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22nd Part of Report No. AAEE/861/1

ADRCPLANJE MiD ARMAMENT EXERhflNTAL ESTAIBLISHMENT 2.21:
BOSO1. DOWN

Oanberra ],6.2. Yrl. 95
(2 x Avon 14.I)

Cabin Temperature and Cold Air Unit Trials at
A. & A.E,E,. at Khartoum and at Aden

A. & A E.E. Ref: 6231/T/2/WPI7
Period of Test : July - August 1952

Progress of issue of Report
Report No. Title

17th Part JAEE/861/i IX.1 65 Longitudinal Stability and 2Manoeuvrability
Tests.

18th - do - Test Fuselage Ground Hood and Hatch Jettison I
Trials.

19th - do - VX.169 Further Measurements of Vibration with Bomb
Doors open.

20th - do - VX. 169 Measurement of Vibration of Aircraft and
Bombsight at Bomb Aimer's Station with
Bomb Doors open.

21st - do - VX.169 Acceptance Trials of Bombing and Pyrotechnic
Installation. _

Summery

Measurements of cabin temperatures on the ground, with and without the
use of a Coolair Minor and sun awning were nde on a Canberra aircraft in
tropival conditions at Khartoum.

It is considered that the sun awning alone is sufficient to keep cabin
temperatures at a comfortable level and that the additional expense and
complication of a Coolair M4inor is unwarranted except for servicing purposes.

Tests were also made in the air under both temperate and tropical
conditions to assess the degree of cooling afforded by an A.C.R.E.9 Cold
Air Unit.

At low altitudes the cnbin becomes uncomfortably hot if the C.A.U.
is not used and although the actual temperature drop afforded by use of the
unit is small, a marked increase in comfort is noticeable if lightweight
clothing is worn.

Modifications to increase and diffuse the mass flow at the cabin inlets
orh reconmended, particular emphasis being made on the desirability of
improved cooling during taxying when the crew ore likely to be wearing heavy
clothing suitable for high altitude flying.

This Report is issued with the authority of

Air Commodore
Conmnding A. .
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1. Introduction

1.1 Cabin temperature tests wore made on Canberra aircraft 7D.954
under both temperate and tropical conditions to assess the degree of
cooling afforded by an A.C.R.E.9 Cold Air Unit.

1.2 The tests were repeated in different ambient air temperatures

ct different altitudes to collect evidence for determining the factor to be
used for correcting cabin tumperaturos to tropical conditions. The

conclusions drawn from these results will be the subject of a separate
report.

1.3 Trials wore madc at Aden under conditions of high temperature

and humidity during flight to ascertain the need for and effectiveness of
the water separator in the Cold Air System.

1.4 Trials were made on the ground to determine the cabin temperatures

reached when the aircraft was parked in th sun and a comparison was dra n
between the results obtained with the standard black painted aircraft and
with the forward fuselage covered with white paper to simulate a white
pointed finish.

1.5 Further trials wore made on the ground using a sun awning to

protect the forard fuselage from the direct rays of the sun.

1.6 Ground cooling trials were made to assess the effectiveness of a
Cold air Minor and a coinprison was effected by conducting a brief test with
a Godfrey R.2000 Air Conditioning Trolley.

2. Do scrIption of Cabin Iir Conditioning System

2.1 Canberra VD.954 a's a standard aircraft fitted with an installation
providing for the circulation of either hot or cold air or a mixture of both

to the pressure cabin. Both hot and cold air supplies originated from air
bled from the 12th compressor sta, of each enr ino in conjunction with:-

a a Teddington electricolly controlled mixing valve.

b a Cold *ir Unit Type A.C.R.S.9. (C.A.U.).

(c) Primary and secondary nir cloers.
d a pressuru ratio ccntrrllur. (P..C.).

The mixing valve, C., .U., P."'.C., and the secondary cooler were

located in the port wing leading edge between the fuselage and engine nacelle.

The primary cooler was fitted in the stbd. wing leading edge close to the

fuselage.

2.2 The installation was primarily controlled by three sitches

fitted on the pilot's starboard instrument panel. One switch marked "HOT"

and "COLD" controlled the double acting mixing valve and by "inching" the

switch the valve could be set to govern the cabin temperature as required.

The other switches numbered I and 2, in conjunction with two rulays,
controlled the hot air supplies by action of two engine isolation cooks.

These cocks and also two non-return valves in the some pipe-lines were

located in the leading edge of the wings close to the inboard engine ribs.

2,3 The Teddingon mixing valve was a double acting unit which could

be set in any desired position, the position being comnunicated to the pilot

by on indicator on his stbd. instrument panel.

2.4 The Cold iir Unit had a turbine end a compressor and was self-

operating, the r,p.m. being regulated by the quantity of air flowing

through. it.

2.5 Provision was made in the system for the fitting of two types of

P.R.C. The Godfrey Typo P.R.C., which was installed throughout those trials,

/waso. 0. .



__pneumatically operated and loarted in the pipeline between the mixing
valve and the O.A.U. Control of the air flow in the pipeline wos by an
integral valve in the controller assembly. The alternative instollstion
(a Toddington electrically controlled P.R.C.) was not used. The P.R.C.
controlled the pressuru betweun the inlet and outlet of the C.A.U. turbine,
end the automa.tic linitation of the ratio to a predetermined figure prevented
the C.A.U. overspeeding.

2.6 To prevent condensation in the pressure cabin a water separator
was installed in the cabin supply line aft of a non return valve behind the
pressure bulkhead. ', drain w-s fitted between the separator and an outlet
on the port fuselage skin.

2.7 To prcssurise the cabin the gate valves controlling the air supply
from each engine w,,ore opened by operation of switches on the instrument panel
(see pcre. 2.2)- If warm air was required the temperature control switch
could be inched towards the HOT position. Heated air from each engine then
flowed through the gate volves and non-return valves to a common pipe line
feeding the hot side of the mixing valve. From this unit the supply passed
through a constant flow volvo (set to deliver 8 lbs. air per minute) to the
cabin via the water separotor and non-return valve.

2.8 Upon selecting CCD at the temperature control switch, air flowed
from the common pipeline through the prinary cooler to the cold side of the
mixing valve. From the latter unit tho partly cooled air passed through the
P.R.C. to the compressor of the C.A.U. 'hon the C.A.U. was brought into
operation, air entered the unit at the compressor inlet port and passed from
the compressor into the secondary cooler. From the secondary cooler, the
air re-entered the C.A.U. at the turbine inlet and expanded through the nozzle
ring and turbine into the supply ducting.

2.9 A diaprammntic representation of the complete system is shown at
Fig. 1, end an installation drewinq showing the relative positions of the
various units appears at Fig.2. It will be noticed that a supply of air
controlled by a constant floi valve was fed to the rear camera-when the
gate valves were open. This air remained hot irrespective of the position
of the mixing valve which controlled only the air supplied to the cabin.
Fig. 3 shows the arrangement of the C.A.U. installation in the port wing and
a sectional drawing of the A.C.R.3.9 unit appears at Fig.4. The ducting
for the ram air intake at the primary and secondary coolers is shown at
Figs. 5 and 6.

2.10 Air entered the cabin through a pipe passing through the pressure
bu]lkhead. Tappings in this pipe fed air through smaller diameter pipes to:-

(a) A fishtail forward of the pilot's rudder bar.
()A fishtail at the bomb almer 's window.

( A diffuser on the port side of the pilot's seat.
d 6 louvres permitting individual control of the amount and/or

direction of the air flow.

The arrangement of the ducting and the louvres is shown at Fig.7 and
positions of the individual louvres appear at Figs. 8 to 13...

2.11 Canberra aircraft not fitted with a O.A.U. are supplied (when
unpressurised) with ventilating air through a ram air scoop fitted forward
of the canopy. Air passed through a non return valve and water trap, to a
louvre on the port side instrument panel. (see Fig.7). This installation
wes not normally intended for use where a C.A.U. was fitted, but was
installed for these tri ls to permit comparative tests to be made as
between a standord aircraft and one fitted with a C.A.U.

3. Description of Instrumentation

3.1 The aircrrft us fitted with n balanced bridge outside air
thermometer and thermometer pencils protected from radiation at the following

positions. / (a).......
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____ u Pilot's head

b Pilot's hands
o Pilot's feet
d Navigator's hands
o Navigator's feet
f Bomb aimer's hands Seated
g Bomb aimur's feet position.
h .ccmnulators
i Gyro instruments

R Radio.

A psychrometer was installed in the cabin to record the inside humidity

during the trials.

3.2 An automatic observer was fitted in the bomb bay to record the
behaviour of the cold sir system during the trials. Fig.14 shows the
arrangement of the auto observer panel together with the instrumntation
and ranges. Thermometer pencils and pressure tappings necessary for operation
of the auto-observer instruments were introduced as required in the cold air
system pipes as shown at Figs. 15 and 16.

3.3 A sepcrate auto-observer instolled in the cabin for performance

trials was used to collect dato for determining the engine compressor
pressures available for operating the C.A.U. during ground running and
taxying.

3.4 In order to record engine bay temperatures whilst the aircraft
was parked in the sun and also during ground running, thermocouples were
fitted in the port engine nacelle in the followaing positions and a remote

reading instrument supplied which could be plugged into a socket in the
port wheel well.

b a ngine compressor cisinE.
Torch ignitor cap.

c) Booster coil crzc.
d Top rear side main spar near jet pipe.
c Inside nacelle skin on contra line, 5" oft of main spar.

4, Description of trials

4.1 Trials were first made under teLyzerate conditions at Boscombe
Don prior to departure for Khartoum. The aircraft was flowin at 1500'
I.C.A.N. at 200, 325 an 485 knots I.L.S. until cabin temperatures had
stabilised with the air selected fully cold. During the 200 and 485 knot
levels the air supply was selected HOT for a few minutes after ta-ke-off
in order to induce some heat into the cabin and thereby facilitate
assessment of the rate of subsequent cooling afforded by the C.j.U. when

the air was selected COLD. During the 325 knot level the air was selected
COLD until stabilised temperatures had been recorded and then the gate
valves were closed thus blanking off all ventilation to the cabin. The

subsequent temperature rise was noted. Automatic observer shots were taken

at inutc intervals during each flight.

4.2 A Godfrey 3.6 to 1 P.R.C. had been installed during the trials

mado at Boscombe Down but prior to departure for Khartoum this was removed
and a similar unit set to control the pressure ratio at 4.2 to I was

installed. This unit was found to be unserviceable on arrival at Khartomn

and the 3.6 to I P.R.C. was refitted for the remainder of the trials.

4.3 During transit from Boscombo Down to Cstel Benito and Castel

Benito to 7adi-Seidna, a record was kept of the cabin temperatures
together with the position of the air conditioning control which. was

regulated as reqLired to maintain comfort.

4.4 During the flight trials made under tropical conditions at

Khartoum the aircraft was flown at 3000' IfC.A.N. at 200 and 325 knots I.A.S.
/until.. 0...,
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__until cabin tempervtures had stabilised. The trial was ropeated at both
speeds, firstly with the C.A.U.. in operation and the ram air ventilation off,

A and secondly (in order to assess the degree of cooling afforded by the O.A.U.)
with the ran air on and C.A.U. off. A comparison of the results will be as
between a standard aircraft and one fitted with a C.A.U. Sustained low level
flying at speeds in excess of 325 knots was found to be impracticable owing
to severe bumpiness. sutomatic observer shots were taken at minute intervals
during the trials made with the C.A.U. on.

4.5 The 200 knot level was repeated at night (under conditions of no
solar radiation) both with C.AL.U. on and ram air off and vice versa. These
trials were made imediately after sundown whilst the O.AL.T. was still high
enough to allcv a reasonable comparison to be made bet een these results and
those obtained during the day. Automatic observer shots were again taken at
minute intervals throughout the flight with the C.A.U. on.

4.6 During the trials already described, particular attention was paid
to the different levels of comfort experienced during taxying, both with end
without using the C.A.U. The different temperatures recorded under the two
conditions are shown in tabulated and graphical form together with the
results of the flight trials (see para. 5.3.).

4.7 Ground temperature trials were made to determine the cabin
temeratures and humidities reached when the a/c was parked in the sun.
Comparative trials were made under the following conditions:-

(a) Standard black painted aircraft without protective covering or
sun awning.

(b) Standard black aircraft with sun awning in situ in cmjunction
with a white painted nose bag and a strip of fibreglass over
forward fuselage.

(c) Front fuselage covered writh white paper to simulate a white painted
finish.

Two views showing the arranger ent of the sun awning and white paper
covering are shown at Figs. 43 and l

4.8 Trials were made to determine the degree of cooling afforded by an
M.L. uvition Coolair 1rinor, (an air conditioning unit designed for use on
aircraft parked in the tropical sun). The aircraft had been parked in the
sun from 09.30 to 15.00 hours. The Coolair Minor was started at 15.00 hours
during trials (a) and (b) above and cooling continued for 30 minutes.
Following completion of cooling, the subsequent rise in cabin temperatures
was recorded at 5 minute intervals for a further 30 minutes.

4.9 Prior to departure for Khartoum the Coolair Minor had been tried
at Boscombe Down and it had been found expedient to provide a diffuser nozzle
at the outlet of the delivery hose to distribute the flow of cooling air
more evenly throughout the cabin. The diffuser was used during all the
subsequent trials made at Khartoum. A photograph of the diffuser appears
at Fig.45 and the arrangement of the Coolair inor during the trials is
shown at Fig. 46.

4.10 A Godfrey R. 2000, Air conditioning Trolley was available for a
short period and brief cooling trials were made under condition (b) above
to obtain further data on the amount of flow required to provide adequate
cooling. t4 general arrangement of the Godfrey R.2000 Trolley is shown at
Fig. 47.

4.11 Engine bay temperatures at the positions mentioned in para. 3.4
were noted whilst the aircraft was parked in the sun during trial (b)
(see para. 4.7). These temperatures were also recorded during ground
running. 

/4.12.......
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4.12 In order to collect data on possible canopy misting tho aircraft
was flown from Khartoum to Aden at 43,0001 I.C.A.N. This was followed by a
maximum rate descent at 6500 RP.M., Maoh No. .8 and dive brakes out, to

3 , 00 Ot I.C.A.N. (mean descent rate approx. 8000 ft. per minute). The air
conditioning control remained in the hot position throughout the transit
flight and during the first part of the descent but was seleoted cold at
20,000' I.C.A.N. during the descent.

4.13 In order t2 determine the need for and effectiveness of the water

separator, trials wore mado at Aden both with and without the separator.

The trials included flights at 100 ft. over the sea at various airspeeds up
to 350 knots I.A.S. The effects of fogging and condensation in the cabin
were noted during the flights both with and without the separator.

5. Results of Trials

5.1 The tabulated results of the trials made at Boscombe Down are
shown at Figs. 17 to 19, and graphs showingq the temperature ranges throughout
the flights appear at Figs. 20 to 22. A graph showing the average cabin
temperatures during the same flights is shown at Fig. 23.

5.2 The tabulated results observed during the transit flights are
given at Fig.24 and graphs showing changes in the average cabin temperature
and position of the air conditioning control appear at Figs. 25 and 26.

5.3 Results of the trials made during daylight at Khartoum are given
in tabulated form at Figs. 27 to 30. Graphs showaing the temperature changes
recorded during the flights appear at Figs. 31 to 34 and comparisons of the
average cabin temperatures are shown at Figs. 35 and 36. The results of the

trials made at night are similarly shown at Figs. 27 to 41 -whilst a comparison
of the average cabin temperatures recorded during the three flights made with
the C.j&.U. on is shown at Fig. 42.

5.4 The temperatures recorded whilst the aircraft was parked in the sun
and during the subsequent oaoling trials are 3hom in tabulated form at
Figs. 48 to 50. The average cabin temperatures under the three conditions
(see para. 4.7) is shorn at Fig. 51.

5.5 Eng7ine bay temperatures recorded both during ground running and

with engines stopped ore g7iven at Figs. 52 and 53.

5.6 Thu effects of canopy misting during a rapid descent and of fogging

up during flight without a water separator are discussed fully at paras. 8.2

and 9#2.

6. Discussion on Cabin Temperature Results

6.1 During all the cabin temperature trials the average of the seven

temperatures recorded at distributed points in the cabin is considered to

be the best possible indication as to the degree of heating or cooling

afforded by the air conditioning system.

The individual measurements at the same seven positions show the

effective distribution of the heating or cooling supplied.

6.2 The amount of cooling afforded to the cabin by the Cold ir Unit

and its associated components appeared to the crew to be reasonably evenly

distributed although the temperature range at the stabiliseC condition of

each trial was w ll above the 50C recommended by A.P. 970. Fig. 54 shows the

actual temperature rangos recorded during the flights with cold air on and

each graph has similar tendeneies, the temperature at the pilot's feet being

the lovest in each case. It would appear that diversion of some of the flow

from this position to other parts of the cabin would result in P mere even

temperature distribution. The same ducting is also used for supplying heated
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air to the cabin at high altiturlu and reference to the results of the
transit flights at Figs. 24, 25 and 26 will show that with an O.A.T.
lower thnn - 5500 the heating supply is ample to maintain comfortable
cbin temperatures (vurge 2400) even without selecting full hot. With
an O.A.T, of - 7500 (A.P. 970's minimum essential requirement) it is unlikely
that cabin temperatures will fall below zero and they should certainly remain
well above .500 (A. '- . 970 minimum requirement).

The temperature at the pilot's feet during transit was at all times
within 400 of cabin average and it would appear that alterations to the
supply ducting to rlistribute the cold air more evenly would have adverse
effects on the hot air supply. The present arrangement can then be
considered satisfactory as regards distribution of the air but further
corents and suggestions for modifications are discussed at para. 6.12.

6.3 Reference to Figs. 17 to 22 giving the results of the trials
made at Boscombe Down will show that a cold air system is desirable for low
level flying (particularly at high speeds) even under temperature conditions.

The average stabilised cabin temperature with an O.A.T. of 1200 was 10C
higher than A.P. 970 max. (3300) at 485 knots, the highest temperature
recorded being 4000 at the bomb aimers hands. It appears that a greater
degree of cooling is desirable even under temperate conditions.

6i4 During the 325 knot flight at Boscombe Down the gate valves wore
closed after the temperatures had stabilised and although the temperature
at the pilots head showed a rise of 1700 in 15 minutes, the average temperature
rose only 400 in the same time although no ventilating sir from any source
was being provided.

6.5 The results of the trials made at Khartoum are showTn at Figs. 27
to 41 and comnrison of the average stabilised temperatures recorded during
these flights both with and without using the C.A.U. show that only a small
reduction is afforded by the unit.

At 200 knots the nvcra(c tempurature with ram air ventilation only was
5000 and with 0.A.U. on was 400 lower. At 325 knots the average temperature
with ram air only was 500C and with C.A.U. on was 900 lower.

Although the temperature reduction afforded by the C.A.U. was small
the difference in crow comfort was very noticeable and out of all propcrtion
to the small change in actual temperature.

It is apparent th:Lt temperature alone is not an indication as to comfort
and that other factors are assisting the maintesancq of comfort at temperatures
normally considered excessive. It is well known that a more reliable index
of crew comfort is given by "effective temlerature"; but due to uncertainty
in the measurement of humidity, this has not been quoted.

Acute discomfort was experienced by the crew when flying under

conditions of ram air ventilation only. Rapid perspiration continued
throughout these flights and the relief felt when the C.A.U. was eventually
switched on was imaiediately noticeable notwithstanding a negligible
temprature drop.

6.6 The relative humidity in the cabin under conditions of ram air
ventilation only, varied from 71 to 81of and with C.AU. on from 62 to 7,6.

The lower relative humidity could account for a small improvement in
comfort during the trials with cold air on but the effect of this would be
hardly noticeable. The vastly improved comfort level with cold air on is
probably due to maintaining a high flow of cool air over each crew member
thus assisting the rapid evaporation of purspiration resulting in a feeling
of comparative comfort. It is probable that flight under conditions of
ram air ventilation only would not have been so severely uncomfortable if
the air hod boon supplied in the sme positins and in the same quantity as

/the ......
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the cold air. It wrs however supplied through one louvre only (see Fig.7)
_and in insufficient quantity to prevent stagnation in most parts of the

cabin. The amount of roa air suppliod through this louvre was in fact loss
than 1/40th. of that supplied by the C.A.U.

6.7 The clothing worn during the trials varied but was at all timnes
roughly the equivalent of a lightweight' flying suit over vest and trunks.

The degree of comfort attributed in para. 6,6 to a flow of cool air to
assist evaporation of perspiration would not be so apparent if heavier
clothing were worn in yroparaition for high altitude flying with the possible
necessity of abandoning the aircraft.

6.8 The actual temperatures recorded during flights made at 20,000 and
30,000 fact with cold air on are not quoted in this report but it was
particularly noticed that the crew members who had become acclimatised to
tropical conditions began to feel very cold then the average cabin temperature
fell to 20PC. With an average temperature of 4000 each crew member felt
comfortable although this is 70c above A.P. 970 max. A.P. 970 minimum
requirement of -5oC mioy be sufficient to maintain comfortable conditions
for persons accustomed to arctic conditions but the heating supply necessary
to meet this requirement would be inadequate during high altitude flying
by crew members acolimatised to higher tem)eratures.

6.9 The comfort levels noted during these trials are so widely divergant
from A.P. 970 requirements that it is considered unwise to attempt to correct
the recorded temperatures to A.P. 970 max. and min. conditions.

in view of the probable inaccuracy of any correction factor used for this
purpose the resultant figures w ul1 in any case be misleading.

6.10 Durini taxying the C.A.U. was found to be of but little assistance
in lowering the cabin temperatures and -enerally uncomfortable conditions
prevailed until take-off when a stronZ stream of cold air emitted from the
louvres offered immediate relief.

It is again pointed out that li-htweiht clothing was worn during these
trials and the relief afforded by the airstream would not be so apparent if
heavier clothing had been worn in anticipation of high altitude flying.

Oonditions whilst taxying with the C.i .U. on were hoticeably more
comfortable than Ywith rem air only and this was due mainly to the emission
of puffs of cooling air when the engine R.P.M. were occasionally increased,
thus preventing the stagnation which prevails in the cabin when rem air
only is selected.

Fig. 55 shows the engine compressor pressures available for air

conditioning during ground running and it is apparent that only a negligible

degree of cooling can be expected during the normal taxying range,

The variation in mass flowm with engine delivery pressure is shown at

Fig. 56. At the pressures available during taxying a mass flow in excess

of 4 lbs. of air per minute is unlikely even during short bursts.,

6.11 The entry of all air supplied to the cabin is via the louvres and

fishtails shown at Figs. 7 to 13.

Although the present distribution of the conditioning air supply is
generally satisfactory it is considered that a substantial increase in mass

flow will be necessary if comfort is to be achieved by low cabin temperature.
rather than by the present arrangement of localised cold air streams.

The former is obviously preferable if it con be attained as it would
provide for heavily clad crew members.
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___ The existing arrangemnt of cabin duoting is however unsuitable for
the provision of a mass flow greatur than that already supplied as the
strong airstroams cxcporiencedl at high speeds beoeme distracting and the
design of the louvres is such that any attempt to deflect the air stream
results in a corresponding reduction in area of the internal orifice, thereby
restricting the flow.

The provision of a Creater mass flow would then necessitate either an
increase in the number of louvres of preferably a redesignod form of ducting
with provision for diffusing the suipply of air at the cabin inlets.

A length of perforated tubing surrounding the cabin at two or more

different levels is envisaged as a possible improvement but only if the mass

flow is substantially increased. The provision of this form of ducting

without improving the supply could result only in reducing the cooling
effects provided by the existimg localised cold air streams.

An improved form of louvre permitting deflection of the air stream in
any desired direction without affecting the flow would however improve the
present system. Reference to Fig. 7 will show that apart from the louvres
the only air supply to the cabin is via tw-o fishtails and one small diffuser.
Closure of the louvres anci 6iffuser, (which could happen during flight by
independant airorew action) would heavily restrict the flow and possibly
cut the supply to a level less than the cabin leak rate thereby preventing
effective pressurisation,particularly if the fishtails became damaged (see
Fig. 13).

6.12 Except whilst parked in the sun and during subsequent taxying
the ttmperatures at the accumulators, radio and ryro instruments are not
likely to exceed the A.P. 970 maximum of 5500 although reference to Fig.24
shows that the temperatures at the accumulators fell belov A.P. 970 minimum
(cC) during the transit flirht at 42,000 ft. with O.A.T. -57 0C.

The actual temperature recorded was -50C and this would become
substantially lower at the A.P. 970 minimum essential condition (.750C).

6.13 Followin- the low level flihts at Khartoum it was discovered
that the hot air su ply fed to the rear camera haa melted the gelatine
emulsion on the filter.

Reference to Fig. 1 , will show that the air supplied at this position

is tapped directly into the engine compressor line and is always hot

irrespective of the position of the cabin conditioning control. The temperature

of the air emitted at the czero- was not recorded but reference to Fig. 57
shows that it could be as high as 2500C.

The provision of a thermostatic unit to control the supply at this

position appears desirable although diversion of some of the flow to the

accumulator bay (see para. 6.12) might stop recurrance of this trouble

providing sufficient heat is still maintained under low temperature conditions.

7. Discussion on ground temperature and cooling results

7.1 The cabin temperatures recorded whilst the aircraft was parked

in the sun and during subsequent cooling trials with the Coolair Minor and

R2000trolleys are given at Figs. 48 to 51.

7.2 If the standard black painted aircraft remains in the sun

unprotected, the temperatures throughout the cabin become excessive and

all metal parts become too hot to touch with the naked skin. The highest

terperature recorded was 8100 at the pilots head when 0.A.T. was 410.

The average temperature was 6800 and the range between the highest and

lowest temperatures was 2100. Buckles of parachute harnesses left in the

seats became so hot that fitment of the parachute was an unoemfortable

process and the hot Inetal parts could be felt through thi clothing. EIry

into the cabin was difficult in view of the high temperatures of the metal

/structure...,.
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around the door and vital controls wore too hot to touch unless gloves
were worn.

7.3 Steps taken to keep the temperatures at comfortable levels included
use of the sun aning depicted at Fig.43. The highest cabin tomprature
recorde e whilst the awning was in situ was 4700 at the pilot's foot when
O.A.T. was 4100. The average temperature was 4600 and the range between
highest and lowest temperatures was only 300.

To airorew acolimatised to tropical conditions the rise of 500 on
entering the cabin was not uncomfortable: in fact entry offered shelter from i
the direct rays of the sun and conditions were more tolerable than when
standing outside unsheltered.

The awning was used thuoughout the trials maie at Khartoum and was
left in position during starting up and removed only when the pilot signalled
"checks away". The subsequent rises in cabin temperatures whilst taxying
varied from 3 to 600 in an average taxying time ef 5 minutes.

7.4 Further trials with the forward fuselage covered with white paper
as shown at Fig.44 resulted in a ma ximum tempcrature at the pilot's hands of
6300 when O.A. T. was 4100. The average temperature was 560c and the range
between highest and lowest temperatures was 1300.

Entry into the cabin under these conditions was still uncofortable but
a marked improvement on the conditions that prevailed during the trial without
protection.

The effect of a white .jinted finish on cabin temperatures during taxying
and in flight could not be tried but the results obtained during ground trials
show substantial reductions in tem-,pratures and it is considered that a marked
improvement would be noticed durin: flight.

Fig. 44 shows the white paper coatin,; extending over the pilots canopy
.-s far zs n strairht line drawn between the two aerials. It was found that
this did not affect the rangeP of vision of the pilot when his harness was
fastened, in fact the cover coul, bQ extoneuo a further 6" forward on the
centre line of the aircraft w;ith a r dual sweep back to the tops of the
aerials. The coolin' advantages of reduoinr" the area of transparency are
obvious, and since the alteration is so sipryle it is felt that Service
experience should be obtained by Squaicrons in tropica areas.

7.5 The cooling trials made with a Coolair 11inor showed a drop in
average cabin temperature of 1800 in 30 minutes with o.n unprotected aircraft
and 700 in 30 minutes when the awning was in situ.

The subsequent rises in temperature when cooling ceased were respectively
7 and 50C in 30 minutes. In view of the successful results obtained with
the avning it is considered that the degree of coolinc7 afforded by the
Coolair Minor does not merit its use for cabin cooling on this type of
aircraft. Entry of the large diameter hose through the small doorway
restricts the space available for servicing and this method of introducing
cooling air is not reoonoended.

7.6 Although use of the Coolair Minor for cabin cooling is considered
unnecessary it has been employed successfully for maintaining suitable
working conditions for servicing personnel (not necessarily in the cabin).

The rate of flov and temperature of the air supplied ar insufficient
to cause c .:hysicp.l shTock .u, t- tL, r,%ji, co,_liny an,' this trolley is ideally
suited for the purpose stated.

7.7 Briuf cooling trials made with a Godfrey R.2000 Air 0 onditioning
Trolley resulted in a drop in averago temperature from 48 to 3200 in 10
minutes. The O)z0i6T. wgas 410 and sun awning was in situ.

/This.......
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This result however was only to bc expected with a trolley having

the capacity to cool largu passenger aircraft. r -

8. Discussion of CanTy Mlistin" Test

8.1 During the hifrh altitue transit flight preceding the maximum

rate of descent for csin7 canopy mistinr- effects, the whole canopy

forward of the aerials iced u,, between the sandwich layers. The aircraft

had to be flown on instruments throu:htut the fliqht as the only part of

the canopy forwexd of thu aerials thr-u 7h which vision was possible was

within a 2" radius of the air inlet. The D.V. panel remained clear but its

position is not suitable for constant use.

The icin, appeared to be on the inner surface of the outer canopy
layer and formed rapidly on climbing above 30,000 ft. During descent the

ice thawed rapidly below 30,000 ft. and at 5,000 ft. the canopy was

practically clear except for water droplets which remained for some tisar.

8.2 MListing on the inside of the canopy occurred during the descent

but owinr to the presence of the ice between the layers an assessment of

the effect of misting on forward vision could not be made.

The misting did not appear to be severe; it could be wiped off easily

with the hand without rapidly reforming and cleared quickly at low altitude.

9. Discussion on water separator trials

9.1 Trials to assess the need for and effectiveness of a water separator

were made at tAden where it was hoped conditions of high humidity and

temperature wouldI prevail. The actual conditions experienced during the trial

(O.A.T. 34CC an3 R.H. 51) were not as severe as was expected but the necessity

of a separator ,aas established.

9.2 The trial with the water sepprator removed was made Xt 100 feet

over the sea and within a few minutes after take-off the rear portion of

the cabin had become so badly fo°cred up that instruments only 15" -way from

the observers eye could not be read.

The jets of vapour emitted from the lnuvres were about 12" long at 200

knots and increased to about 30" long at 350 knots.

Water condensed on -ll the cabin structure and ran in rivulets to form

puddles on the floor.

The forward cabin remained fairly clear although the bomb aimer's

windov was quickly covered with water drops which ran down to form a puddle

at the bottom of the window. The pilotts -position remained clear the whole

time and no misting occurred on the canopy. This is plainly due to solar

radiation and it is probable that et night the absence of solar radiation

combined with the effects of higher humidity would cause severe fogging in

the whole of the cabin. Fogging to the extent stated showed no change at

altitudes up to 4,000 ft. but thereafter gradually decreased 
until at

7,000 ft. only short jets of vapour were emitted from the louvres and the

cabin was clear throughout.

9.3 Reinstallation of the water separator following 
by v. repeat of

the previous trials resulted in no fogging or condensation.

The louvres did at times emit short jets of vapour but these rapidly

A dispersed and caused no emnbarrasssment. Minor fdgging may occur under

conditions of higher humidity but should not be severe.

10. Discussion on the Cold Air System

10.1 The overall performance of the installation was disappointing

due mainly to the lmi engine compressor pressures at lo, ReP.l. amn tho

resultant small mass flo./ .
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10.2 The loss of performance at low engine speeds could be slightly
improved by inoreasin the diameter of the high pressure pipes but the
increase in flow thus derived cannot be expected to be substantial.

10.3 During the trials at Khartoum the cabin outlet -peratures were
approximately 1100 below the averagu cabin temperature and more efficient
use of thu cold air supplied to the cabin mi;tht be obtained by installing
baffles in the region of the discharge valve.

10.4 Graphs showinp tomporaturu and pressure variations in the cold
air system are shown at Figs. 57 and 58 whilst variation in pressure ratio
with engine delivery pressure is shown at Fig.59. From the latter it
appears unlikely that pressure ratios in excess of 3.6 to I will be attained
and as the unit is alruady suitablo for operation at a ratio of 4.2 to I
it miay be possible to discard the P.R.C. Further trials with an improved
production version of the system may substantiate these observations.

10.5 A mass flow sufficient to cool the cabin during taxying can never
be attained with the present system which derives its supply of air from
the engine compressor casing.

The provision of separate engine driven compressors could however provi.2
an adequate supply of ventilating air which due to inefficiency of the heat
exchangers durinr taxyin! may not be Oelivered at very low temperatures but
would prevent starnation in the cabin and possibly keep the temperatures
lower than does the present arrangement.

10. 6 Fir,. 60 shows the observed variations in mass flow with indicated
air speed and it is noted that the flo, does not materially increase at
speeds in excess of 350 knots.

11. Defects experienced during Cold Air Unit trials

11,1 Apart from the unserviceability of the 4.2 to I P.R.C. mentioned
in pare. 4.2 all major components in the system behaved in a satisfactory
manner throu-hout thu trials, althou-h some troubles were experienced with
3ncilliary equipment (see below).

11.2 The screwed type of pipe connection used for the hi,-h pressure
pipe run between the gate valve and Teddington control valve was mated
with threads of like materiel which picked up when attempts were made to
tighten or loosen the joint.

Bad leaks had occurred at these joints and an improved method of mating
the pipes is desirable.

11.3 The clamped type of pipe coupling used elsewhere in the system
is generally satisfoctory but prone to overtightening. Failure of a clamp
during the trials was attributed to this and a redesigned clcV. to prevent
overtightening is recommended.

11.4 Pipe la-ging on the system had been carried over the pipe joints

preventing easy inspection and access. It is considered that the amount

of heat lost by onrjission of lagginr from the region of the joints would be
ne,-,igible.

11.5 Failure of the diaphrajm in the port engine A.C.U. led to strong
kerosine fumes entering the cabin via the cold air system. The tappings

in the engine compressor casin!g for the cold air system and for the
pressure line to the A.C.U. are closely spaced and a wider spaoinrs should
prevent recurrence of this trouble.

12. Conclusions and Recommendctions

12.1 The stabiliser? ceabin temperatures reached whilst toxying and

during all conditions of low level flying in tropical conditions with the
/c.A.u. . ....
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C.A.U. in operation are in excess of the A.P. 970 recormmended maximum (3300)
____ but providin ,, the crow are acolimatised to high temperatures and woar light-

weight clothing, comfort is maintained at a satisfactory level by virtue of
the jets of cooling air eitted from the louvres.

Although the cabin conditions are a marked improvement over those
prevailing in an aircraft not fitted with a 0.A.U., it is considered that
the degore of cooling afforded by thu unit will be insufficient to maintain
comfort if the crew are heavily oled in preparation for high altitude flying.

Modifications to increase substantially the mass flow and to diffuse its
entry into the cabin are recomnended, particularly at the low engine R.P.-.
used whilst taxying

12.2 The results of the ground temperature and cooling trials lead
to a recormendation that the aircraft be finished with a glossy white surface
particularly oeve the upper surfacu of the forward fuselage and canopy. Sun
awnings should be introduced as standard equipment and consist of white canvas
stretched over oollapsable structures to permit simple storage and transit.

Cooling trolleys are not necessary for preparinrg the cabin for the
aircrew but should be introduced in small nunbers for servicing use.

Ythere the introduction of coolin7 air to an aircraft cabin is necessary
it is recommended that the surply from the coolinp trolley be fed into the
aircraft's normal ductin;7 by means of an adaptor (for attachment of the
delivery hose) which should be situnte, externally e.,-. in the wheel well.
This would leave the cabin doorway free of restrictions and permit easier
access for servicin7 personnel.

12.3 It is recormend -, that the hot air supply to the rear camera be
controlled a-s require3 to prevent damage to th carr filters and that
additional heatin: be provided at the accumulators.

12.4 The water separator is an essential component of the cold air
system an2 should remain fit-t"'2

If the mass flow is increased a, larger capacity separator may be
necessary.

13. Further develo;mentz

13.1 Further trials will be necossary if the cold air system is modified
in accordance with the recomzndtions mode in por%. 12.1.

A repeat of the trials made at Khartoum may however be unnecessary and
a comparison of results with those already obtained under temperate conditions

may be sufficient.

13.2 The results of cabin heating trials made in the U.K. after return
from Khartoum vill be the subject of a separate report.
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COnberra Vfl, 954 Trial aarlo at Bosoombe own on 9.6.52

Start up 1825 hrs. Taxi 1826-1830 hrs. Take-off 1831 hrs.

-I.i"S. 200 knots Altituo 1500 f t.I..a.N. Outside R.I. 9b

'Local time 1182 6 11830 1832 1835 1840 1845 850 1855 900 905

Engine Port 2500 7700 6200 6200 6200 5200 100 100 1700 1
R.P.M. Stbd 2600 7Z00 6200 6200j6200 200 100 100 6700
Cabin Inlet 25 10 60+ 60+ 2 0 0 0 0
Temp Outlet 25 25 28 30 28 25 22 22 22
EnCino Port ,60 210 150 150 150 150 150 150 190
outlet Stbcl. 70 210 150 150 150 150 150 140 190
terp. -

Engine Port 6 70 22 29 29 29 28 28 46
Outlet Stbd. 70 29 28 28 28 27 27 47
Press.
Turbine Inlet 25 25 22 22 22 25 25
Temp Outlet 20 0 0 0 0 0 0
Turbine Inlet 1 47 23 2 22 22 40
Press. Outlet - 5-: 2- 2-- 2 8
Com:)rssor Inlet 3 50 25 5 5 21.. j 31
Press. Outlet 2 27 40 24 23 23 42
Dompressor Inlet 30 35- - 40 35 3.
Temp. Outlet 80 75 75 7 80
Primary Inlet
charge Outlet
Temp.
Air Ten-, at Inlet - a 40 10 -0 40 L0 45

imary Outlet 25 25 20 20 20 20 20
Heat Exch. _

air Temp. -outlet Soc.Ht.Ex. 30 35 35 3 - 55 40

Air Press.-intakc Pri.. Ht.Ex.kts. 170o_ 180 160 1 200

rcss.Diff.% C Prim.Ht. Ex. kts._ 130 130 120 1120 150.F.V. Outlet Temp. 110 7* 7 0 50•

enturi C.4 .U. Press. - 1 72 1. 2.1 2 3
rimary chorre inlet press. 3 - 61 20 20 18 1 18 37

essure Ratio I 1 2.6 -22

ass Flow lbs/min. .6 121i12.1 11,9111.8'17.9

.A.U. R.P.M. 1  i W1 i 3OW900 180041 80039000

Cabin Pilots 30 32 30 32 33 35 30 28 28 28

Temperatures HeadPilotsI

Hcnds 26 28 28 0 2 1 28 25 L
Pilots
Feet 22 25 22 30 31 26 22 19 18 1 18

NaVs.
Handls 26 29 30 30 30 32 30 29 28 28
Navs.
Feet 24 25 27 28 28 29 29 28 28 29
B.A. 's
Hands 26 30 10 31 12 33 33 33 32 32

B.A.'s
Feet 23 27 27 27 28 29 28 28 27

veraf:e Cnbin Temt.25 28 28 30 31 31 28 27 2 2L

, .ccumulators 20 22 24 25 26 28 28 28 2822

Gyro lsts. 22 23 24 5 26 28 25 23 22 2 _

Rac'io 22 22 2 2' 2T 28 28 27 25 2" .

iTrue O.A.T. 15 1 12 12' 12 12 12 12 12
Cabin

Remarks --Cold Afr---4- Hot Aic.14....- Cold Air

Cloud. 6/10 at 1700' I.C.A.N.
Pilot felt cool at 1900 hours.
Observer comfortable throurghout flirght.



iib___ WD 95 Trial inao.Q nt Boasorbe Down o1293652

t',rt u' 1100 hrs. Taxi 1101-1107 hrs. Taku-off 1108 hrs.

1. A. S. 325 knots Altitude 1900 ft. I&N Outside RH, 9C,._

Local Time 1100110 . 1110 1115 1120 11 130 1135 114011145 ti50
ngin' , Port . ....... 1800 ,1700 = 0 600 6 400 640 0 65oo65b 6500 5oo '00

.P.M. Stbd. 1900 2200 5700 5500 6400 64O0 650o 6500 6500 5600
10:bin Inlet 20 10 0 0 0
l'L Outlet 30 30 22 22 22 20

Enrine Port 225 190 190 180 I_0__
Outlet Stbd. 220 190 "190 180 190

lnaine Port 5 70 -

Outlot Stbd. 10 70 45 45 45 45

-urbino Inlet 20 3o 30 - -20

em*. Outlet 20 0 0 0 0 0 
urbine Inlet 1 j5 0 4 0 1 38 10

___Outle ___0__ 1~ 5CT~Th r 11 __

ress. 1Outlet -i

ompressor Inlet 2 30 28 2728 27 -

ress. Outlet 2 50 .0 40 JO 42 -

ompressor Inlet - 40 .&O 50 50 50 50

em, . Outlet 100 90 90 90 90
imary IInlet

Tharge Outlet

Temp.at Inlet 135 40 J5 50 50 50..
imary Outlet 15 20 25 25 25 25

e a t E x c h . -T o - .

ir Tem.-Outlet Sec.Ht.Ex 320 0 40 - - .-. ...
Press-Intake Prim.Ht. 50 215 250 190 240

x. Kts. -
?ress.Diff./O Prim.1it.Ex. 4 175 220 150 220

).F.V. Outlet Tnimc. ____2

renturi C.A.U. Press. , 8 - 2.2 -.-£rimary Cha.rg. InL: Press i 60----, 23 5 i-9i.' x3 -- ___

ressure Ratio I -. 2.2 2 .2 .. 2_t5 -

ass Flow. lbs/ mn. - 21 17. 17.7 17 17.7
'.A'U,.- R.PLK. 5102..4' 0 &1600 46C. ...

Pilots 49 48 35 2S 23 22 22 32 37 39 39

Cabin Heau ---- - -

1emperatures Pilots
Hands 37 36 30 25 23 22 22 2 27 28 28
Pilots
Fee' 23 23 18 117 1 1 6 16 20 21 22 22

Hands 30 34 3 39 38 38 29 29 29 29

Navs.
Feet 22 23 26 25 25 24 21 2 24 24 24

B.A's
Hands 27 27 30 30 30 29 29 29 30 130 30
B.A" s
Feet 26 26 25 25 26 26 26 26

Average Cabin Temp. 29 2 24 26 28 28 28

Accumulators J I17 20 20 24 24 24 21 = 25 -25

Gyro Insts. 30 -30 2 22 20 20 20 20 20 20 20

Radio 20 20 21 22 2L 2 2 24_. 24 - 24 211

True 0. A.T. "3 13 _11 10 10 10 0 0 0 1 0 j 10

R. H. in Cabin Cocks off
eocks Cooks off

Remarks Off- --- ir fully cold. --- , d4-No Ventilation.---)

Cloud 10/10 at 1700' I.C.A.N.
Pilot felt ,omfortable throughout flight

Observer felt oomtortable throuphout fli-ht.
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fll'i'(rL WDl.L25LJ Triol mado at Boscombe D~own on 9.6.52

,.'t up 1448 hrs. Taxi 1!49-145"1 h s. Take-off 152 bra.

!.AI.S. 185 knots. Altitude 1500 ft.ICAN Outside R.1-, 96; %

, oa'l Time ' 1-7 145' 1O1 Ii51 515 15 $5 1530
ungine ,Port. _ _,OI'7_O-'0 7- -0 C S 720 '16007-
R. P.M. Stbd. 2340 7300 7400 7350 7350 7350 7200 500_
Obin Inlet 20 18 _ 1 60- . 0 - 0 0 0
Temp. Outlet 2 31; 3 30 30 30
Engine Port ... . 50 230 250 2 0 ?,0? 5Q 50

Outlet Stbd. 55 230 250 250 250250 50 00
Temp. 

25

Engine Port 6 75 82 80 80 80 75 0
Outlet Stbd. 5 75 85 80 80 80 75 47
Press, _
Turbine Inlet 25 50 50 5O 0 50 40
Temp. Outlet 25 21 U 0 0 0 0.
Turbine Inlut -0 1 -4 40 39 37 4
Press. Outlet 75- 1 z 1 2 4
Compressor inlut 2 20 21 21 20 27

Press. Outlet "2-1 140 W4_0_ 38 49
Compressor Inlet 1 70- 65 65 70 60
Temp. Outlet -125 120 120 125 110
Primary Inlet - - - -

Chnrge Outlet 70 70 70 70 70
Teim. _ _I

Air Te mp. at Inlet 25 35 70 65 65 70 60

Primrry Outlet 28 23 -. 0 40 40 40 30Heat Exch. ___________

Air Temo.-Outlet Sec.Ht.E . 20 25 - 60 60 60 0 55
Air Press,-Int Oke Prim.lit.Ex.Kta. __ 235 O2 0 220 230 200

Pres.s. Diff.A/c Prim. Ht. Ex. kts. -~ 225 200 210 1220 170
C.F.V. Outlet Tenp..-- 175 160 140 125 120

Venturi C.A.U. Prtss. - 6 6 5 6
Primarv Charge Inlet Press 12..L 73 =3 71 693.2
Prussurc R2tio -----

.,rss Fl .. lbs/M-. - 18.2 18.2 17.8 6 18.8
C.A.U. R..P... '-. C 1 9oo U 9 o

Pilots
Head 45 49 44 48 41 37 35 32 D2

Cabin Pilots
Temperatures Hands 35 40 36 141 39! 35- 3 32 32

Pilots
Feet 26 30 32 38 29 25 21 24 24

Navs
Hands 33 36 371 4.0 _40 39' 38 38 38

Nays
Feet 26 30 30 33, 33 3 34. 3 3
B.A's
Hands . 30 34, 36 _38 40 4 0 40O 40
B.A. 's

_ Feet , 27 30 32 34 37 351 35 35 35

-Average Cabin Temp. 32 35 35 39 37 351 34. 34 34

Accumulators 15 20 24 30 35 391 40 40 40

Gyro Insts. 31 355 3 38 321 30 30

Radio 19 20 ? A5 3 6 36 36
True O.A.T. 7 13 12 12 12 12 12 12 12

R.H. in Cabin

Remarks Cold Aiz'/&- Hot Ai l-- Cold Air-

Cloud 9/10 at 1700' I.C.A.N.
Pilot, comf0ortable throughout flight.
Observer, too worm most of flight.
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Fi,v. 27

oborra. VM. 954, Trial made at Khar'toum on 214.7,52

-,rt Up 1359 hrs. Taxi 1400-1140 hrs. Take-off 1405 hrs.

_.A.S. 200 knots Altitude 3000 ft. lOAN Outside R.H. 40%__ _

Local Time 14 4 1415

Engine I Port . 2 7800 5800 6200 6220 60 200

R.Pi, I Stbd. 3200 7700 5700 6200 6200 6200 6200
Cabin Inlet 45 30 12 10 10 10 10
Temp. -Outlet 50 45 O0 35 3 -31 55
Engine Port 7] 250 160 160 1 60 160

Outlet Stbd 5 250 160 T 160 0 160

Temp.

Engine Port 5 61 21 2 2L 21

Outlet Stbd 4 62 19 24 23 23 23

Press.
Turbine Inlet 0 60 45 40 35 35 35

Temp. Outlet ; 12 10 10 10 10

Turbine Inlet - 0 1 41 19 19 19 19%

Press. Outlet _-. 1 1 1 1
Compressor Inlet 0 22 9 11 11 11 11

Prass. Outlet 2 40 15 20 20 20 20

Compressor Inlet 60 60 62 55 55 55

Temp. Outlet 60 110 100 100 95 95 195

Primary Inlet - 5 175 160 150 150 150 1 0

Chnrge Outlet 60 85 60 50 52 52 52
Temp. _ _ _ _ _ _ _ _ _ _

Air Temp. at i Inlet 52 55 40 40 39 38 35

Primary Outlet 60 0 60 60 0 60
He,t Exch. =e

Air Temu.-Outlat See.Ht.Ex. *0 60 60 6 1 60 60 60
Air Press. -Intake Prim. Ht.E.kts. 60 T55 16 0 150 150
Press.1)iffA/c P-i , tE .ks. 94 1 1 5 1 . 11 1 5
_.F.V._Outlet-Te_. 60 .. 6.0 6 60 60

Venturi C.A.U. Press. 0 -1 2 2 2 2

Primary Charge Inlet Press. 55 12 15 15 1 5 15

Pressure Rio 2, 1.95 .'2.25 2.25 2,.25 2.25

}Mass. Flow lbs/min. 16.2 7 10.3 *10,4. 10. 101_4

C.- - Lb700 0500 AU0. R2000 2000 L-2000

Pilots
Head 46 4j 53 51 5C 50 49 49
Pilots

Cabin Hands _._ 7 50 5I 50 50 50 50

Temperatures Pilots
Feet 42 45 46 44 412 40 40

Navs.
Hands 4o 44 47 47 47 47-- 46 46
Navs.
Feet _ __42 45 45 45 45 i44 5

B. Is
Hands. 42 46 50 50 10 48 4B 48

B.A. 's
I Feet 42 43 L 43 44 4L 4 4+

Average Cabin Tem __ __ iI 5 J8 U7 _7 7+5

Accumulators 42 4 6 48 48 4 8 8 48 1

Gyro Insts. 42 43 .43J 42 kl- 41

Radio 4~- 2i~ 421 W ~~ U 1i~ 42 ___2 4

True O.A.T. 39 32 32 3ull1 o1
R.H. in Cabin - 66J66 6 6. 2 '

R k --- Air fully cold- Ram air off. - -)

Cloud: Nil.
Cabin comfortable on entry whilst parked under

awning.
Hot whilst taxying - crow perspired freely.

Comfortable in flight.



Ynberrs WVD. 95 Trial made at Khartoum on 2L.7.52

Utart up 1051 hrs. Taxi 1052 - 1102 hrs. Take-off 1103 hrs.

i.AS. 200 knots Altitude 3000 ft.ICAN Outside R.H. .

Local Time 1052 11056 110I4 1110 1115 1120 1125 113011135 1140
Engine Port
R.P.M. Stbd. . - --

Cabin Inle-
Temp. Outlet
Engine Port
Outlet Stbd.
Tom. _

.JnginQ Port
Outlet Stbd
Press
Turbine Inlet

Temp. Outlet
Turbine Inlet
Press. Outlet ------Compressor Inlut

Press. Out!ct -
Compressor Inlet -- - .

Temp Outlet ____

Primary Inlet --...

Charge Outlet i

Air Temp. at inlet
Primary --.-

Heat Ech. Outlet
Air Temp.-Outlet S,/c.Ht.E--
Air Fress.-Intckce Prim. Ht.Ex. kts.
kr s.'DMIi. A/o krim.rit. ?x.kts.
U.'. V. Outlat Temp.
Venturi C.A. U. Press.
Primary charge inlet press.......
Prssurv Ratio
Mass Flo, lbs/rsi . .--...-..
C.A.U. R2.Il.

Filots
Head 42 47 52 55 50 57 57 57 52 50

Cabin Pilots
T~.mperotures Hands 43 2 8 50 51 52 52 52 47 6

Pilots
F.et 43 45 4 46 6 46 46 40 38
Navs
Hands 40 40 42 43 45 24.8 49 49 40 43
Navs
Feet , 37 40 k1 43 45 46 47 U; 42
B.Als
Hnds 42 j 4+ 45 45 46 J8 48 47 47
B.A's
Feet 37-- 40 42 J3 J i .8 48 45 43

Average Cabin Temp. 41 47 Q 49 50 46 ld
Accumulators 35 40 42 1.3 1 L6 46 46 46
Gyro Insts. "36 38 .1 42 3 2.
Radio 34 3 38 2 0 2 i . 2 2 __--_

T r e O A . . "35 --- 6 33 3 0 3 0 30 30 30 30
R.H. in Cabin. ±6 78 80 82 8 8 8_ 8

Remarks Rai Air only - Cold Air Off - - Cold On---

Cloud Nil.
Cabin comfortable on entry whilst parked under

awnihg. Crew perspired freely when oyming was
removed for taxying. Continued heavy perspiration
t hrozhout flight.
Condi ions unobrfortablo and tiring.
Irimediatu relief whcn cold air selected at 1130 hrs.



COnberra V/, 954. Trial made at Khartoum on 24.7,52

Start up 1159 hrs. Taxi 1200 - 12011. hrs. Take-off 1205 hrs.

IA.S. 325 knots Altitude 3000ft,IOAN Ontisde R.H. 4& _

Local Time 1155 I 1202 1210 1121'5 1220 11225'1230 125
Engine Port 00 670() 6750 6700 6900 -

R.P.M. Stbd J. 2200 "700 670 7 6'00
Cabin Inlet )' O 1 10 5 5 7
T Outlet 40 35 35 35 30
Engine ?ort - 4.0 220 _225_ O0 200
Outlet
tet )tbd 40 220 225 200 200

Engine ort 4. 45 45 32 35

Outlet Stbd 4 44 45 32 35
Press.
Turbine Inlet 50 50 50 50 50
Temp. oldp] ,"t 50 5 5 9 5
Turbine Inlet 0 535 29 1
Press. Out:etl i 2 2.A. 2 2
Compressor Inlet 0 21 20 17 18 8 ___

Pross, Outlet 2 37 36 30 32
Compressor Inlet _0 70 70 50 70
Temp. Outlet 60 130 130 120 125
Primary Inlet 75 200 200 120 190

.hargo Outlet 52 70 70 70 70
Tomp. ______ __

Iir Tqrap. at Inlet 40 43 45 45 45I r2.nry

.eat Exoh. Outlut 42 70 70 70 70
Vir.Temp-Outlet SooHt. Ex. 50 7 80 70 70
Air Press-Intake ?rim.Ht, Ex,_ts. _ 180, 190 "I Ij 190
trcss. D:iff.Ag Prim.Ht. Ex,kto. 190 1 160 1 150 1 150
C.z.V, Outlet Temp, 65_ '60. 55 5 55
Vnturi C.A.U. Press, 9 5 -, 4
Primary Ch'r%.e Inlet Press, Ij 3L 35 .23 29
Pressure Retio -1 3,1 2.76 2,9
Mnss Flow lbs/iAln. 15.2 15.2 1 13.3 14
C .A , U . R , P . M . P i l o t s 2 0 7 5 0 5 'c 0 0 5 5 0 '0 4 9 0 2 0 -5

Head 40 43 46 . 45 42 40 40 40
Pilots
H nas 40 4 45 45 45 45 45 4,
Pilots

Cabin Feet 1 38 41 42 40 38 36 35 35
Temperature s NaysHands 31!. 36 43 h4 42 42 42 42

Nays t 3
Feet 36_j41 141 40 40 40 40
B.A's
Hands 40 iL __.-.AL. 45. 4L4 3 4l2. s 2.
B .At I
Feet 38 40 45 '44 44 44 4__J2 9

Avero£e Cabin Temp. 38 0 44. "42 i

Accumulotors 38 4o 5 4-5(iyr .,ss 3 w 40 38l 36 36 [36 36

Radio 36 40 1" 40 41 11 1 42 42
True OAT, 3"-6 "3j6 34 3 1 O . 0 31 30
% R.H. in Cabin 74 07 9 9 1 65

Remarks Air Fully Cold - Ram Air Off

Cloud Nil.
Cabin comfortable on entry whilst under awning,
Hot whilst taxying - crew perspired freely.
Cemfortaole during flight,



5C2nber.ra WD). 954 Trial made at Khartoum on 24.7,52

up 1259 hrs. Txi1300 - 1306 hrs. Tako-off 107 hrs.

I~._S. 325 knots Altitude 300ftICAN Outside R.H, 40v

Loe.. Time ,1300 1305 1308 1310 1315 1320 1325 11330 1335
Eine Port

RI Stb -...-

0 abin Inlet .. . . . . .

'n -ino Port
atlet Stbd.

Engine Port
Outlet StbA.

Turbine inelt -.- -

Tcmp. Nutlt '. -

Trbine Inlet
r_ Outlet
Compressor Inlet
Press. 0.tfJ - ..-... .
Compressor Inlet
Tot. p. Outlet
Prim:!ry Inlet
Ch-,rfe Outlet
T -nrp.
-i Temp at Inlet
.rinry Outlot
Heat Exch.

Air Temp.-Outlt Sc.lt. Ex.
Air Press-Intake Prim.Ft. ix. .t s. ... "'_
PrvssDiff.A/c Prim. Ht.Ex. kts. . . ...
C.F.V. Outlet Tcmp. ......
Venturi C.ii.U. Press.
Primary chir.e Inlet Pr,::s."
Pressurc R _tio . .. ..

, a s s . F l o w . l b s / i . i . .. . . . .... . .

. 1.U. R.P..1 .. . . ... . ..

Pilots

Head 40 48 5o o_ 54 _56 58 54 52
Pilots

Cabin Hends 40 45 147 4 4 9 9 45 4),
Temperatures PilotsFoot 40 .5 40 03 4 )5 35 0 8

Hcnds 35 40 45 7 8 9 50 1 L7 45
Nays.
Feet 35 J40 45 50 50 50 50 47 45
B.A's
Hands 40 4 50 51 51 51 4 -A58
B.A' s
Feet 40 45, 45 J6 48 k8 48 4- 3 4

Average Cbin Temp. 39 43 45 43 49 50 50 47
Accumulators 40 5 112 4 h 47 44 447
G ro ints. 39
Radio "3 42 42 J 3 j + 43
True O.AT. 37 1 3 31 31

R. in Cbin 73 77

Remorks Ram Air only - Cold Air Off--'-old 0n-

Cloud Nil.
Cabin comfortable on entry whilst parked under
awning. Crew perspired freely when awvning was
removed for taxying. Uontinued heavy perspiration
thwoughout flight. Very hot and uncomfortable.
Irm'diato reliof felt when cold air selected
at copletion of test at 1325 s.
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4 ~Trial made at KhartoumiiI

Start j811 hrs. Taxi 1812 - 1816 hrs., Take-off 1817 hro.

I.A.S. 200 knots Altitude 000 ft. I.C.A.N. Outside R.H. -

Night l nrt, No Solar Radicction
Loc,l T3Jmc _1012 16 1,;15 1 1820 1,25 180 1835 1840 1i85

TR--nnu iort 00_- 0 5O _522 530 590J0 5300
R122. -tbJ 5b00jpo6q5 560 500 -5-Q U700 570

Cabin nlt 0 10 10 10 10 10
Te-p. Outlvt_ __ 35 35 3 a 5 3
Engine Tr 7
Oletn ar___ 120 240 225, 140 170 165 150 165,
Outlet ..

Tem -... . Stbd 120 240 225 140 170 165 150 165
Engine 2ort 2
Outlet _ . .. __IQ._ 2- 23 21

Prcss. St17 46 44 16 25 23 18 18
Turbine Inlet _ __ 55 10 5 h 5 -5
Temp. Outlet '120 - --J
Turbin Inlt 18 16 12 1 3J
iess. ut _c- - 1 -- 71I - .

Ccs'.prescor it_- __ _ 20 10 10 10 7 8
___ s. Outl8 230 -j 1 - 4

Ceprssor Inlet 0 75 7 - 55 55 5 -55T
Tcmp. Outlet 9 0 30 140 95 95 _95__

Inlet c, 0 210 210 5 5 1541 1 _,D1
ch- rrc 0 150 _____55____ _ -: -

Tqmp, Outlet 0 75 75 55 50 501 50 5"
Air Tei-,;). al Inlet _ _35 40 45 40* 35 351 40
PrLnry- t .. -

Heat Exchr. outlut 40 75 75 50 55 55 55 5___- _ o .1
Ai Tn. OtltSeO.Kt.Ex. I - 754 -7- . 5 5 5 0 __ J, -

Air -'0css.-Intake rL,.Ht.Ex.ktsI 0 200 190 170 151 160 1 1 0
/c- -i:L.Ht. -x.kts - 0 16 160 120 1o 1-20 03

C.-.V. Outlet Tcp. _-- -

-VnAturi C.A.U. 5res, .__5 ' j -- " 1
F _Charge -Inlut Pres3. 7 31 30, 90 j5 14. 11 :z.

Lressurc ri-tie _ 2.6 . 2 . 5_ 1.33 1.9
UZass Flu., l bs man. ___-_ o.5 ) 6[1. 7.9 10 " - __~

C.A.U. R.i. ___29,500 4500 3400 42000 _3950600 E 420 )0 1~

1ada ____ 1 ...
40c~ 4-3 40 -39- 38- 37 361 33

lotsJ
Hinds 40 43 4 3_6 .__ 3__L__Cabin ilt s .....

Tc,.ipcraturos Fct ...... 40 41 40 38 37 36  35 3 2
-qavs
Iands 40 38 38 37 37 37 -3

i"1CA t 40---38 38 37, 37 3-61 361 4 34
B.A's
Hands 41 4 41 401 39 37 36 jB A 's38 3
Feet 41 44 4 0 3 8_3 ~

Ahvora,. Cabin Temp. 40-0 -- 392 A -37 36 34 3

r nt 5--'-F'- C __366 3 5136
ao 39 4 1 31 3 3

True 0.A.T. ______ 34 3~ 29 29 28 27 71_7 7
6RH. in Cabin -- 74 7 70 66

Remarks Air Clly Cold - Ra.n Air Of,'

Cloud Nil.
Pilot and observer very coiffort-ble throughout
taxying and flying.



Canberra YDl954 Trial made at artoum on 28.7.52 F 18

Start up - hrs. Taxi - hrs. Take-off 1846 hrs.

I.A.S. 200 knots Altitude 3000 ft. I.C.A.N. Outside R.H. -

Night I)yig - No Solar Radiation
Local TiLitc "84 180 11859 1900 1905

Engine iort ........
R.P.I,. Stbd
Cabin Inlet
Temp. Outlet .. .. _""

Engine Port
Outlet . ........Tem'p. S tbd _______

Engine Port
Outlet
Press. Stbd
Turbine Inlet -- ___....__

Temp, Outlet _ _ __ __

Turbine Inlet _____
-

_

Press. Outlet ________

Caaressor Inlet
Press. Outlet
Ccprcssor Inlet
Thmp. Outlet ._.
PR:imary Inlet
Charge
Toa. Outlet

Air Temp. at Inlet

Kact Exchr .  Outlet
Air Temp. -Outlet Sec. Ht. Ex."
A-ir Press.-Inthke £rim. Ht.Ex. kts

ss._Diff. Ale Prim. Ht. Ex. kts
,.P.V. Outlet Tem. .
7 nturi C.A.U. Press. ._......
._rmar r Char~e Inlet Press.
a-ossuro Ratio
'ass Flow lbs/-in.,.......
C.A.U. R.P.>2.__

Pilots
Head 42 41 41 40 41
Pilots
Hands 41 41 41 41 41

Cabin Pilots
Temperatures Feet .... .... 40 40 40 41 41

Nays
Hands ....... 37 42 41 41 41
Navs
Feet 4-7 42 40 40 40
B.A's
Hands 42 41 41 41 41
B.A's
Feet 43 41 40 40 40

Average Cabin Temp. 42 41 41 41 41
AccLunulators + 47 M, J
G ro Insts 38 __M8 37 3 37
Radio 383 8 38 3 8
True O.A.T. 26 26 26 22 27
oR.H. in Cabin 6--- 63 65 6a 7o

Reiarks Rcu Air only - Cold Air Off

Cloud liil.
Pilot and Observer sweating profusely throughout
flight. Very hot and uncofortable. Cold air
switched on at caqpletion of trial at 1905 hrs,
relief was immediate although aircraft temperature
drop was only 2cQ before landing at 1915 hours,



f FIG39.

t i

1

tj

_jPu' 
__ --"--_-" 1645

IIL

H0

iO I

I s

ZW.

C)I
LLU

w Iw

ia I ,, 
I8I

I---.--WI

6I A.S. 200 KNOTS.



FIGAO0.

1501

L--

t.

ki 0
4. 0

" L _ _ _ol_ %

0'0

1_846
010

4I45

eI4

CABIN TEMPERATURES-TROPICAL SUMMER (NIGHT)
I.A.S. 200KNOTS.



tn FIG.41.
w -I

00

(2,

w Q !,-4____

z

U.In

00

at1

F VRAGE CABIN TEMPE RATURE-1ROPCAL SUMME(NIGHT)
1. A.S. 200 KNOTS.



FIG.42.

7Z

06

5 I

'U

'tI

I'.-

SAVERAGE CABIN TEMPErTURE S-TROICL SUMMER.LiA

ji i



FFCG DO

Igala~mmo

Ltnm of ppe k WMt uigeune triai



L i^

CDIF=UDOFJ AOD~ TO ----

'%,TANAQ EQLiIPkWNT
*To PkcILJTATI

3 N,3

I

0



F1 G,46

VZ AOOW_DTO ------

3U'1ON OP

L-LNEY TO L0-As'i2 N

C- U.... . -



FIG.47,

L

oo

ujr

01

z©

cu

Z~~~~~~~ GOFE I ODTONN RLE .00



U) j' 8

* rd

*Hd( ,I4 p 1H

$48 '8

.l 0 0 NO id o

HOp '10 0 aTT

C) ~n -,-f C)t 0) 0~

U) C)Tl.4)CJ

p - 9b_ __ - - - - 0- C-.-

0) 0 8

0d ( 0 a_ :, J

0 r"__
1-l 0 * 1

;-4 0 LID

0 -P 1 I RC

4-' W, U'H

o) -P~ i )-
C) 4H P? IL. C74ON 1-0 0K)I-

0 H,0 CT" L~~~~ 0 ~ o ol~ C0 ~ ~ '~'"v

'H nt ~ 00 _- 00

O C,

C.)~ T0 ,) -

a)~ 0".

E- 4 d -r, -i

0 L I

$4~ ~ ~ ~~, '.l.l 0Cd,\0>

4.TO '. 7) 0-L) CjN0r000

0r r - 0* c

N L i fl\ LC 'o .r - 0 LfD LfN LC L'. U U U U N' IL

- 1 r fl- H 4 4 ~ ' 'z1, 0- LoNV

0I 1, En D LrZInU LAPP In itNUNNU.

N (7
'r 01,11'r I

40 ~ ~ " 4LUN C' 0 - llJ :2 .

44 U NN- -NV1 lL )0 CjI CI'

E-1ON -n



114-. -
C) rl 0

0~) Hn- *l ra, ' L' fi (
Id4 0

0 

-.

0, CC) ~
0 -1H

H HH 0 0

0

k 00

w H
HC

0 HC 'di

o b. o
01) If ICNLl fAL r

O C,~,C

0)l 0 t(-

0 1 H 0 -1

V) H
"d 4H .. .1 . . 4-
H OOT A- - - -4--to

Id 4- ~IF4
0 0 - I' I l a

C) ~U Hr { 0 0 O 0

0) 0

I~ I~ NJK
o CC)'H *7~--i

I)~~ cj Cr)J 1 j4..4 4

0 0 \. Lo -L

2 It
12t t

'-1~U- 4 1.4VS



.rd

4p -. 0

0 4-

06 0

Z 4- 0

44 C)- o C

od 0 C\J 0

Ii I '4-

H ~ "I -1 - -

0JI H I N'~-

II

C) j i i .

0. r. 0
0 '.SU Oa4 -

4~~ ~ -4-' C

0 -1i

C) 41 0 d

H9 . ilsH '-j H d
AoC) .

ui coN* L O t

c-i U-

-4 - - -

o C-~ -.' 4. -p c-

Cd rt) *:o

4- c--

p

0 43 0C
ro. n) 0I. CO 0 ' 0 l o

T-- - 0 _ 11



070

140 _ _o

ISO

*U4A

C.4

0s

30 co 00 10 z 2013

~~ AIRCRAFY PAW(ED IN SUW% ON4 HARDI-TANOtN40 HrrAcD4C 5OLrrH tftJ1 Wi

GRI



* 
FIG.51.

Tm1f JW CUT~e AIR T PeR.ATURE_____

110 15 30 .S 4 1460 1500 15 160

CDOLARPAP40O CAR W^

:flMTA~ON0 HEA C 5UTrH Lpfl __________N__use________________

GROUND TEMPERATURE-TRIALS AVERAGE CABIN
TEMPERATURES.



0anlborraL-0, 954 T.E.lJ. Khartoua 20.7.52
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