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1.

INT

1.1

RODUCTION

Requirements for the Arrow "eockpit environment"
stipulate that the temperature shall be maintained
petween 4O and 80°F and the pressure maintained
to a schedule as shown in Figure 1.
The system selected to meet these requirements is
an air cycle system utilizing air bled from
both main engine compressorsoﬁ
The system performance is dependent on engine bleed
pressures and therefore, during certain flight and
ground conditions where low bleed pressures occur,
there will be a deterioration in system performance.
A system designed to satisfy all conditions would
be unduly complex and heavy. The Arrow air
conditioning system, as is any aircraft system,
is a compromise between performance, complexity
and weight. The problem areas resulting from this
compromise are:
Cockpit cooling during standby using the
support vehicle.

Cockpit cooling while taxiing.

Cockpit cooling and pressure during descent ‘

(Normal Operation)
Pressurization during zoom to high altitude.

A final problem common to any system is system
failure,




Since these problems occur with all present day military
aircraft, considerable development work has been done on
gear to protect the air crew from high temperature and
low pressure. This gear, consisting of ventilated suits
and pressure suits, does not in itself obviate the
necessity of an air -conditioning system for the cockpit,

although it may somewhat reduce the problem. Also, the

use of ventilated and/or pressurized suits in itself

carries a penalty of added weight and complexity.

This report discusses the problem areas outlined above,
the various types of protective gear to De considered, and
the system requirements for them.

2, PROTECTIVE GEAR

2.1 The present equipment consists of

(a) the air conditioning system which controls the

cockpit pressure and air temperature within the

stipulated limits for normal flight.?*l
A pressure vest worn by the crewman and
interconnected with the anti "G" suit for
emergency pressure protection.
With the Std. Al3A mask this cear will give 5
min., protection @ 50,000 feet. With a
pressure helmet this can be extended to 5 min.

at 65,000 feet.




No special gear is worn by the crew members for protection

against high temperature.

2,2 Two

items are under development at I.A.M. which could

be fitted to the Arrow.

2.2.1

The first of these is a vent suit for protection
against high temperature. The requirements for this
suit are given as 13 CFM of air per minute with a
pressure of 10" W,G. at the suit inlet. 3Since this
suit works primarily on the evaporation of sweat

the actual air temperature can vary over wide

limits providing it is dry enough. 3, Figure 2

jllustrates the flow and pressure drop characteristicg

of this suit. The suit is currently being

developed and evaluated at T.A.M.
The second item which is presently under development
at IT.A.M. is a full pressure suit.

Since this suit covers the man in an impervious layer
it must at all times be supplied with a ventilating
air supply identical with that of the ventilated
suit.
The pressure suit is normally deflated and acts as a
ventilated suit. If the cabin pressure fails it will
inflate and can give indefinite protection to any
altitude. In this case the suit requires the same

air flow as above but at a pressure equivalent to the




3, PROBLEM AREAS

3,1 General Remarks

This section of the report covers in detail the problej
areas outlined above and the limitations of the presen
system.
It is difficult to make a positive statement as to the
severity of the problems, since we are dealing with
human reactions to an environment. The physical
characteristics of this environment such as time,
temperature, humidity and pressure, all have to be
taken into account.
In each case discussed, the following environmental
data, when known, is presented:
Duration of condition (min.)
Cockpit pressure (psia)
Cockpit mass flow (#/min.)

Cockpit air temperature in and out (°F)

This data is in the main based on a theoretical system

analysis.?7, There is therefore, the possibility of a

small plus or minus error.

NOTE: (a) The outlet temperature should be considered
the actual air temperature in the cockpit.
The air temperatures quoted are actual air

temperatures not environmental temperatures
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3,1 (Continued)
Such things as solar radiation, radiation from wall to
man, air velocity, humidity and clothing worn by
the man all effect the environmental temperature
to some extent.
(b) The moisture content of the cockpit air will be
the same as ambient since there is no moisture
temoval equipment in the system.
Tre study shows that the present equipment 1is marginal from
a temperature aspect during taxi and standby on the
ground and possibly following system failure during flight

From a pressure aspect the system is marginal during

ﬁhe zoom c¢limb.

To evaluate the seriousness of ground conditions, the
probability of the occurence of high temperatures should
be considered. Figure 3 gives this data for South
Western Ontario (Centralia.) Due to the high temperature
and humid&ty, this is considered the worst area 2

in Canada.

In order to properly evaluate borderline casas it may be
necessary to simulate conditions in a controlled test.
Work is in progress at Avro to investigate air flow,
noise and heat transfer in the cockpit 4. There is also

a program at I.A.M. to investigate ventilated suits.




Cockpit Cooling During Standby using Support Vehicle

The original ground supply requirement was for 150 1lb. of
air/min, This allowed for 27.5 1b,/min. to the cockpit.
The requirement has since been reduced to a total of 130

1b./min. with 7.5 1b./min. alloted to the cockpit.®,

Figure 4 illustrates the cockpit temperature (canopy

closed) vs. ambient temperature for flows of 27.5 and 7.5
1b. /min.

During normal maintenance work it is assumed the canopy
will be open. However, if there is an operational
requirement to hold an A/C on standby with the mobile
support equipment, particularly if the canopy must be
closed, a serious temperature problem arises, as can be
seen from the chart.

Cockpit Cooling While Taxiing

Figure 5 gives the estimated cockpit temperature vs.
amblent temperature for taxi conditions, (canopy closed).
Table 1 covers the experience to date on Aircraft 25201.
The cockpit air flow on Aircraft 25201 is approximately
15 1b./min. The expected flow in the Arrow 2 is

approximately 27.5 1b./min.




If required to taxi with the canopy closed there is a
temperature problem. However, there appears to be no reason
why taxiing cammot be carried out with the canopy open.

A technique which can be used if the canopy must be closed
is to stop the Aircraft and increase the engine RPM. The
effect of this is shown in Figure 6.

This method may also be used to clear overheat warnings in

the equipment cooling system.

3.4 Cockpit Cooling & Pressure During Descent (Normal Flight)

The air conditioning system has been designed to satisfy
all conditions during normal flight.

Figures 7, 8 and 9 give the cockpit pressure, temperature
and air flow plotted against time for an extreme mission,
The conditions plotted are for steady state conditions
which in many cases will not be reached in actual flight.
This must be borne in mind when studying the curves.

The descent conditions do not fully meet the requirements,
but are considered as transients of a short enough
duration to be no problem. In any case a descent technique
can be worked out to minimize the problem. One marginal
conditﬂon not shown is the corner of the flight envelope
covering subsonic flight @ 50,000,

This is not a realistic condition since at this point

aircraft performance is very poor.
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The conditions here are:
Cockpit Temperature in L7°F
Temperature out 7QOF
Mass Flow 15.4 #/ﬁin.]

Pressure 5.93 psia
23,000!

These conditions are considered satisfactory.

3.5 Pressurization During Zoom to High Altitude

Using the kinetic energy of the aircraft it is possible
to reach an altitude of 70,000' at M=1,65,
The steady state cockpit conditions here are:
Cockpit T in 50°F
T out 109°F
Mass Flow - 11 #/min;
Pressure - L4.89 psia -« 27,500°
This flight condition can be maintained for approximately
10 sec.
The time to descend from 70,000 at M=1.65 to 65,0007 is
26 sec, Minimum.
In case of cockpit pressure failure the present pressure
protection is approxiﬁately 1 min. at 70,000' and 5 min.
@ 65,000', (Using pressure helmet).

3.6 System Failure

Any failure which necessitates shutting down the air

conditioning system will result in aborting the mission




LIMITED s .
Nt weronrve 12/31550m 22/170

SHEET NO. l 2

TECHNICAL DEPARTMENT

PREPARED BY DATE

ENVIRONMENTAL G. Shaw May 1958
ARROW 2 PROTECTION FOR CREW CHECKED BY DATE
MEMBERS

AIRCRAFT:

3.6 (Continued)
since the fire control system must also be shut down.
The emergency procedure is to shut off air conditioning,
reduce speed and descend to 40,0007,
An emergency ram air system is provided which will begin

to operate when the stagnation temperature falls below 2?

T

100°F. ¢
The problem here is the temperature rise during
deceleration from M=2.0 covering a period of approximately

3 min. It has been estimated that this temperature rise

will peak at approximately lhOoFo An attempt will be

made to duplicate this in Avro's cockpit environment

testsl+ to establish the max. temperature in the cockpit

during this transient condition.

Figure 10 illustrates the limitation of the emergency

ralm air system from a temperature consideration. Cockpit

flow would be approximately 5#/min, @ 40,000 - cockpit

unpressurized (i.e. - Pressure dump switch "on") - and

10 #/min. @ S/L.

For general information - Figure 11 gives ram air

temperature vs. M. No,

SYSTEMS

Lol It is the purpose of this section to outline what
sub-systems would have to be added to the airframe

to cater for the vent suit and the full pressure suit.




L.1 (Continued)
These systems are discussed under the following headings:
Supply for a vent suit for ground use only.
Supply for a vent suit for use on the ground and
in flight.
As above with the addition of an emergency supply
to cater for system failure and to assist during
taxio
(4) Supply for a pressure suit including an emergency
supply.
Flow and pressure drop characteristics of these garments
have been previously stated in sections 2.2.1 and 2.2.2,
The effective cooling capacity is dependent on both
temperature; humidity and flow. Data on this is scanty.
For the purpose of system design a min. S/L flow of 13
CFM and a max. temperature of 80°F has been assumed.

Ventilated Suit for Ground Use Only System No., 1

4.2.1 This system is shown in Figure 12, Air is taken

from the main system at the start of the equipment
section and ducted to the suits via a shut-off valve

operable by the crew mqmberso
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L.2.2 With the aircraft on standby, the ground service-

ing unit will supply air at from 55 to 660F, this
temperature being determined by the requirements

for the equipment cooling air. Pressure available will
be a function of the total equipment cooling flow (see
Figure 13); if this is 122.5 1b/min (ref. paragraph 3.2)
the available pressure is 30" w.g. and, making allowance
for ducting losses and cockpit back pressure, suit flows
of 20 CFM each could be obtained. (Ref. Figure 2.)

4.3 Ventilated Suit for Ground and Flight Use (Fig. 1.L)
System No. 2

L.3.1 This system is similar to the previous one, but
a booster fan has been added to cater for a lack
of pressure under some flight conditions which result
in flows less than the assumed requirements:; this
deficiency arises because cockpit flows are
normally larger in flight (27.5 1b/min.) than during
standby (7.5 1b/min.) and the suit system therefore,
works against a larger back pressure.
Performance for the standby case is identical with
that of the previous system; the booster fan is

not essential under these conditions.




L34k

Under flight conditions the temperature of the air suppl;

to the suit will be approximately 55OF for most cases.

Should it be considered desirable to have a higher inlet
temperature, an electrical heater would be provided,
having a rating of 250 W. Adequate flow rates can be
maintained by suitable choice of the booster fan.

The suit supply temperatures from this system have been
checked for a typical hot day combat mission and the
results are shown in Table 2. It will be seen that
temperatures exceed the assumed limit for sea-level
cases at low forward speeds.

The system has no provision for meeting emergecny

conditions such as system failure.

Lol Ventilated Suit Supply with Emergency Provisions (Fig.15)

System No. 3

Loh.1 The deficienciss of the previous system can be

largely rectified by providing a storage system

of liquid nitrogen to meet the cases of excessive
temperature. A thermostat located in the equipment
supply line will be used to actuate a change-over
valve when this temperature exceeds, say, 80°F;

as soon as this temperature falls below 80°F again

the suit supply will be restored to the main system.




Z#ol#oh‘

Performance for the standby case is unaffected
by this change, and remains as for the previous
systems.

Under flight or taxi conditions the gas supplied

to the ventilated suit will never exceed 80°F and

0
will usually be around 55 F. The capacity of the

liquid storage is determined primarily by the
requirements of the taxi Cond?tion and it is
proposed to allow for 15 minutes taxi, plus 5
minutes use in flight to cover transient temperature
peaks during deceleration. This gives a minimum
requirement of 40 1lb. of nitrogen.

This system will give protection during deceleration

after system failure.

L.5 Air Supvply for Pressure and Ventilated Suit (Fig.16)

Lo5.1

System No, 4

None of the system so far described could provide
the pressure needed for a full pressure suit as they
all draw air from the low pressure side of the
expansion turbine. To ensure an adequate supply
pressure the system now under discussion takes

air from the high pressure side of the expansion

turbine, between the turbine and water evaporator.
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L.5.1 (Continued)
Air from this source is considerably hotter than it would
be from downstream of the turbine, ranging up to 215°F
and for this reason a cooler is included, using equipment
air as a cooling fluid.
Also because of the higher supply pressures involved it is
necessary to include a flow control unit; the booster fan,
can, of course, be eliminated. As before liquid nitrogen
storage is provided for emergency conditions, but a
separate line from the ground service main system supply
will be required; the heater can be provided if necessary.
Performance for the standby condition is essentially
unaltered in comparison with any of the previous systems,
An estimate of the temperatures and pressures available
at the inlet to the flow controller has been made for a
typical hot day combat mission and the results are
summarized in Table. 2. The nitrogen supply would be used
for the sea-level low speed cases where temperatures are
excessive,
This system provides crew protection for several
emergency conditions.
In the event of the main system being shut down,

pressure is still available for the suits since their

air supply is taken from upstream of the shut off valve.
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L.5.4 {Continued)
The equipment flow is not available for cooling, but,
because of the greatly increased efficiency of the main
system heat exchanger, which uses ram air, air temperatures
to the suits will be very close to ram alr temperatures.
(See Table 2.) It is envisaged that in the event of the
main system being shut down the aircraft will immediately
head for base at subsonic speed and ram temperatures will
then not exceed 30°F during this cruise. During deceler-
ation prior to reaching the cruise condition the nitrogen
system will be used.
Should there be a simultaneous flame out of both engines,
as could occur at high altitude, cockpit pressure and
system pressure would both be 1osﬁ and the pressure suit
would be supplied from the nitrogen system. For this

purpose a pressure switch is incorporated in the system

(Figure 16) so that the supply is automatically maintained.

If cockpit pressure is lost due to excessive leakage the
pressure suilt supply will function essentially as for
normal flight conditions, even though the cockpit flow is

shut off,
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5. CONCLUSION
From the study on problem areas it is seen that additional
protection is required for standby with the ground
vehicle. There are other areas where the system is
marginal, i.e. taxi, deceleration after system
failure and descentafter loss of cockpit pressure.
Table 3 is a comparison of systems studied to cover
the ground standby case and the marginal cases. Table
L, gives the weight penalty involved in these systems.
If there is a requirement for holding the Aircraft
on standby it is recommended that system No.2 be used
since it will help the taxi case.

If a decision is made for more complete protection,
system No., 4 is recommended since the weight and
complaxity is very little greater than No. 3 and the
protection offered much greater.

There are a number of technical points which should be

cleared up bafore a decision is made.

(a) The limitiﬁg rahge of suit supply air temperature
pressure and humidity. (Ref. Section 4.1)

(b) Peak temperatures that can be reached during
deceleration from M=2.0 with main system failed

(Ref. Section 2.6)




Table 1 - Taxi times Aircraft 25201

Time from engine start to take off in min,

- 43
29

20

16

7

23

37

18

8

22,3 min. Average

Flight No.

>

ORI WO

Notes:

(a) x Pilot commented on high temperature in cockpit

Date  April 18, 1958
Time 1 P.M.
Conditions Clear, Ambient temperature approximatel]
700F,

A decision was made after flight No. 6 to taxi with canopy

open if temperatures were high. Previous to this the canopy

had been closed before engine starting.

{b) This flying involved operation from a commercial air-

port with a prototype aircraft. Service flying

should involve shorter taxi times.
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