During the trisls slready dcsoribed, porticulor ettention wes peid
to the different levels of comfort experienced during toxying, both with end
without using the C,4,U, The different terperctures recorded under the two
conditions ore shown in tabulated oand grophical form together with the
results of the flight triesls (see para, 5630 )4

Le7 Ground temperature trials were mode to determine the cebin
tomperotures end humidities recched when $he o/c wos parked in the sun,
Comparetive trisls were mede under the following conditions:-

(2) Stondard bleck peainted airoroft without protective covering or
sun oavming,

(b) Stonderd black eircreft with sun awning in situ in co-njunction
with o white pointed nose bag ond & strip of fibregless over
forward fusclege.

(c) Pront fusclege covered with white poper to simulote o white pointed
finish. -

Two views showing the arrengement of the sun owning end white peper
covering are shown at Figs. 43 ond L.

4e8 Triols were mede to determine the degree of cooling afforded by en
#.L. avietion Cooleir lMinor, (en air conditioning unit designed for usc on
aircreft porked in the tropicel sun)e The aircroft hed been porked in the
sun frow 09,30 to 15,00 hours, The Coolodr Minor was storted at 15,00 hours
during triels (2) ond (b) obove and cooling continued for 30 minutes.
Pollowing completion of cooling, the subsequent rise in cabin temperatures
was recorded at 5 minute intervals for a further 30 minutes.,

4.9 Prior to deperture for Khertoum the Coolair Minor hod been tried
at Boscorbe Down end it hod been found expedient to provide o diffuser nozzle
at the outlet of the delivery hosc to distribute the flow of cooling oir
more cvenly throughout the cabin, The diffuser was used during all the
subsequent triols made at Khortoum, 4 photogreph of the diffuser appears
ot Fig.45 ond the arrangement of the Cooleir Minor during the trials is

shown at Fig. 46.

Le10 A Godfrey R. 2000, Air conditioning Trolley wos availaoble for o
short period ond brief cooling trials were mode under condition (v) obove
to obtain further dota on the cmount of flow reguired to provide sdequate
cooling. « genersl arrangement of the Godfrey R.2000 Trolley is shown ot

Fig. Li-? .

L.11 Enginc bay temperatures ot the positions mentioned in porae ek
were noted whilst the aircraft was perked in the sun during ?rial (b
(see poro. be7)s These temperatures were olso recorded during ground

running.
g /)+01200.ou¢o
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4e12 In order to colleot doto on possible csnopy misting tho odrcraft
was flown from Khortoun to dden at 43,000' I,C.A.N, This wos followed by ¢
maximum rote desoent at 6500 RP.M,, Iooh No, 8 and dive brekes out, to
3,000' I,C.A,N. (meon descent rote opprox, 8000 f£t. per minute), The odr
conditioning control remeined in the hot position throughout tho transit
flight end during the first port of the descent but wos seleoted cold ot
20,000" I,0,4,N, during the descent,

4e13 In order to determine the need for and offectivencss of the woter
seperetor, trials were mede et Aden both with ond without the separator,
The trisls included flights ot 100 ft, over the sea ot various oirspeeds up
to 350 knots L.A«S. The cffects of fogging end condensation in the cebin
were noted during the flights both with end without the aeparstor.

5 Results of Trials

51 The tobulated results of the triels mede at Boscombe Down are
shown et Figs. 17 to 19, and grephs showing the tempersturc renges throughout
the flighte eppeor at Figs. 20 to 22, A groph showing the overage cebin
temperstures during the same £lights is shown et Fig. 23,

5,2 The tebulated results observed during the trensit flights ere
given st Fig.2L end grephs showing changes in the everege cebin temperature
end position of the eir conditioning control oppeor at Figs., 25 end 26,

5.3 Results of the triels mede during daylight et Xhertoum are given
in tabuleted form ot Pigs., 27 to 30, Grephs showing the temperature chenges
recorded during the flights oppecr ot Figs, 31 to 34 ond comporisons of the
everage osbin temperstures ore shown ot Figs. 35 ond 36, The results of the
triols made st night orc similerly shown ot Figs. 27 to 41 whilst a comporison
ef the everoge cebin temperctures recorded during the three flights mede with
the Cen.U, on is shown ot Fig. 42,

5.4 The temperstures recorded whilst the airercft wes perked in the sun
and during the subscquent cooling trisls are shown in tabulated forn at
Figs. 48 to 50, “The averege cobin tomporetures under the three conditions
(see poro. 4e7) is shown ot Fig, 51,

5.5 Enzine bey termperctures recorded both during ground running ond
with engines stopped are riven ot Figs. 52 end 53,

5.6 The offects of canepy misting during o repid descent ond of fozging
up during flight without o weter separator orc disocussed fully at poras, 8.2
and 9,2,

6. Discussion on Cabin Temperature Results

6e1 During all the csbin tempereture trisls the sverage of the seven
temperatures recorded at distributed points in the cebin is considered to
be the best possible indicstion as to the degree of henting or cooling
afforded by the oir conditioning systems

The individunl messurements ot the seme seven positions show the
effective distribution of the heating or ccoling supplieds

6.2 The emount of cnoling afforded $o the cobin by the Cold Adr Unit
and its associated components eppeered to the crew to be reosonsbly evenly
distributed elthough the temperoture ronge ot the stobilised condition of
cach trial was well obove the 5°C recommended by &.P. 970, Fige 5S4 shows the
actusl temperzturc renges rccorded during the flights with cold air on and
each groph hes similor tendeneies, the tempersture at the pilots feet being
the lowest in esch case, It would ocppear that diversion of some of the flow
from this position to other parts of the cabin would result in ~ more even
temperature distributions The seme Aducting is slso used for supplying hected
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air to the cabin ot high altitudy and reference to tho results of %

transit flights ot Figs. 24, 25 ond 26 will show thot with on O.ﬂ.T?e

low?r than ~ 5500 the hooting supply is ample to maintein comfortable

cabin temperatures (avorage 249C) even without selecting fully hot, With

an O.A.Tt of = 759 (4,P. 970's minimum esscenbisl requirementg it is unlikely
thot cabin temperstures will £all below zero and they should certeinly remein
well sbove =5°C (4.2, 970 minimum roquirement).

. .The temperature at the pilot's feet during trensit wes ot all times
within 40C of cobin average and it would appecr thot alteretions to the
supply ducting to Aistribute the cold sir more evenly would hove edverse
efi‘egts on the hot sir supply, The rresent erreongerent cen then be
considered satisfactory es regords distribution of the sir but further
comments and suggestions for modifications cre discussed of para, 6,12,

643 Reference to Figs, 17 to 22 giving the results of the trials
made ot Bgscombe Down will show thst a cold eir system is desirable for low
level flying (perticulorly at high speeds) even under tempersture conditions,

The avercge stobilised cobin tempereture with on 0,4,T. of 120C wes 10C
higher then AF, 970 mox. (33°C) at 485 knots, the highest tempersture
recorded being 40°C et the bomb oimers hends. It eppeers that & grecter
degree of ccoling is desirable even under tewperate conditions,

6s4 During the 325 knot £light ot Boscombe Down the gete valves were
closed ofter the temperatures hnd stobilised end although the tempersture.,
at the pilots heod showed o rise of 17°C in 15 minutes, the everocge tempersture
rose only 49C in the sems time clthough no ventileting eir from eny source
was being provided.

6.5 The results of the trials mede ot Khertoum sre shown ot Figs, 27
to 41 end comparison of the aversge stebilised temperctures rccorded during
these flights both with end without using the C,d.U. show thet only 2 smell
reduction is efforded by the unit.

At 200 knots the averace temperature with ren oir ventiletion only wos
50°C end with C,A.U. on wes 4°C lower. At 325 knots the overese tempercture
with rom eir only was 50°C end with C.A.U. on was 9°C lower,

Although the tempereture reduction efforded by the C,A,U, was smell
the difference in crow comfort was very noticescble and out of 2ll propcrtion
to the smell chenge in actual temperature,

It is epperent that tempersture elone is not on indicetion as to oomfort
and that other factors ore assisting the meintewence of comfort ot temperatures
normslly considered excessive, t is well known thet o more reliable index
of crew comfort is given by "effective termperature"; but due to uncertainty
in the measurement of humidity, this has not been quoted,

Acute discomfort wes experienced by the orew when flying under
oconditions of raom air ventiletion only. Rapid perspiretion continued
throughout these flights and the relief felt when the CeddUs wes eventuelly
switched on was immedistely noticeable notwithstonding o negligible
temperature drop. .

6.6 The relative humidity in the cebin under conditions of ram adr
ventilation only, voried from 71 to 8%% ond with C.a.Us on from 62 to 7Gb,

The lower relative humidity could scoount for e small improvement in
comfort during the trials with cold air on but the effect of this would be
hordly noticesble, The vastly dmproved comfort level with cold air on is
probably due to msinteining o high flow of cool air over each orew member
thus assisting the rapid eveporation of porspirstion resulting in o fecling
of comparctive comfort, It is probable thot flight under conditions of
ram air ventilotion only would not hove becn so severcly uncomfortable if
the oir hod been supplicd in the same positicons and in the some gquontity as
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the oold eir., It wrs howevor supplied through one louvre only (sce Fig,7)
and in insufficient quantity to prevent stognation in most ports of the
cabin, The amount of ram sir supplicd through this louvre wos in feot loss
than 1/40th, of thot supplicd by the C.&4U,

6.7 The olothing worn during the triecls veried but wes ot all times
roughly the equivelent of e lightwoight flying sult over vest and trunks.

The degree of comfort attributed in pers. 6,6 to a flow of oool air to
assist evaporntion of perspirction would not be so cpperent if heovier
clothing were worn in ircpsration for high altitude flying with the possible
necessity of abendoning the airoreft,

6,8 The actusl temperatwres recorded during flights made et 20,000 and
30,000 feet with oold cir on are not quoted in this report but it wes
particularly noticed that the crew members who hed beoome ecclimetised to
tropicol conditions beson to feel very cold when the overcge cabin temperaturc
fell to 20°C. With en evernge temperature of 40°C each orew membor felt
comfortable although this is 7°C zhove AP, 970 mexe \.P. 970 minimum
requirement of «5°C moy bLe sufficient to mointodin comforteble conditions
for persons accustomed to arctic conditions but the heating supply necessery
to meet this requirement would be inadequate during high sltitude flying
by crew members scelimatised to higher temperctures, ’

6,9 The comfort levels noted during these tricls cre so widely divergaont
from A,P. 970 requircments thet it is considered unwise to attempt to correct
the recorded temperatures to A.P. 970 mex, ond wmin, conditions.

In view of the probeble ineccuracy of any correction factor used for this
purpose the resultant figures w,ull in eny cese be misleading.

6,10 Duringz texying the C.A.U, wes found to be of but little assistance
in lowering the cobin temperatures and generally uncomforteble conditions
prevailed until teke-off when o strong streem of cold oir emitted from the
louvres offered immediete relief,

It is egein pointed cut that lizhtweisht clothing wes worn during these
trials end the relief afforded by the ecirstresm would not be so apparent if
heavier clothing had been worn in enticipation of hish eltitude flying,

Conditions whilst toxyins with the C,u.U. on were hoticeebly more
comfortable than with rom air only and this wes due meinly to the emission
of puffs of cooling »ir when the engine R.P.M. were occesionolly incressed,
thus preventing the stognetion which preveils in the cebin when rom odr
only is selected,

Fig., 55 shows the enginc compressor pressures avoiloble for eir
conditioning during ground running snd it is epporent thot only o negligible
degree of cooling con be expected during the normel taxying renge.

The voristion in mass flown with engine delivery pressure is shown ot
Fig, 56. At the pressures avoilsble during texying & moss flow in excess
of L 1bs, of ezir per minute is unlikely even during short bursis.

6,11 The entry of 21l air supplied to the csbin is via the louvres ond
fishtails shown at Figs. 7 to 13,

Although the present distribution of the conditioning air supply is
generelly satisfactory 1t is considered that a substontial increase in moss
flow will be necessory if comfort is to be achieved by low cabin temperature.:
rether then by the present srrangement of localised cold air streams.

The former is obviously prefersble if it con be cttained os it would
provide for heavily clad crew members.
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The existing errongement of cebin ducting is however unsuiteble for
the provision of o naas {low groater than thet olready supplied as tho
strong oirstroams cxpericnoed ot high speeds beoernw distracting and the
design of the louvres is such that any attempt to defleot the sir stroam
results in a corresponding reduction in area of the internel orifice, thereby
restricting the flow.

The provision of o greoter moss flow would then neocssitate either an
increase in the nuwber of lowvres of preferably a redesigned form of ducting
with provision for Aiffusing the swpply of air at the oebin inlets,

& length of perforated tubing surrounding the cebin ot two or more
different levels is enviseged os o possible improvement but only if the moss
flow is substontielly inoreased., The provision of this form of ducting
without improving the supply could result only in reducing the cooling
effects provided by the existihg localised cold odr streams.

An improved form of louvre permitting deflection of the odr stream in
eny desired direction without offecting the flow would however improve the
present system, Reference to Pig,7 will show thot epert from the louvres
the only sir supply tn the csbin is vie two fishbails end one smell diffuser,
Closure of the louvres end ¢iffuser, (which could heppen during flight by
independant aircrew action) would heevily restriot the flow and possibly
ocut the supply to o level less thon the cebin lesk rate thereby preventing
effecti;e pressurisetion, perticularly if the fishtails beceme demeged (see
Fis. 13 .

6,12 Except whilst porked in the sun and during subsequent texying
the tomperatures et tho eccumuletors, radio ond gyro instruments ore not
likely to exceed the A.,P., 970 moximum of 55°C elthough reference to Fig.24
shows thet the temperstures et the accurmulebors fell below AP, 970 minimum
(C°C) during the tronsit flicht at 42,000 £, with 0.4 T =57°C,

The actusl tempersture recordsd wes =590 end this would become
substentially lower et the 4,P, 970 minimum essenticl condition (=75°C),

6,13 Followinz the low level flights at Khortoum it was discovered
that the hot air su ply fed to the rear comere hed melted the geletine
emulsion on the filter,

Reference to Fig, 1, will show thot the eir supplied ot this position
is topped directly into the engine compressor line and is aslways hot
irrespective of the position of the cebin conditioning control. The temperature
of the air emitted ot the camere wos not recorded but reference to Fig. 57
shows thot it could be as high as 2500C,

The provision of a thermostetic unit to control the supply ot this
position eppeers desirable slthough diversion of some of the flow to the
scoumulator bey (see pora. 6.12) might stop recurrance of this trouble
providing sufficient heat is still maintained under lov terperature conditions.

7. Discussion on ground temperature and cooling results

7.1 The cobin temperetures recorded whilst the airereft wes garked
in the sun ond during subsequent cooling triels with the Coolair Minor ond
R2000trolleys are given st Figs., 48 to 51,

7.2 If the standord black painted eircrafi remeins in the sun
unprotected, the temperatures throughout the cobin become‘excessive_and
21l metal ports become too hot to touch with the naked skin, The highest
terperature recorded wes 81°C at the pilots heed when O.AsT, was K10,
The everage temperature wos 68°C and the range between the highest and
lowest temperztures wos 210C, Buckles of porachute hornesses left in the
seots became so hot that fitment of the perachute wos on unoamf?rtoble
process and the hot uetel perts could be felt through the clothing, Enbry
into the cobin wos diffioult in view of the high temperstures of the metol
/structreeeses
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eround the door ond vitel oontrols were too hot to touch unless gloves
wore worn,

Te3 Steps teken to keep the temperatures ot comfortable levels included
use of the sun owning depicted ot Fipeli3e  The hichest osbin temporature
recorded whilst the owning wes in situ wos 479C at the pilot's feet when
0. AsTy was 4109C, The overoge temperoture wos 46°C ond the ronge between
highest ond lowest temperstures was only 30G,

?o eirorew acclimotised to tropicel oonditions the rise of 5°C on
entering the cabin wos not uncomfortable: in foct entry offered shelter from

the ﬂ%rect rays of the sun end conditions were more tolerable than when
stending outside unsheltered.

The ewning wes used throughout the trisls mede at Khortoum and wes
lef$ in position during storting up end removed only when the pilot signalled
"chocks oway'. The subsequent rises in cebin temperatures whilst taxying
voried from 3 to 6°C in en avercge toxying time of 5 minutes.

7ol Further triels with the forwerd fuselege covered with white paper
es _shown ot Fig,lh resulted in o moxirum tempcreture et the pilot's hands of
63°C when O.4.T. wos 41°C, The overege temperature was 560C end the renge
between highest ond lowest temperstures was 13°C,

Entry into the csbin under these conditions wes still uncomforteble but
o morked improvement on the conditions thet preveiled during the trisl without
protection.

The effect of o white pointed finish on cebin terperatures during texying
end in £light could not be tried but the results obteined during ground trials
show substentisl rcductions in temporetures end it is considered thet o marked
improvement would be noticed during flight,

Fige 44 shows the white peper costing extending over the pilots cenopy
as fer a3 o stroirht line drewn between the two cericls. It wes found that
this did not affect the ronpe of vision of the pilot when his horness wos
festened, in fact the cover could be extended o further 6" forwerd on the
centre line of the aircraft with o praducl sweep bock to the tops of the
serigls, The coolins odventeges of reducine the area of trensparency ore
obvious, end since the 2lterabtion is so simple it is felt thot Service
experience should be obteined by Squedrons in troplcal erecos.

745 The coolin~ trials mede with o Cooloir Hinor showed & drop in
everage cebin tempercture of 18°C in 30 winubes with on unprotected sircroft
and 7°C in 30 minutcs when the owning wos in situ,

The subsequent rises in tempersture when cooling cessed were respectively
7 and 5°C in 30 minutes. In view of the successful results cbtained with
the ewning it is considered that the depgree of cooline afforded by the
Cooleir Minor does not merit its use for cabin cooling on this type of
aircraf't, Entry of the lerge diameter hose through the small dnorwey
restricts the spece eveileble for servicing ond this method of introducing
cooliny air is not recommended. -

746 Aithough use of the Cooledr Minor for cabin cooling is considered
unnecessary it has been employed successfully for meintaining suitable
working oonditions for servicing personnel (not necessarily in the cobin),

The rate of flow and temperature of the olr suppliedsre insufficient
to ceuse o Thysionl shock “ue t~ tro ropdd cooldng anlt this trolley is ideally
sulted for the purpose stated,

7.7 Bricf cooling trisls mode with a Godfrey R.2000 Air Conditioning
Trolley resulted in o drop in average temperaturs from 48 %o 320C in 10
minutes, The O wos 41°C ond sun awning wes in sibu,

/ThiSoooo--o

A

»

R




- 13-

This result howevor wos only Lo be expeoted with a trolley hoving
the ospaolty to onol large pessenger sircrafi,

8. Disoussion of Cannpy Mistine Test

8,1 During the hirh oltitule transit flight preceding the maximum
rate of descent for agssesning cenopy mistine offects, the whole cenopy
forward of the serisls iced un between the sandwich leyers., The aircraft
had to be flown on instruments throurhdut the £lisht os the only part of
the canopy forwverd of the seriols thrruch which vision wes possible wes
within o 2" radius of the air inlet. The D,V. penel remeined cleor but its
position is not suiteble for constent uscs

The icinz cppesred to be on the inner surfoce of the outer canopy
leyer end formed ropidly on climbing above 30,000 ft. During descent the
ice thowed rapidly below 30,000 £t. end ot 5,000 £'t, the conopy wes
procticelly clesr except for weber droplets which remeined for some tihae,

8,2 Misting on the inside of the cenopy occurred during the desoent
but owing to the presence of the ice between the loyers on essessment of
the effect of misting on forword vision could not he mede.

The misting did not cppeor to be severe; it could be wiped off easily
with the hend without repidiy reforming end cleared quickly et low altitude,

9, Discussion on woter separstor tricls

9.1 Trisls to essess the need for ond effectiveness of a woter seperator
were mede ot Aden where it was hoped conditions of high humidity end
tempersture would preveil, The actuol conditions experienced during the trisl
(0.4 T. 34C ond R.H, 507%) were not os severe os was expected but the necessity
of & seperctor wos esteblished,

9.2 The triel with the woter seperstor removed wes mode et 100 feet
over the sce end within o few minutes efter take-off the reor portion of
the cebin hod become so hadly forred up thet instruments only 15" awey from
the observers eyc could not be resd.

The jets of vepour emitted from the lewvres vere sbout 12" long at 200
knots and increased to obout 30" long et 350 knotse

Waker condensed on 21l the cebin structure and ran in rivulets to form
puddles on the flcor,

Phe forword cobin remained feirly clear elthough the bomb cimer's
window wes quickly covered with weter drops which ren down to form 2 puddle
ot the bottom of the window, The pilot's position remained clear the whole
time ond no misting occurred on the conspy. This is plainly due to soler
redistion ond it is probable thet st night the ebsence of solar radistion
combined with the effects of higher humidity would cause severe fogging in
the whole of the oobin, Fogging to the extent sioted showed no chonge ot
eltitudes up to 4,000 ft. but theresfter grodually decrecsed until b
7,000 ft. opnly short jets of vapour were emitted from the louvres end the
csbin was olear throughout.

9.3 Reinstolletion of the water separator followip,; by o repeat of
the previous trials resulted in no fogging or condensetion.

The louvres Aid ot times emit short Jets of vepour but these rapidly
dispersed ond csused no enbarrasssment, Minor fégging mey oceur under
conditions of hipgher humidity but should not be severe,

10, Discussion on the Cold Air System

10,1 The overall performonce of the installotion wos disappointing
due moinly to the low engine compressor progsures ob low R, P M omd the
resultent smoll moss flow.
/1 0020 (X NN )
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10,2 The loss of performance ot low engine speeds could be slightly
improved by inoreasine the diometer of the bish pressure pipes but the
increase in flow thus derived connot be oxpooted to be substentiel,

10,3 During the triels a2t Khortoum the cabin outlet ®emperatures were
approximetely 110C below the everage cabin tempersture end more efficient
use of the oold cir supplicd to the cobin mizht be obtained by installing
beffles in the region of the discharpge volve,

10,4 Grophs showine tompersture end presswre varistions in the cold
oir systew ore shown ot Figs, 57 end 58 whilst vorintion in pressure raotio
with engine delivery pressure is shown ot Fige59, From the latter it
appenrs unlikely thot pressure ratios in excess of 3,6 to 1 will be attained
and as the unit is alreedy sulteble for operstion et o ratio of 42 to 1
it mpy be possible to discord the PoR.C.  Further triels with en improved
production version of the system moy substontiobte these observations,

10,5 4 mass flow sufficient to cool the csbin during texying can never
be ettoined with the present system which derives its supply of oir from
the engine compressor oasing,

The provision of seperate engine driven compressors could however provi.:
an adequete supply of ventilating air which due to inefficiency of the heat
exchengers during toxying moy not be delivered ot very low temperatures but
would prevent starnstion in the cohin and possibly keep the terperatures
lower then does the present arrangement,

10,6 Tie, 60 shows the nbserved verictions in mass flow with indiceted
air speed and it is noted that the flow does not meterielly increcse ot
speeds in excess of 350 knots,

11, Defects experienced during Cold Air Unit triels

11,1  Apart from the unserviceebility of the 4e2 to 1 PeR.Cs mentioned
in pers. 4e2 £1l mejor components in the system beheved in o satisfectory
menner throu~hout the triels, althou~h some troubles werc cxperienced with
ancilliery equipment (sec below).

11,2 The screwed type of pipe connection used for the hi~h pressure
pipe run betwoen the pote velve ond Teddinglon control velve was moted
with threeds of like moterisl which picked up when atterpts were mede to
tighten or loosen the joint,

Bad leaks hod occurred at these joints snd an improved method of mating
the pipes is desirable,

1443 The clamped type of pipe coupling used elsewhere in the system
is generally setisfectory but prone to overtightening, Feilure of o olomp
during the triels wos ettributed $o this and o redesigned clamp to prevent
overtightening is rccommendeds

11,4 Pipe le~ming on the system had been carried over the pipe joints
nreventing eosy inspoction ond socess. It is considered thet the amount
of heat lost by orgission of legging from the reglon of the joints would be
nesligible.

11,5 Foiluwre of the Qiephrasm in the port enmine A.C,U, led to strong
kerosine fumes entering the cobin vie the cold eir systems The teppings
in the engine compressor casing for the cold eir system ond for the
pressure line to the A.C.Us ere closely spaced and o wider spooinr should
prevent recurrence of this trouble.

12, Conclusions ond Recommendetions

12,1 The stobilised cebin temperobtures reached whilst toxying ond
during 21l conditions of low level flying in tropicel conditions with the
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C.A U, in operstion arc in cxcess of the A.P. 970 recommended meximum (33°C)
but providing the crew are acclimetised to high temperatures end wear light-
welght clothing, comfort is mointeined ot o sotisfectory level by virtue of
the Jjots of cooling oir emitted from the louvres,

Although the cebin conditions ere o morked dmprovement over those
preveiling in an edrcraft not fitted with o C.d.U,, it dis considered thet
the degree of cooling afforded by the unit will be insufficient to medntain
comfort if the crew are heavily oled in preparestion for high altitude flying.

Modificetions to inoresse substantinlly the moess flow cnd to diffuse its
entry into the cebin are recommendsd, perticularly ot the low engine R.P.1,
used whilst toxying.

12,2 The results of the ground tempercture ond ocooling triols leed
to o recommendation that the eircreft be finished with o glossy white surfece
particulorly over the upper swfece of the forwerd fuselege and conopys Sun
swnings should be introduced 2s stenderd cquipment ond consist of white conves
stretched over collopseble structures to permit simple storage end transit,

Coolins trolleys ore not necessery for prepoaring the cebin for the
eircrew but should be introduced in small numbers for serviecing use,

There the introductinn of coolin~ air to on eirecroft cabin is necessary
it is reccrmended that the sunply from the cooling trolley be fed into the
eircraft's normel ductine by meens of an odeptor (for attachment of the
delivery hose) which sheuld be situnted externally €y 1in the wheel well,
This would leave the cabin dnorwey froe of resbrictions end permit eesier
ecoess Tfor servicine persocnnel.

12,3 It is recormended that the hot air supply to the reor cemere be
controlled os requirc? to prevent Jdemoge to the cemerrs filters and thet
additional heetinz be provided ot the ccoumulsabors.

7 ¥

12,4 The weter separator is on essentisl component of the cold eir

systen ond should remein Iitel,

If* the mess flow is increased o laorger capocibty sepercstor mey be
necessary.

13, Further develounments

13,1 Further triels will be neccessery if the cold eir system is modified
in accordance with the rocomwndetions mode in perz. 1241,

A repest of the tricls made et Khartoun mey however be unnecessary end
o comparison of results with those olreody obteined under temperate conditions
may be sufficient,

13,2 The results of cebin heating trials made in the UK, after return
from Khartoum will be the subject of a separate report.
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Yiew of secondary. cooler intake (port)

FIG.5.

Yiew of primary cooler intake (sth).
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(View of louvres on stb side of cabin:
TGIL.

[Yiew ol {htail forward of rudder bar;
[FIG.13.

R EAEE NEG. Neo 15941,




COLDAIR UNIT AUTOMATIC OBSERVER
INSTRUMENTATION AND RANGES.
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Conberra WD, 954

Tripl wade ot Boscombe Dovn on 9, 6,52

Start up 1825 hrs,

Taxi 1826-1830 ks,

T 6,3, 200 knots

albitule 1500 £4, I, Ceste N,

Toke=off 1871 hrs,
Outside R.H, ko

‘[Locel time 1826 [1830 11832 11835 1840 [1845 1850 1855 1900 #1905
rEngine Port 2500 7700 16200 $200 {6200 £200 B100 B100 b700
oo, Sthd, 2600 {7700 [6200 J6200 16200 200 B100 H100 £700
Cebin Inlet 26 110 160+ [ GO+[ 2 0 0 0 0
Ilemp Outlet 25 125 128 130 {28 ]25 22 122 [22
Bneine Port 60 |210] 15011501150 {150 {150 |150 {190
2utle‘b Stba. 70 [210| 1501 150| 150 | 150 | 150 { 140 | 190
ChD,
Engine Port 6 701 291 29] 291 29| 281 28] 46
Outlet Sthd, 6 | 70| 29| 281 231 28 | 27 | 271 47
Press,
Turbine Inlet 25 25 22 22 22 25 25
Temp Outlet 20 0 ] 0 0 0 0
Tarbine Tnlet T | &7 33123 | 22 | 22 ] &LO
Press., Outlet 51 5 23R A 8
Compressor | Inlet 3 50 25 1 15 | 15 1 151 31
CSS. Outlet 2 27 LoVt 24 1231 231 k2
ompressor | Inlet 30 35 ROy LOT 35 ] 351 L5
emp, Outlet 80 _ 731751751 80 |
rimory Inlet
charre Outlet
Temp.
Air Terp ot | Inlet 30 4.0 10| L0 T O T LOT L5
Primary I Outlet 25 25 201 204} 20| 201 20
[Heot Exch. !
ir Temp.-oublet Sce.Hb.Bx, 30 30 35 35§ 35 351 40
\ir Fress.-intokc Prir. Hi,Ex.kts. 170 1180 160 }160 1200
ress, Diff.o/C Prim,Ht. Ex. ks, 130 {130 [120 {120 1150
1C.F. V., Outlet Temp. 110 | 75 70 | 60 50
Venturi C.i.U, Press. 0 7 2 = 2 2 3
Primory cherse inlet press. 3 - 61 20| 20 1 18 1 181 37
¢ssure Retio 1 2,6 2.25] 2,21 2.2,2,2512,
2ss Flow lbs/min, " 9,6 12,1112,1111,9111.8 17,9
C.leUs  ReP.M. 14100 39000 39000' 41.80044, 80039000
Cebin Pilots : 30 32 301 32 331 35 30 | 28 | 28| 28
Temperatures | Heod
Pilots
Hands 26 28 28 30| 321 31 28 | 25 {2k | 24
Pilots
Feet 22 25 22 301 31 26 | 22 19 18 1 18
Novs.
Honds 26 29 304 30 301 32 30 | 29 28 | 28
Novs,
Feet 20 25 271 28| 28] 29 29 | 28 | 28 28
B. 4’\. ‘S
Honds 26 30 ol 3 32 335 | 33 | 33 32 32 N
B.A.'s ]
Feet 23 27 27 2 281 2 28 | 28 1 271 17 |
‘wwverape Cobin Temm. 25 28 581 30| 31| 31 ] 281 27 [ 261 2t
.accumulators 20 22 D] 25| 26] 28] 281 28 | 28] 2¢
Gyro_Insts. 52 123 | 2u] 25| 261 28 25 | 25 [22 | 27 ]
Ralio 55 150 | oL | 25] 261 28] 281 27 1251 25 |
“True Osdke Ts 75 145 | 131 121 12, 12| 12 | 12 [12] 12 |
% R.H, in Caobin b e ]
Remorks ——Cold Air———l Hot Adrsle. o Cold ddr .. —--»

L

Cloud. 6/10 ot 1700' L.C,J.N.
Pilot feolt cool ot 1900 hours,
Observer comfortoble throushout £lirht,

-t




Pigp, 18
anberra WD, 954 Trial mode ot Bosoombe Down on 9,6,52
Uttt ue 1100 hrs, Toxi 1101=1107 hrs, Takeg=nf{f 1108 hra,
L.4.8. 325 knobs Altitude 1500 £t.ICAN  Oubside R.H, 983
Loc_ml Time T100[1107[111011115]1120] 1125113011135 10145 1150
En?ln.u . Port 18001 17001 5700] 5400} 64.00] 61.0016500 1650016500 5600
IR P M Sthd. 1900{2200{5700] 5500{6400]64.00 6500 650016500 5600
Cabin Inlet 20 1 10 0 0 0 0
Temg. Outlet 30 | 30 | 22 | 22 | 22 | 20
Bnpine Port 2251 1901 1901 180} 190
Outlet Stbd, 2201 190) 190] 180 190
Tormye
Eneine Port 5 70 51 4
Outlet Stbd. 10 | 70 its ffs it? ﬁ?
TCS8,.
Turbing Inlet 20 0 0 0 0 0
Ter, Outlet 20 jo 3o r"3‘0“~ 3o jo —T
Turbine Inlet 1 501 LO | LO [ 38 | 40
eSS, Outlet B 5% |10% | 10 1ox | 11
ompressor | Inlet 2 30| 28 [ 28127 |29
Fress. Outlet 2 501 40 | 40 [ 40 | 42
Compressor { Inlet %5 { LO] 501 50 | 50 | 50
Temp. Outlet 100] 90 | 90 | 90 | 90
imary Inlet
Charge Outlet
em. v
ir Temp.ot | Inled 35 40 55 50 50 | 50
Primery Outlet 15 [ 20| 25 | 25 | 25 | 25
Hent Exch,
iWir Temp.-Outlet Sec,Ht.Bx 20 | 30 40 | LO | 4O 0
ir Press-Inteke Prim.Ht,
e, Kbs. 50 {215 | 250190 (240
o Tt
Press, Diff,A/C Prln..nu.:g;c: 42 1175 | 220150 |220
C.F.V, Outlet Temo. _. |
Venturi C.A,U. Press. ] Al 3 k12t | 3
Primary Cherge Inles Press 3 601 35 1 35 | 53135
Pregssure Ratilo 4 7,2512,2 [2,25]2,1 2,15
Mess Plow. lbs/mine 21 |17.7117. 71 17 1177
C.4,U, R.P.1. 110G méogy_éoo L1001 11 €00
_ Pilots 49 | 48 | 35| 29 ) 23 | 22 | 22 |32 | 37 | 39 |39
Cabin Honuy
Temperatures | Pilots
Honds 37 1 36| 30] 25 | 23 |22 20 |2y | 27 1 28 |28
Pilots
Feet 23 23 18 1 17 {17 16 1 16 120 | 21 22 22
Natn i
Hends 30| 34 ] 331 39 | 33 | 38 138 (2929 | 29 [29
Navs,
Feet 20 | 23| 26 25| 25 | 2h | 2h 2. | 2L | 24 | 2
B.A's
Ham?s 27 ] 27 30| 30} 30 } 29 | 29 }29 ) 30 30 |30
B.A's
Feet 27 1 25 { 27 261 26 | 25| 25 | 26 | 26 26 |26
Average Cabin Semp. 311 51 ] 291 26 | 25 | 24 | 24 126 ] 28] 28 28
Accumulators 171171 201 20 ] 24 | 24 | 2L | 24 251 25 |25
Gyro Insis. 70 [ 30] 281 22 20 201 20 t 201 201 20 |20
Radio 201 20} 21 22 Ol | 24 | 24 | 24| 241 24 2l
Truc_O.&.Ts 135 ] 131 111 10] 101 10| 10 100 101 10 110
% R.H. in Csbin
. Cocks Cooks off
Remarks  OPE e eeer ir Fully colds - |i-No Ventiletion.——j

Cloud 10/10 ot 1700' I.C.A.Ne
Pilot felt eomfortoble throughout flight
Observer felt comfortable throushoub flight,




~onbarrs WD, 954

Fig, 19

Trinl made at Boscombo Down on 9, 6452

ssort up 1448 hrs, Toxi 1449-1451

hrs,

Toke~off 1452 hrs,

LeleS, 485 knots.

Altitude 1500 £+, ICAN  Outside R.H, 967

< 00a] Time ELT{TLST 15007505 1570, T35 [T520 1525 530
| ungine Fort B120 7500 |7350 17500| 730017350 [7200 600
R P, M. Stbd. 231017300 [74.00 [7350]7350 | 7350 17200 H500
Cabin Inlet - 20 [ 18 [ 55 |6ox12 tO0 10 10 [0
Temp. Outlet 35 1 35 | 50 | hOr 1 35 | 30 | 30 | 30 | 30
Engine Tort 50 2350 | 250 P50 1250 [250_ P50 250
Cutlet Stbd. o5 1230 [250 250 (250 {250 R50 200
Temp.
Engine Port 6 75 [ 82 80 180 180 {75 150
Outlet Stbd. 5 175 [ 85 [80 | B0 |80 |75 |47
Press,
Turbine Inlet 25 25 50 | 50 § 50 {50 |40
Temp, Outliet 25 1 21 U 0 0 0 D
Turbine Inlch 0 1 LO 1 40 139 137 |4
Press. Outlet = 5 1= 1 1% P 2 | b=z
Compressor Inivt 2 20 21 124 120 |27
Press, Outlet 25 L0 [ 40 [40 138 |49
Compraeesor Inlet 30 70 1 65 | 65 [ 70 160
Temp, Outlet 125 1120 {120 p2s {10
Primory Inlct
Chnrge Outlet 70 { 70 | 70 1 706 | 70
Term,
Lir Temp., ot Inlet 25 35 70 1 65 1 65 | 70 | 60
Frimrry Outlct 28 23 O | 4O | 4O | 40 | 30
Hent Exch.
Alr Temp,-Outlet Sec.Hi.Ex, 20 25 60 | 60 ] 60 ] 6C 55

Air Press,=-Intoke Prim.Ht,Zx,Kis. 235 1240 1220 1230 (200
Press, Diff.4/c Prim, Hi, Bx, kis. 225 {200 {210 {220 170
C,F.V, Outlet Terp. . 175 1160 1140 125 (120

‘I Venturi C.4,U, Pruss,

6] 6] 61 51 6

Primary Cherge Inlet Fross

73 1 5 171 169 135

Pressure Retdo ] 11 L 305 1365 |3k 13,2 13.2
Moss Flow 1bs/min, _ T 18.2118,2|17.8]16,3 (18,8
CoaalUs  RJE.I 900 PCCC{L90001 L9000 L5 500
Pilots
Heed b5 L9 bl 481 Bi] 371 35 | 32 | 32
Cabin Pilots
Temperetures |_Honds 35 O] 361 khl 39| 351 34 | 32 | 32
Pilots
Feet 26 30{ 32| 38] 29| 25] 24 |24 | 2k
Nevs
Hands 33 36] 37| 40] 1O 39] 38 | 38 | 38
Navs
Feefl: 26 30] 30t 33} 331 3kl 34 | 34 | 3k
B.d's
Hends 30 3 361 38] LOL 4Of 40 | 40 | 40
B.d. 's
Feet 27 30 32| 34| 37] 35} 35 | 35 1 35
Average Cobin Temp, 32 350 351 391 57] 351 34 ) 3h | 3k
dccunulstors 15 20 2 301 3 391 4O | L0} L0
Gyro Insts, 31 351 331 38| 3 324 %0 | 30 | 30
Radio 19 20{ 24| 3k 371 36 | 36 | 36

True O,fs T,

15 131 1241 12

12| 12] 12 | 12 | 12

"% R.H. in Osbin

Remorks

k Cold Airy'e- Hot Adny

o Cold dir-

Cloud 9710 at 1700' L.C.d.N,

Pilot, comlortoble
Obscrver, too warm

throughout flight.
most of flicht,
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CABIN TEMPERATURES IN TRANSIT~
BOSCONMBE DOWN TO CASTEL BENITO.
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TEMPERATURE - DECREES CENTIGRADE

CABIN TEMPERATURES IN TRANSIT-
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Fie, 2
_aburra D, 95k Trial mado at Khertoum on 24.,7,52
Sunpt Up 1359 hrs, Toxit 1400=-140h hrs, Toke-off 1405 hrs.
ee Sy 200 knots Altitudoe 3000 ft, ICAN Outsilde R,He uq%
 Locel Time 15655 FL02 [AL07 [Th10 k15 11420 425 [15430 ] !
Sngrine Port 2900 _[7800_[5800_ 16209 6200 6200 16200 |
R.P%h. Stbd, _ 200 [7700 {5700 {6200 6200 620016200
Cobin Tnlct 35 | 30 ] 12 | 10 | 10 | 10 | 10
Temp, Outlet 50 L5 40 35 35 35 35
Engine Port 75 1250 | 160 | 160 | 160 [ 160 | 160 ;
Outlet Stbd 75 [ 250 | 160 | 160 | 160 | 160 | 160 |
Temp, i
Engine Port 5161 | 21 | 25 | 2L | 24 | 2k !
Outlet Stbd L 82 | 19| 2L | 23 | 25| 23
Press,
Turbing Inlot 50 60 45 40 35 35 35
Tenm. Cutlet 50 15 12 10 10 10 10
Turbine Inlet - 0 39 1. | 19 19 19 19 ‘:
| Press, Outlat = 251 5 1 1 1 1
Compressor Inlet 0 22 9 11 11 11 11
Prass. Outlet 2 40 15 20 20 20 20 )
Compressor Inlet 650 60 62 55 55 55 55 1
Temp,_ Oublo® 60 1710 1100 1 160 ] 95 | 95 | 95 f
Primery Tnloh 75 1175 1160 | 150 | 150 | 150 | 150 :
Charge Outlet 60 85 60 50 52 52 52 j
Temp. ‘
Air Temp. ot | Inlet 52 | 55 1 40| 40| 39 | 38 1 35 !
Primary Outlot 50 60 60 60 60 | 60 60
Heot Exch, 1
Air Temp,-Outlct Sec.Ht.Bx. 50 | 60| 60] 60 | 60 | 60 | 60
Air Press.-Lnteke Prim,Hb.Ex.kis, 66 1155 | 160 | 160 | 150 | 150
Press, Dift.A ¢ Frim Ht. Ex, kits, L2 115 115 115 { 115 | 1156
C.F.V. Outlet Temp. 160 60 6C 50 60 60 60
Venturi C.4,U. Fress, 0 6 1 2 2 2 2
Primary Chorge Inlet Fress. 1 55 12 15 15 15 15
Pressure Ratio 2.7 11,95 12,25 12,25 [2,25 12,25
Moss. Flow 1bs/min, 1_6.2 R,7 110,3 10,4 |10, [10,L
Collo U, RJEPM. A L6700 0500] 4,001 42CC0 1452000 12000
Pilots
Head 46 4.3 53 51 5C 50 49 49
Pilohs
Cabin Hands Lh L7 50 | 5t 50 50 | 50 50
Temperctures | Pilots
Feet 42 L5 | 46 L | 42 L1 40 40
Navs,
Honds 40 Ll L7 47 47 L7 L6 L6
Novs.,
Peet 39 42 45 L5 L5 45 45
Ba.'s _
Hends. 42 46 50 50 49 48 48 48
Bl 's
Peot L2 L3 L3 | 43 Ly e | 4h Ly
Average Cobin Temp 42 L5 L8 L7 7 L7 16 L6
Accumuistors 2 Ly L6 48 Wl L8 18 18
Gyro Insts, 42 L3 Uy | Lk 43 42 i1 41
Radio 42 42 Ly bh| 43 42 L2 42
True O.A. T, 39 39 32 bl 32 A 31 bX|
"% R.H, in Cobin 69 66 66 66 6l 62 62 62
Remarks &——— Air fully cold - Rem air off, ~—-—o-)

Cloud:

Nil.

Cobin comfortable on entry whilst porked under
awning.

Hot whilst toxying - crow perspir

Comforteble in flight.

ed freely,

——




Py 23
Jlanberrs WD, 954 Irial mede ot Khartoum on 2M.7.52 '

vtart up 1051 hrs, Toxi 1052 - 1102 hrs, Toke-off 1103 hrs,.

44,8, 200 knots Altitude 3000 £, ICAN OQutaide R.H, 400
_—-—# R
Locol Time 1052 11056 (1104 {1110}1115[1120 |1125]1130{1135 [1140
, | Engine _Port )

R.P.M, Sthd,

Cabin Inlot

Temp, Outlet

Bngine Port

Outlet Stbd,

Tomp,

anging Fort

Cutlet Stbad

Press .

Turbine Inlct

Temp. Outlet

Turbine Inlet

Press, Outlet

Compressor Inlct

Press, Outlet .
Compressor Inlet 2
Temp tlet il qy\\cy
Primary Inlet Oa’:‘:/\“;“

Ghsrge Outlet oSS

Temp.

Air Temp. &b | pp1.¢

Primory

Heat Ech. Cutlet

Air Temp,-Outlet 3.c,Ht.Ex,
Air Fress.-Intske Frim . Bx.kts.
ress, Liit, A/c rFrim Hi, 2x.kTs.
L.V, Oubtlet Temp,
Venturi C.A.U. Fress. ~ 1. L
Primery charge inlet press,
Prossure Ratio ol
¥ass Flow lbas/win,
C.A. U, R.,ZJL

— o v r—.— — ot o
Filots
Head 42 47 | 52 |55 | 50 | 57 {57 |57 |52 |50
Cabin Pilots
Temperetures | _Hends 43 | W | 48 [ 50 [ 51 |52 {52 |52 |47 |46
Pilots
Foet 40 b3 145 (06 j 46 {46 |46 |46 | 4O |38
Navs
Honds 40 4O |42 |43 1 b5 {48 149 149 |40 143
Navs
Fee‘f 36 37 040 {41 V45 t4b [ 46 | b7 [hk
B.A's
gaxt'is 42 1 42 | W {45 L 45 {46 |48 |49 147 147
WAls
Feet 31 4O j 42 143 | b5 [ 47 [ 48 {h8 b5 143
Average Cebin Temp. 41 13 105 107 |48 149 150 [ 50 |46 100
Aocumulotors 35 36 | L0 | 42 | 43 Loy [ he TU6 [h6 [h6
Gyro Insts, 36 38 1 0t 142 142 [42 143 | 43 42 |42
Redio Sh 35 1 38 140 |42 P42 142 | 42 1 L2 142 |
True O.4.T, 35 36 33 30 131 1 30 1 30 | 30 130 ;30
% ReH. in Cobin, 76 78 1 80 1 82 {85 183 183 | 8
Remorks ¢—— Rom dir only = Cold Air Offie——3¥Cold Op—-)

Cloud Nil.
Cabin comforteble on cntry whilst porked under
i awninge Crow perspired freely when owning was
‘[ removed for toxying. Continued heovy porspiration

flicht. ..
82%81{%}:28%2 u%c%m:t'ortable ond tiring.

Trmediste relief when cold air selected ot 1130 hrs,
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Pige 89
Conberra WD, 95 Iriol made nt Khartoum on 24,7, 52
Stort up 1159 hrs. Toxd 1200 - 1204 hrs,  Pake-off 1205 hrs.
I, 4.8, 325 knots Altitude 3000ft, TCAN Outisde RyH, 4
Logol Time 1155 | 1202 | 1290 [ 1275 | 1220 | 1225 1250 (1235
Engine Port 2000 & /700 6 /50 6700 | 6900
R.P.M, Sthd 2200 6700 €750 | 6700 6800
Cabin Inlot 1.0 10 5 5 !
Temp, Outlet L0 35 35 35 30
gggini Tort 1.0 220 225 200 200
¢} a3
Tormp. Sthad 40 220 225 200 200
Engine Tort . 45 2
Sy ;tba 4 5 45 3 52
Fress, b by L5 32 35
Turbine Inlct 50 50 50 50 50
TUELL'. OQutlet 50 5 5 8 5
Turbing Tnlet 0 35 35 29 pil
Press, Quiles = 2+ 2 2 2 ]
Compressor | Inlet 0 21 20 17 18
Fross, Outlet 2 37 36 30 32 -
Compressor Inlet _ 50 70 70 50 10
Ee@p. Qutlet €0 130 130 120 125
ﬁf”mmy Inlet 75 200 200 190 190
Charge
Tx_zmp. Outlet 52 70 70 70 70
s nf;}fp %! Tnlet 50 | 43 | W5 | 45 1 L5
.L fal
aeat Bxch, Outlut b2 70 70 70 7
air Temp-Outlet Scc.Ht, Bx, 50 70 80 70 70
air Press-Intaoke Prim Ht, Ex,.its. 1R0 190 190 190
1ress, Diff,A/c orim, Ht, ExX,KE8, 150 160 | 150 150
C,4,V, Outlet Temp, 65 | 6D 55 55 95
Venturi C,A. U, Press, 5 5 35 L
Primory Chrree Inlet Press, 1% 3, 35 23 25
Pressure Retio ] 3.1 3.1 12,76 2,9
Yass Flow lbs/uiin. 15,2 | 15,2 | 13,3 1l
C.A, U, R,P,}, 20750 [RAe0d [50500 55070 149000
Tilots . ' )
Head L0 L3 L5 45 L2 LO | LO Lo
Pilots
_Hnnds 40 bl L5 L5 45 L5 | b5 | 4R
Pilots .
Ceobin TFeet 38 41 L2 LO 38 36 | 35 135
Temperatures | Navs
Honds b 36 L3 Ll L2 42 | k2 |42
Havs
Feet 53] 36| w| wol wol| oo |ao
B.A's
Hands 10 L2 L3 45 Ly b3 | 42 (42
B.A's
Feet 38 L0 L5 Iidy. Ly Ly | b2 |42
Average Cobin Temp. 58 1.0 Iy [N L2 T T
Accumulotors . 38 L0 L2 L5 45 45 1 L5 145
Gyro Insts 38 40 40 _38 36 36 1 36 | 36
Radio 36 LO L0 Ll 41 132 L2 L2
True OsA,Te 36 36 1 i 30 20 51 130
% R,H, in Cobin 74 68 ., 10 69 65 65 | bl | 6L
Remorks P Air PMully Cold - Ram air Off A}
S ———— Y

Cloud Nil.
Caobin comfortable on entry whilst under swning.
Hot whilst taxying = crew perspired freely.
Comfortanle during flight,

i




Conberra WD, 95

Iriel made et Khertoum on 2., 7.52

Stret up 1259 hes,

Toxd 1300 - 1306 hrs,

Toko-off 1%07 hras,

LA 8. %25 knots

Altitudo 3000f£+t, ICAN

Outside R.Hy 400

i ‘Locnl Time 13001130511%08]131011315]132011325 [1330 1335
Bngine Port
RN Stbd.
Cabin Inlet
EYSTAN Outlct
En-ine Port
Outlet
Temp Stovd. P
Engine Port T
Cutlet Sthe, ""“ 7
Tress, c,*?ﬁ)@/
Turbing Thelt =
Tem, Tt lot 1
Turbine Inles
Eress, Dutlct
Coumpressor Tnled
Press, MOTANE ~
Compressor Inlet -
Teup. Outlct
Primar Tnlet
Charre tlet
TJ"IP'
2ir Terp ob | Inlet
Trimery Outlct
Heat Exch.
Air Temp,-Outlet Sco Ht, Bx,
dir Press-Intske Priwv.Hi,8x. ks,
Press, Diff,&/c Prim, 1t,.Bx. kts,
C.F,V, Outlet Termp.
* |Venturi C,s,U, Prcss,
Primory chorge Inlet Praoss,
FPressurc KRetio
"icss, rlow. ibs/wia,
C.4,U, R,PM. .
Filots
Head 40 | 48 | 50 ] 50 | B4 | 56 1 58 | Bh ] B2
Pilots
Cebin Honds O | 45 L 47 | 49 1 W9 | 49 45 | hlk
Temperatures | Filots
F_.Fcuﬁ ol 50 [0 | 435 [ 45 1 L5 | L5 | 4hO | 38
Hov,
Honds 35 1 40 | b5 | 47 | L8 1 49 | 50 | 47 |45
Navse
Feet 351 40 [ 451 50 | 501 50 | 50 | 47 [ 45
B.A'S
Honds Ol W3 L 6] 50 511 51 ] 51 49 |48
B.d's
Fect 40 | 45 i:i %63 %% fg% %‘3 t %
Average Cobin Temp. 39 | 43 VEE-X 5
Accumulotors O T 5 [ A5 | 8 | b7 ) 47 1 L7 | b7 | 47
Gyro Insts. 391 L0142 [ L bl | Wl | bk | b | 4D
Rodio Sy A2 [ ke [ k2 [ b5 | kAl k3 [ 45 | L3
True OsdaTe 571 56 | 3 | 31 | 321 511 31 1 31 | 31
.{ % R,H, in Cabin RN RN A A YR
L. Rom Adr only = Oold ddr OFf--¢—Cold On——)

Remorks

Cloud Nil.

Cabin comfortable on entry whilst porked under
owning, Crew perspirgd freely when owning woas
removed for toxying. Continued hesvy perspiration
theoughout flight. Very hot ond uncomfortable,
Trcdiote relief felt when cold adr seleoted

‘at completion of test ot 1325 Wrs,

——
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Canberra WD, 954

Trial made at Khartoum

i

-

‘,_.,_...
' S
——

M.h‘

Start up 1811 hrs. Taxi 1812 - 1816 hra., Toke-of £ 1817 hrs,
I.A4.3. 200 knots Altitude 3000 ft, I.0.A.N. Qutside R, H, - j
i Nicht Flyine - No Soler Radiotion
Locnl Timg 1812) 1045 1 1016 [ 1820 [ 1925 [ 1030 | 1835 | 1840 11845
Engine [ Bort 5000 7000 | 6850 [ 5650 [ 6500 | 5300 | 5900 | 5300
| RPN, | 3tbhd o 1| BB00 | 7u00 | 6450 | 5600 | 6500 | 5300 | 5700 | 5700
Cabin Inlot 35 0 0| 0] o] "10] 101 10
leip, Outlct 5] 351 350 35] 351 351 351 39
Lngine - ot 120 240 225 40| 170] 165 150 | 165
Qutlet [~
Temp.. Stud 120 | 2no| 225| 40| 170 165] 150 | 165
ongine | fort 12| 5] wn] 18] 25| 23 21 2l
Pross, 3thd 17 L6 Lh 16 25 23 18 18
Turbinc Inlect 35 L5 55 10 35 L5 45
Temp, outict 221 0 0 % 5 51 101 1
Turbine [Tnict ARSI EN ol 18] 16| 121 1
Press, ____[Outict i S 0 A2 1 % 2
Canpressor | Indet 5 23 20 10 10 10 7 8
Yross, Outlet j _81 391 40} 301 491 A7} Ak} 15
Conpressor | Inlet L0175 70 70 55 55 55 35
| Tomp, Cutiet 60| 130| 140] 125 95| 951 951 5
“rhaery Inlct °0| - 210) 210) 150) 55| 54| 140 ] 139,
Charoe IR
Tenp., Qutlet 0 75 75 55 50 50 50 5
Lir Teip. aY 1404 35| 40| 45| 40| 35| 35 401 O
Prionzy —= - ;
Hont Fxeh®, | Outlet 50| 75| 75| 50| 55| 55| 55| &
[ Zir Tanp, -Cublot Sce.HE.EX, TR0 750 750 55] 501 501 %0 F“;;iy
a1 fress,-Intake Prim, Hb.Ex.kts 0] 200} 190} 170! 150! 160| 1h0 1 19
Pras, DAfT. A/c Prim HE, .x,kts| O] 165] 160] 120] 110] 120] 100 T_)}
C.. YV, Cutlet Tonp, 1 o _—22 ! 5
[ Veaturi C.in.U, xreas, . 51 Lk 13l 1% LI |
BN STy (,harm Inlut Presas. L 7 31 30 90 15 14 11 $2
[ Fressure ntio [ TA5] 2.6 3.3 1.6] 22| 2.05] 1.85 | 1.9
1288 Flos 1bs/udi, "% s5[16.6[ 1.6 7.9 10] 9.4 18,5 | &M
| C.A.0. R.E.il 1 TTI25500 B3000 46400 14,2000 | 39500 [40600 142100 42030
T ""“"“;’ H1TEs )
posa 4ol b3| ho| 39| 38/ 37 36] 35| 3
1lots
Eands__ 40| 43| 40| 39) 58] 36! 35 3|
Cabin v Milots
Tcaperatures | Foet ol ko LA LO 38 37 36 351 32 39
avs
amds 5ol 38| 38l 57l 3ol 37) 351 sk | 3k
avs
oot wo| 38| 38| 37 370 36| 36 : 3l 3
B.A'S i
(Hands W Wl W) 40l 390 37| 360 33 | 33
B.i's
. Foot , WAL Wiy W LGOI 39 38 371 361 36
Avera.c Cabin Temp. 50 L2 L0 39 33 37 36 3l 3
| Accumulators LOT Wt 391 391 39l 3 391 39 | 39
Gyro Insts L 58 37 6] 3 36 p) 351 35 3
Tadio 59 40 38 by 37 b 3 36 36
True 0./, T. 3 33 29 29 28 27 27 27 i 2
5 R.H, in Cebin 761 761 n 72 7ol 68[ 681 671 66
Remarks b Alr Pully Cold - Rar, Air OfS -
7
Cloud Nil,

Pilot and observer very cofortible throughout
taxying and flying.

-———
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Canborra WD, 954 Trial made at Khartowa on 28,7.52 Pl 28 "

Stort up - hrs, PTaxi - hrs, Take~of'f 1846 hrs.‘ »-——l-
I.4L.S, 200 knots [ltitude 3000 £t. I.C.A.N. Outside R.H, - %

PRI
If.,..._

Might Flying - Wo Solar Radiation

Local Time 1846 1850 1855 11900 1905 i
Engine Port :
RyBM, 1 5tbd
Cabin Inlet
Temp. . Outlet
Engine Port
Outlet g:;d
Temp. .

Engine

Outlet Port 1
Press., Stbd |
Turbine Inlct > EA
Temp, Outict O

Turbine Inlet B

Press, Outlet O

Cauapressor Inlet U=

Press, Outlet V *
Campressor Inlet

Tamp, Qutlct

Primory Inlet

Chorge

[ SCuwD, Cutlet

Lir Temp. at .

Frivary Inlct

| Eeat Exch®, | Outlet

4ir Temp,-Outlet Sec, Ht, Ex,

Laix Press,-Intake Prim, HE.Ex, kts
| ~ouss, DIfF, A/c Prim, Ht, Ex, kts
<. .BP.V, Outlet Temp,

sonturd C,4.U. Press,

<rimary Charge Inlet Press,
fressurc Ratio

. [iiass Flow 1lbs/uin, -~ " )
1 C.4A.U, R,P. ., .
[ [FBilots . N

Head L2 i 41 L0 L1

Pilots

Hands 4 41 L1 i i

Cabin Pilots

Temperatures | Feet L0 40 40 L1 Ny

Navs

Hands 37 42 L4 i 41

Navs

Peet L7 L2 40 L0 50

B.A's

Hands 42 I 4t 41 Yy

B.A's

Feet 43 i 40 LO 40
Average Cabin Tcmp. 42 41 41 41 1]
Accunulators Ll 47 Lty Ly 4
Gyro Insts . 38 38 37 37 37
Radi.o 38 .. 38 _ . 1._38 38 28
True 0,L,.T, — 26 26 26 27 27
[/ R, H. in Cabin . 63 63 65_ 68 70

Remarks < Roat Adr Only - Cold Air Off ~

N

Cloud Nil.

Pilot and Obscrver sweating profusely throughout
{flight. Very hot and unco:fortable, Cold air
switched on ot campletion of trial at 1905 hrs,
relief woas immediate although aircraft temperature
drop was only 20 before landing at 1915 hours,

————
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Fige 52

Canberra D, 954 T.EB.U, Lhartoua 20.7.52

-nsine Bay Tunperaturcs fccorded Auring Cround Running

airoraft hnd bo.n parked in sun on handstonding for tvo hours prior to
camencenent of cnvine run & the following toaperatures were recorded

after 10 minubes sround rumnine for B.P,C.YJ. tnd acculeration checks

'[Hi R {COOUFLE 5; é

Loexl | Port %’g g Truc

Time Engine 1 2 3 L 5 B B 0.4h.T,
R. 2.I1 EED

1255 2000 | 85 | 02 (112 | 70 | 78 85 40

1256 4500 65 1 .80 [ 110 | 70 | 78 35 40

1257 | 5500 90 | 80 | 110 | 72 | 78 85 40

12574 | €600 | 105 | Aa {110 | 72 | 78 91 40

| 1258 6900 1120 | 90 [115 | 75 | 78 96 40

1259 | 7000 | 130 | 95 | 1428 | 75 | 75 99 40

1259% | 7200 | 150 | 100 1420 | 75 | 75 105 40

1300 7500 | 155 [ 100 122 | 75 | 78 106 40

1300+ | 7600 | 1:0 | 105 [130 | 75 | 78 113 40

R 13005 | 700 195 | 110 140 | 75 | 78 _120 40

1200% | 7400|210 | 120 [ 15C | 75 1 75 126 L0

‘ 1301 7200 |21z [ 127 (155 | 75 1 75 128 50

| 1302 _| 7000 _ | 210 | 139 | 160 75 75 130 40

13025 | 6600 {205 | 130 | 160 | 75 1 75 129 40

1303 | 5500 160 | 125 [ 160 | 75 L 78 | 126 40

13035 | 4500 | 170 | 122 1160 | 20 _| 80 123 40

1305 2750 {140 | 113 150 | 80 | 80 11k 40

fosibioms of Thermeconples

T T S T T U IR I T

1 LnringG coloressor cAsini.

N

Torch irniter cap,

Boosker coil casc.

ISH

Top rear side 1in spar near jeb oine,

Inside nicelle skin on G- 5" aft of anin SPAr

Jote = 4ll tuperntures are in e recs conticrnde,
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FIG.58

- NOTE = THE POINTE ON THIBD GRAPH SHOW STABLISED READNASD
OBTAINGD AETER APPROX, 20 MINUTES FLVYING TIME OF EACH
OF THE TEDSTS LISTED B8ELOW.
LOCATION OF TRIAL. laske. | ReM. | 0T . | cooe
e AALE. BOBCOMBE DOWN 200 6200 1800 ———
A A £.8.B0BCOMBE DOWN 328 8400 1900 ——mee
A ACE. BOBCOMBE DOWN | 485 7350 1900 — —
TE U, KHARTOUM 200 2200 2000 -0
TELY. KHARTOUM. 328 6700 2000 -l —
e
TURBNE
OUTLET
NRV.
SORL BECONDARY COMNER TURBNE WATE R SERARATOR cABN DIBCHARCE

PRESSURE VARIATIONS IN COLD AR SYSTEM.
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