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PREFACE ]
i
]
This handbook presents the methods used in testing and
evaluating aircraft environmental control subsystems at the
Air Force I'light Test Center (AFFTC), Edwards AFB, California.
The work was done under the authority of the Study Plan for
Development of a Handbook for Aircraft Environmental Control
Subsystem Testing. f
The format of this handbook is chosen to make it easily g
used by project engineers of the Subsystems Branch, Airframe i
Systems Division of Flight Test Engineering, AFFTC. 1t is 3
cesigned to introduce a newly assigned flight test engjineer i
to the subject and provide a working reference for planning {
and conduct of environmental coritrol subsystem flight tests !
and analysis, evaluation and reporting of results, ’
i
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INTRODUCTION

The purpose of this !landbook is te provide thc AFFTC flight
test enginser responsible for evaluation of an airplane environe-
meantal control system (BCS) with thae background, philosophy and
procedures for planning, conduct, data analysis and evalustion
of BCS tests. It is advisory in nature and neither supersedes
Adlr Force requirements nor reliaves the Flight Test Cngineer of
the axercise of judgoment in its application.

The subjects addressed include the following:

1. The objective of the AFFIC evaluation and its
relationship to desicn requirementa and to the nesds of the
operational user.

2. ECS elemants and basic functions.

3. A review and analysis of requirements.

4. Planning of flight tests.

S. Data analysis and syster evaluation.

11
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OBJECTIVES AND ENVIRONMENT OF ECS TESTS

The charter of the AFFrTC is the d.velopment, test and ovaluation
of new and modified weapon syatems. In this role the Center is a
hridge between the design enginser and ithe operational user, Center
evaluations of aircraft require nct only enginesring expertise to
conduct & technical evaluaticn but also a Reern and perceptive evalu-
ation of the needs of the ope-ator and of the environment in which
the aircraft is to fulfill its aission. As an illustration of -
operator needs one may consider the tactical pilot who may have to
operate in an environment ranging from difficult and distracting to
activelv hostile, The ECS should be designed to minimize pilot
distraction and work load. Similarly, field servicing should be
fast, iimple and as errnr proof under stress as is resasonably.
feasible,

Considerable attention will necesaarily be given to testing
against specific requirements but the flight test engineer should
seek comment from flight crews with operational experience and
continuously encourage ground crews to evaluate the aircraft as an
operational system. This Handbook attempts to emphasize this
approach but in the final analysis it cannot be fully defined in
print but must be ensured by the attitude and objectives of the
test team,

POSITION OF AFFTC IN THE DEVELOPMENT aND EVALUATION PROCESS

The contractor responds to the specific, program peculiar
requirements of his contract and to general system requirements
with an "end item specification" for the BCS of his aircraft., The
contractor is required to demonstrate compliance with specifications
by flight test of an aircraft representative of the production
version. The primary function of the AFFTC is to oversee and
cooperate in these tests, perform independent analyses of the data
and, if necessary, conduct additional tests.

AGENCIES INVOLVED

Tests of the ECS are conducted at the AFFTC, usually by a
Combined Test Force, involving a number of Air Force agencies
as well as the contractor. Table 1 (page 13) shows the interest
and responsibility of each of the major ugencies involved.
It is important to appreciate the interest and expertise of the
agencies involved in order to cooperate effectively. For example,

a. The conctractor develops the aystem and demonstrates to
the System Program Office that it meets specifications.

b. The System Program Office reviows and analyzes the
data to check compliance.

12
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Table 1
INTEREST AND RESPONSIBILITIES OF MAJOR AGENCIES INVOLVED
IN DTGE FLIGE? TEST OF ECS

TYPE TEST DEMONSTRATE RELIABILITY &
AGENCY DEVELOPMENT TO SPECIFICATIONS MAINTAINABILITY
Contractor: Yes Yes Assist
ASD/SPO Direct - Check Check
o Compliance

AFPTC Liaison Oversight & Primary

Independent Responsibilities

Analysis : ‘
AFTEC No No Yes
User Command No No Advance Data

Advice
Air Training No No Advance Data
Command
Logistics No No Advance Data
Command
NOTES :

ASD = Aeronautical Systems Division

SPO = System Program Office

AFTEC = Alr Force Test and Evaluation Center

3
OPERATIONA!
EFFECTIVE

No

3

No

Yes i

Primary é
Responsibilij

Advance Dat
Advice :

Advance Daﬁ

Advance Dat]
Advice '

-1

2 8 Sl b o L A

oo il b ol o i e i

*On some in-service aircraft Air Force logistics :

Command as Prugram Manager will be the test
requestiexr rather than a System Program Office
of Aercnautical Systems Division.




¢, The AFFTC independently analyzes data, performs additional
tests as necessary, provides independent evaluation as required
and reports to the {ystem Program Office.

3 ' : The AFFTC flight test engineer conducts tests orx participakes.in
tests conducted, as necessary, to ensure that AFFTC responsibilities
are met., As the flight program and developmer.t of the test aircraft
progressas the ralative roles and responsibilities of the member of

2 N the test team will change. Initially, emphasis is on developmant

; T testan. At this time the contractcr has -a lead role while the AFFTC
engineer participates and conducts his own analyses and evaluations.
Later, emphasis shifts to test and evaluation, with increased partic-
. ipation by AFTEC and using commands. The AFI'TC engineer then assumes
g a lead role. Even though much of the work may be performed by the

‘ contractors team he must initiate and conduct tests, as necessary,
and oversee analysis and evaluation of results.

T TR TamE

. . HULTI-PURPOSFE FLIGIHT TESTS

Many ECS tests will be performed during other tests or during
flights which also involve other tests. Hence, the engineer
responsible for the LCS test must:

a. See that his tests are properly per formed.

: 15 b. Encourage the flight and ground crews to report any
incidents pertinent to the ECS,

e

With regard to the proper performance of tests, ECS tests.
are cften performed piggyback on other tests or as alternate
missions when the primary mission cannot be performed. The ECS
test engineer must see that his tests are properly briefed and that
the necessary instrumentation is functional and is used.

Also, the subsystem engineer nust interface in some areas of
test with other AFFTC organizations such as luman Factors, Reli-
ability and Maintainability or Technical Order Verification and
Validation., Such interfaces are identified in the section on
planning of flight tests. For this purpose he should identify
contacts within thesc organizations to facilitate good liaison,
For example contamination measurements and evaluations of the
functioning of pressure suits and oxygen systems may actually be
performed by liuman Factors engineers. All-weather tests are
L usually performed on the total weapon system under the direction

e of an all-weather test ergineer. The ECS test engineer works

F closely with the all-weather test engineer to develop the test
program, plans for the retrieval of his data, conducts the
analyses and writes the subsystem report,

NEOPEN
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nCS PUNCTIONS AMD BLEMENTS

The ECS perxforms the followin¢ functions when they are
required on a particular type of aircraft:

(a) Distribu;ion of engine compreésor bleed :ir between the
engine(s) and the components and subsystems that rcgquire bleed air.

{(b) Air conditioning, pressurization, cooling, heating,
ventilation, contamination control and moisture control of
occupied compartments, equipment compartments and electronic

equipment.

{(c¢) Anti-icing or de-icing of flight surfaces, radomes,
antennas and ram ‘air scoops.

(d) Removal of rain, snow, ice, frost, fog, (ust and insects
from transparent gurfaces and sensor windows. _

. (e) Pressurization and temperaturc control ¢! air for anti-g
suits, pressure suits and ventilation suits., Pres:urization of
inflatable pressure seals, subsystem reservoirs anc miscellaneous

equipment.
(£) Purging of gun gas and of vapor and fuel from air
refueling manifolds.

. (g) Oxygen suprgly.

This scction presents an overview of each of these functions and
the design approaches to them which are commonly uscd. These
approaches vary widely. For example, cabin heating on Air Force
aircraft normally uses heat from main propulsion compressor bleed
air (from turhine engines) or an Auxilary Power Unit (APU), but
it can be obtained from engine or APU exhaust heat exchangers or
from elactric or combustion heaters, The air used for cooling
also comes from compressor air bleed. This air may be cooled by
air or vapor cycle refrigeration, ram air, expendable coolants,
heat storage materials, thermoelectric refrigeration or similar
techniques, In order to preserve a reasonable degree of read-
ability, the descriptions and discussions in this section will
primarily address the approaches commonly used in Aix Force

aircraft, includings
(a) Use of engie/APU bleed air for heating.

(b) Alr cycle o vapor cycle rofrigeration.

15
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Because of the variety in design approaches and in the details
of implementation it is imperative that the ECS flight teat engines:r
become very familiar with the details of the system under test by
studying the end iten specifications of the aircraft manufacturer
and rolevant Technical Orders. IHe should resd the manufacturers

Jdesign analysis and failure modas and effects analysis for the system

and also those parts of the SAE Aerospace Applied Thermodynamics
Manual (Ref 1) which apply. He should avail himself of the special
contractor training, both design and maintenance, which is usually
given to key personn:l on a new system. A useful self taught ECS
mechanics course is available through the Education Office (Ref 2).

Simulation techiiques are available for the air conditioning/
pressurization eleme: ts of the ECS. In particular the 'BEASY'
program, available aid operating at AFFIC, is aspecificially
designed for ECS modcling. Use of such simulation can be most
valuable in:

(a) Fnsuring that the engineer is indeed familar with the
inner workings of the¢ specific system with which he is concerned

(b) Anticipatirg potential problem areas and
(c) Understanding problems which may arise.
ENGINE COMPRESSOR BLEED AIR SYSTEM

On turbine engined aircraft, the engine compressor is a very
convenient source of hot, high pressure air, which is used as the
primary source of pressurized air to supply such elements as
occupied compartments, fuel tanks, inflatable pressure seals, anti-g
suits and so on. The compressor bleed air system includes all the
ducting, conditioning and controls hetween the primary and alternate
sources (bleed ports or manifolds on the engines, auxiliary power
units, ground support equipment and so on) and the using element.
For example, it does not include the ports or manifold on the
engine or the fuel tank pressurization controls but does include.
everything in between. The bleed air system is used to provide
each ~lement with air at the rates and pressure which that
element needs.

The bleed air is very hot (approximitely 600-900 degrees F)
when it leaves the engine. The bleed air system therefore includes
a "preconditioning® heat exchanger to reduce bleed air temperature
so that the hot air will not ignite fuel or hydraulic fluid. This
heat exchanger is usually a ram air type which dumps the heat to
outside air, On some installations the cooling air for the heat
exchange is bled from the engine fan. Additional conditioning .
will, in general, be required of the air delivered to each subsystem

e
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served. For example, the air supplied to an anti=-g suit must
he controlled between 55 and 130 degrees F, that to a pressure
suit between 55 and 90 degrees F.

Inflatable seals, unlike pressurized fuel tanks, are defined
as part of the ECS. These seal doors canopies and so on to enable
pressurization. .

Figure 1 (page 18) shows an example of an inflatable scal for
the .:F=15 canopy. Locking the canopy admits air to the seal at a
regulated pressure of 20 +. 1 PSIG. Unlocking the canopy shuts off
the pressurized air and vents (deflates) the seal, :

Gun gas purge systems are used to purge accumulated gun gas
during and after firing. The main components are a purge shutoff
valve and ejector, gun gas exhaust tube, check valve, manifold
and time delay relay. The purging airflow to the gun compartmeant
is controlled by a solenoid-operated shutoff valve that is
activated by the gqun trigger switch. The valve will be held open
by a time delay relay for approximately 30 seconds after firing
has ceased. Purge air and gun gases are diracted through a ejector
to the purge exhaust port. :

In-flight refue. purge systems are used to clear the air
refueling manifold of residual fumes and/or fuel following air
refueling operations. The main components of the refuel purge
system are a purge solenoid-operated valve, a purge drain solenoid-
operated valve, and two uni-directional check valves, Precon-:
ditioned bleed air is used for purging. .

AIR CONDITIONING AND PRESSURIZATION

Under this héading we will include pressurization, cooling,
heating, ventilation and moisture control of occupied compartments
and also equipment hays. Specific approaches to cooling of
equipment, which are themselves quite varied, will be illus-
trated later in this section,

Major challahgos involved in tie above functions include:

(a) Cooling on the ground after prolonged heat soak

(b) Moisture control when the moisture content of the
outside air is high

(c) Air distribution at desired temperature and flow
conditions under widely varying oconditions of altitude (pressure),
temperature, aerodynamic heating and solar radiation '

(d) Cooling of equipment such as radar transmisters
which produce high heat loads.

17
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lleating, Cooling and pressuriszation are intagrated functiona.
For example, pressurisation of ied compartments is effacted
by supplying conditicned air in sufficient quantity to provide
proper veantilation, overcoms leaks \nd still previds enough

alr tor desired rates of increase of cabin pressure whenh the
aircraft is descending at reduced power, Om Air Poroe aircraft
pressurized air is usually taken from the engine compressor or

an APU and is already very hot. Part of it is refrigerated and
the temperature into the compartsent is controlled by mixing of
the refrigerated air with unrefrigerated air.

Eressurigation:

Thers are three pressure control modes involved; iscbaric,
differential pressure control and rate of change ocontrol., In
the first mode a selected pressure altitude is maintained in the
cabin. On transport aircraft this can be selected by the crew to
be any value between -1000 ft and +10,000 ft. The second mode
prevents the diffarential pressure from exceeding the structural
limit of the compartment, and overrides the isobaric control as
necessary. The thired mode limits the rate of change of pressure
for purposes of crew comfort. It overrides the isobaric controi
but is overriden by the differential preassure control. An addi-
tional, independent safety valve system is rejuired to prevent
structurally dangerous positive or negative diffarential pressures.

Provisions are rejuired for normal and emergency pressure
release for occupied compartments. The normal pressure release
can dump cabin pressure without shutting off the pressuriszed air
source. The emergency pressure release ai the cabin pressure
rapidly and shuts off the source of prassurised air. An emergency
ram air ventilation system is required for use with the emergency

aump,

Ventilation is usually “"open cycle", with used air being
dumped overbnard, Sometimes the used air is firat routed through
equipment compariments to condition them, or through such systems
as the galley or toilet ventilation systems before being dumped.
In a few cases "closed cycle" air supply is used, in which the air
is re-circulated with make-=up air added to overcome leaks and
80 On,

Temperature Control:

Temperature ocontrol involves both heating and cooling of
occupied areas and equipment. One of the major sources of FCS
complexity is cooling, which requires removal of heat from the
occupied area or equipment and dumping it into some “sink" such-
as the ocutside air, 8inoce the "sink” will often be at a higher
temperature than the desized cabin temperature (as with ram air

s o S .-
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on a hot day or at hi M number). a heat mwam is rowx 4,
Most Air Foroce Aaircra use "air cycle” adr c.oning, wm
air is the working tluuu the heat pump.: Nowewe :, large -Bigh'
spaed aircraft may use vepox cyele systems; simila- 'in pl-uum Eo
the domestic refrigerator or freeser, Such systexi can handle: ﬁ!.gh
loads and a large umpontm difforence betweesn the heat swm '
and the heat ulnk.

An excellent diacussion of ntttquauon uy-tnn dn:lqn £t==
given in Part 3B of Reference 1 (SAR Aercapace App !ied Thermd-"
dynamics Manual). The flight test engineer should consult thiu
concerning the particular type of system used in tlie airoraft
being evaluated. The refrigeration system mey be air cycle
(air as the working fluid) or vapor cysle. Schematics of some
of the more rapresentative types will aow be iiscussed, !ouond
by examples of actual systems (F=1S5A and E=3A),.

Basic Closed Alr Cycle System,

Figure 2 (page 21) shows a schematic of a hasic closed air
cycle system. The air passed through the cabin or equipmeat
compartment is also the working fluid of the refrigeration system.
Conpression of air raises its temperature, which makes the heat
exchanger more effective and also enables expansion through the
turbine, to provide the additional cooling needed (usually to 25-30

degrees F.).

More air is added as necessary to overcome leakage and main-
tain adequate levels of oxygen. This cycle is theoretically '
more efficient than the boot strap or regenerative cycles for
Mach numbers above ahout 2.5. It has a low operating pressure
and is easy to control, but is rarcly used in Air Force applications.

Open Air Cycle Systems.

Open air cycle systems are of three general types which will
be discussed in order of their complexity.

Basic Open Air golo System

Figure 3 (page 22) shows an illustrative schematic of this
type of system. The pressurized (hot) a.r from the main engine
compressor bleed is first cooled by a “"primary" heat exchanger
which dumps heat to outside air. ‘The oooling air flow may be
augmented on the ground by ejectors or by a fan. The prwssuriszed
air is then further cooled by erpansion through a turbine before
being passed through the cabin or egquipment compartment and dle-
charged overboard through a pressurs ragulator, WwWork from the -
turbine may be used 5y a fan to 4raw cooling air over the heat
exchanger as in the case shown. This simplas type iz uniikely
to be encountersd on Air !'orc- aircraft,
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Bootstrap Type Systen

Figure 4 (page 24) shows a schomatic of bootatrap (open cycle)
systems, ATter the air is ?lll!d through the pre-conditioning heat
exchanger i: is compressod (raising its temperature), cooled by
passage through a sacond ram air heat exchanger, then further cooled
by expansion through a turbine which drives the compressor. This
type of system is widely used on medium performance (subsonic) Air
Force aircraft such as the E«3A. Relative to the basic system, it
lowers hleed air requiremsnts. C nent wodeling and pressurization
control are relatively casy. For altitude operation it can provide
rated oooling over a wide range of flight oonditions, Some form of
assistance (fans, ejector) is necessary for ground ocooling when
no ram air pressure is available.

At Mach numbers above about 1.3 cooling by ram air in the
secondary heat exchanger beocomes inadequate, requiring either a
;ogonc:::ivo system or use Of fuel or an expendable fluid as a

eat sink,

Regenerative Air Cycle System

This type system is often used on aircraft with a high Mach
numher capability, such as the F-15 and F-16, for which the temp-
erature of the ram air may be quite high. 1t is similar to the
bootstrap type system except that some Of the cooled air leaving
the turbhine is used to pre-cool the air enter.ng the turbine and
is then dumped overhoard. Alternatively, wator from the water
separator may he used for this purpose (F-16).

Basic Vapor Cycle System.

Figure 5 (page 25) shows a schematic fo- a basic vapor cycle
systen, The refrigeration system is closed c/cle. !lleat is
absorbed from the heat exchanger by vaporizing the working
fluid, which is then compressed and condensed in the heat sink.
The refrigerated fluid flow (cabin air, etc) may be open cycle
or closed cycle. This type of system is efficient, gives high
capacity and permits placing ocooling units in remote locations.
llowever, it is heavier and less compact than air cycle systems
and requires a separate source for cabin pressurisation., Such a
system is used on the B,

Combination Vapor/Air Cyclg System.

Figure 6 (page 2¢) shows an illustrative achematic of a
vapor/air cycle system which combines some of the advantages
of hoth systems, usiny a closed cycle refrige:-ating system and
an open cycle cabin a.r supply system.
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Water SQEertOI 3¢

Moisture removal is a major challenge in a hot, humid envi-
ronment not only for crew comfort but also tc protect avionics
and to control p:'oblm of ocorrosion and funcus growth resul -inq
from condensation over equipmnnt.

With air cyegle air conditioning water separation is usually
mechanical. The air leaving the air cycle tirbine is very cold
and much of the moisture will have condensed into water droplets.
It is desirable to allow enough distance for these droplets to
agglomerate to l-2mm in size before entering the separator. A
simple separator consists of a coalescer unit to catch the droplets,
collector tubes and plates, and an internal relief valve to bypass
the coalescer if it is blocked by ice. The coalescar unit has a
filtration element which‘changes the droplets into larger drops,
which are then blown on to collector tuhes o) plates. A centri-
fugal device (a turbine rotor ox swivel turbine) can also be used
provided that the droplets are large enough for effective separation,
With vapor cycle refrigeration the water will usually condense
on the heat transfer surfaces of the evaporator unit and can be
collected in a downs :ream trap.

Examples of Actual Systems:

Figure 7 (page 28) shows the schematic of the F-15 system, which
is of the regenerative type (reference 3). The following discussicn
of the operation of air cycle systems relates primarily to this
example, but some common variations from it are also discussed.

Bleed air leaves the engines through pressure regulator/
shut-off valves (item 17 in the diagram) and goes to the prxmary,
preconditioning heat exchangers where it is cooled by ram air, the
resulting temperature being controlled by a bypass temperature
control (item 15), Some bleed air can be diverted (27) to ejectors
to induce flow through the heat exchange:rs on the ground. Air for
air conditioning then goes through the flow control (1) to the
compressor component of the compressor/turhinz assembly. This
compressed air is then ducted to the secondar; heat exchanger where
the heat of compression is transferred to rar air, The airflow
is next routed through a regenerative heat exchanger. to the
turbine/compressor where it is expanded through the turbine component.
During the expansion process, the air may be reduced to subfreezing
temperatures, dependent upon ambient air temperature and humidity

conditions. Some of this cooled air is looped back to the regen-
erative heat exchanger, (l4), to pre-cool the air entering the
turbine, before being dumped ovarboard, (It is this regenerative
feature, needed at high Mach numbers, which distinguishes these
systems from ordinary bootstrap systems.) All conditioned air then
goes to the primary water separator, downstream of which cabin
conditioning air ls channeled through a second water separator,
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mixed with non-refrigerated air to produce the desired ttmporatuto
and ducted to the cabin.

In the E=3A (referance 4) , the occupied araa‘is'divided into
four zonaes., A bootstrap air cycle system cocls the conditioned
bleed air sufficiently to cool the most Jemanding zone. ' Unrefrig-
erated bleed air is then mixed with the refrigarated air going
to the other zones to “trim® the air temperature in them as -
required,

AVIONICS/EQUIPMENT COOTING AND PRESSURIZATION

Equipment cooling requirements cover a wide range, up to very
high heat dissipation requirements for radar transmitters.
Correspondingly, a wicde range of cooling technigques is used, which
includes: p

(a) Free convection air cooling (conditioned air supplied
to the equipment compartment, sometimes from outllcw from occupied
compartments).

(b) Internally forced air cooling (conditioned air supplied
to the unit).

(c) Cold plate forced convection air cooled (equipment is
mounted on a cold plate cooled by conditioned air).

(d) Forced convection liquid cooled (1li: uid coolant pumped
through the unit and then to a heat exchanger to dump the heat"
].Oad)~ .

(e) Thermo-electric¢ cooling, using the Peltier effect, as in
the familiar thermocouple. This has been used to cool hot spots
in electronic systems.

For purposes of illustration, equipment cooling implementation
on the E-3A and the F-15A will now be discussecd,

E-3) Equipment Cooling:

FE-3A equipment cooling uses two functionally identical forced
air coolinq systems, a draw through system, a liquid cooling system
for the Surveillance Radar Functional Group and a mixed Antenna
Pedestal Cooling System.

Selected avionics equipment is cooled by two separate, but
functionally identical, forced air cooling systems utilizing
recirculating air cooling loops with ram air as the heat sink.
These systems are designated the focrward and aft forced air
cooling systems and are shown schematically in figuros 8 and 9
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(pages 31 and 32) respectively. Electric motor driven fans cirgulate
cooling air through the avionics equipment and intercommencting -ducting.
During normal flight operations, the heat rejected by the avicnics

and ahgorhed by the raecirculated air is rajected to ram air in a

heat exchanger locat2d in ram coolant air circuit., Wwhen the

aircraft is unpreasurized, ambient air is used directly or mixed

with recirculated air as dictated by ambient air temperatures

and avionics heat loads to cool the avionics equipment.

The' draw through air cooling system (figure 10, page33) is a
centrolled ventilation system which provides airflow across and.
through selected avionics equipment: loceted in the main cabin,
forward equipment bay, and the flight deck. Using cabin condition-
ing air as the cooling medium, air drawn through the equipment .
into a system of Jducts and manifolds by a motor-driven fan
(grour? mode) or flow limiting venturi (flight mode).

The Liquid Cooling System (LCS) provxdes 3 temperature
controlled flow of E:thylene Glycol Water mixture (EGW) to the
surveillance radar transmitter. In flight, the heat in the coolant
is rejected to the aircraft fuel through four liquid-to-liquid
heat exchangers. On the ground the heat is rejected through a
simple heat exchanqger cooled by a ground cart. A schematic of the
L5 system is presented in fiqure 11 {(page 34).

The Antenna Pedestal Environmental Control System (APECS) is
designed to dissipate the heat gencrated by the surveillance radar
functional group (other than the surveillance radar transmitter)
and by the Identification Functional Group (IFG) and associated
equipment (figure 12, page 35). The APECS is a combination of a
controlled air ventilation system, which provides airflow across
selected avionics, and a liquid cooling systcm which provides
temperature controlled flow of fluorocarbon I'C=-77 to other antenna
pedestal avionics. After circulating through the liquid cooled
avionics heat loads, the FC=77 is returned by a motor-driven pump
and either passes through the air-to-liquid heat e:changer for
cooling, or bypasses it, depending upon the terperature controller,
to maintain proper coolant temperature (85 + 5 deqgrees F). Air
supplied to the heat exchanger and to provide convective ¢ oling is
either recirculated air or outside air.

In the recirculation mode, which uses the heat sink capacity
of the antenna pedestal air and structure, air is (drawn across
the heat enchanger by fans and dispersed throughout the antenna
pedestal cavity and ultimately returns through the fan., o
outside air is introduced to the antenna pedestal cavity in this
mode, In the outside air mode, air is drawn in through air inlet
doors over the heat exchanger and through the fans before heing :
discharged overboard, The APECS is designed to switch to the .
outside air mode when the FC=77 temperature approaches 90 degraes ;
F. The grouad cart :wde is a modified outside air mode, the only :
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Figure 10

DRAN THROUGH AIR COOLING SYSTEM
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differences being that the air source is from an air conditioning
cart and that some air is allowed to circulate within the antonna
pedestal cavity befora being expelled.

F-15A Equipmpnt Coolings

The schematic of the F=15A BCS in figure 7 (page 28) shows how
the avionics cooling is arranged, Chilled air from the ocooling
turbine assembly is mixed with high pressure conditioned blaed
air, the mix being controlled by the avionics flow control (item ¢
in the figure) and the avionics tempexature control (20). This
conditioned air is used to cool the forward and aft avionics
compartments and the internal ocountermeasures compartment, from
which it is dumped overboard. The conditioned air on its way to
these compartments is passed over a liquid to air heat sxchanger
which supplies coolant to the radar transmitter. Emergency ram
air, if required, is :dmitted upstream of this heat exchanger and
is passed over this ard through the avionics compartments.

Other equipment on the P-15A is cooled by the fuel flowing
to the engine (figure 13, page 37). If the fucl temperature
leaving these radiators exceeds 195 degrees F additional fuel
flow, limited to 10 gel,min per engine, is bypassed back to the
internal wing tanks. This type cf system can result in overheating
of equipmeat during descent at low power or in case of engine
failure.

ANTYI-ICING, DFFROSTING AND DEFOGGING, RAIN REMOVAL

Anti-icing (prevention of ice build up) may be required for
all portions of wings and stabilizers exposed to ice, on the engine
air inlet (part of the engine system), on air scoops and on duct
guide vanes (reference S). Anti-icing, defrosting ana dofoqginq is
required for all mission essential transparent areas. This includes,
for example, areas needed for formation flying or tor evasive action.
Rain and snow removal is required for the windshield and for sensor
windows. Salt spray removal and insect and dust removal (one 120 mg
insect per 20,000 cubic ft) are required when the mission calls for
low level flight over ocear. and over land respectively.

Anti-icing of Non-Transgarcnt Axeas:?

In general, anti-icing of flight suxrfaccs is only required on
ajrcraft which have to fly both low and slowly. As a result,
full anti-icing of flight surfaces is rarely called for on Air
Force aircraft. Anti-icing is usually limited to pitot systems,
radomas (if ice would degradc effectivensss), essential air s
and so on, If, however, anti-icing is required, then the following
discussion applies.
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Anti-icing is required for the following repraesentative flight
u conditions: _ ‘ .

(1) Climb at speed for maximum rate of climb.

(2) Cruise at speed for maximum range at normal operating .
altitude, if that altitude is less than 20,000 feet.

(3) Descent (at speeds, raté of descent and engine power as

recommended by the manufacturer, subjact to approval hy
the procurina activity.)

ation below 20,000 feet typical conditions including the hiagh and

!
3 {
i ! I1f the desiqn mission of the airplane requires intormittent oper-
A i low extrermes of speed are to be included as design points.

Surfaces to be provided with anti-icing are as follows:

é ’ (1) All portiors of the wings and stabilizing surfaces
A which are exposed to ice.

dive brakes, struts and other ice accreting parts if
required by either (a) the effect of ice accumulation
{ on the noriral functioning of the part or (b) the effect

i % (2) Engine inlets, antenna meats, hinge fairings, spoilers, .
[l

T A T T SR

of increasec¢ draq on aircraft performance.

: (3) Intrances to air scoops which must function during
E : icing conditions, plus protection of guide vanes or
i at abrupt changes of Qdirection,

R s ' st

i Two levels of protection are required, "evaporative" and

; "running-wet". In the former, enough heat is supplied to

g ; completely cvaporate ice over the irpact arca, while in the

N | ' latter it is sufricient to prevent freezing over tha areca.

: For speeds less than curve A of Figure 14 (page ) complete

v t evaporation is required of all impinging water dfoplets at

3 ; temparatures down to )5 degrees F unless the entire objact is
T i heoted, In this case a running-wet surface is allaowable with a
- minimum temperature of 35 degrees F at 0 degrees I ambinet temp-
erature, For speeds greater than curve A but less than curve 3
the anti-icing systerm need only provide a running-wet surface
at 0 deqrees F amhient temperature since the runback should not
freeze. For design speeds greater than curve B no anti-icing
is required except for landing and take off.

ot il i

Thermal anti-icing is usually used., 3teady state hot air
systems are ugual but cycle electrical or cycle hot air systems
may be used if designed and installed in accordance with an

- approved contractor specification., These systams are discussed
1 in Part 3IF cof Reference 1.

[z

s il tiropp A i I 4 BT

4

AL

38

3
£
3




T~

O st Ao

AN

g,

feraf 78

3

Figure 14 Effect of Speed on Icing Requirements
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The usual approach for Air Force aircraft is to duct
pre=conditioned air from the engine compressors through passages
integral with the surfaces being heated. Iliowever, heat from a
combustion heater or an exhaust heat exchanger may bhe used.
Sufficient heat must be provided to ensure "evaporative"” anti-
icing or "running-wet" anti-icing over the area of impingement,
depending on the speec at the relevant design point (figure 14,
page 39). (In flight tests re-freezing has been encountered during
run-back.} Computaticns nust, of course, allow for heat losses
in ducting and so on. Also, considerable care is required in
ducting design to provide for the very wide temperature range
between being inoperative in a cold environment and full operation.

Cyclic de-icing heats strips of tl.a surface, approximately
perpendicular to the airflow, in a sequential manner so as to
shed the ice from front to back. Electric cyclic de=icing is used
for propeller and rotor bhlades. The electrical heaters usually
consist of heater ribbons embedded in a dielectric over the base
skin, covered hy metal cladding for protection. Flectric heat
is convenient for relatively small, reamote items such as antenna

mas ts.

Anti-Icing of T.;ansparent Areas:

The windshield :s to be thermally anti-iced by hot air, or
electrical conductive coatings (references 5 and 6). Other mission
essential transparent areas are to be anti-iced by hot air, electrical
conductive coatings, liquid spray or extendable shields or deflec-
tors. The most usual method uses external hot air jets (figure 15,
page 41), but electrical conductive coatings are also fairly
common . In the latter, the conductive layer is part of the wind-
shield lamination. This approach also assists with defogging of

the interior of the windshield.

Defros ting and Defogging:

Defrosting and defogging is regquired for all mission essential
transparent areas, including areas required for taxiing, evasive
action, formation flying, scanning and sighting stations, astro
domes, camera windows, areas required to check engine operation,
control surfaces etc., Defrosting and defogging may bes by hot
air jets, double panes with hot air between panes, double pane with
dry air insulating gap, electrically-conductive coatings, humidity
control of cabin air, or any combination of these methods. Protection
is required during rapid descent after cold soak at high altitude (a
stressing case) and in flight at constant altitude, .

Double panes with hot air hetween are susceptible to
accumulation of dust, dirt and oil and to heat stress problems
and are rarely used. Double panes with dry air insulating gap
may be conveniant for flat surfaces, especially when combined
with humidity control of cabin air., Electrical heating also is
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good for flat surfaces, and can accomplish anti-icing as well as
defrosting., However, the most commpn approach an Air Force
aircraft is to use hot air jets across the inside surfaces,
provided from engine bleed,air with temperatvre control to
prevent overheating of the‘transparency and raduce crew discom!ort.

One commonly uscd system uses conditioned cabin air diverted
from the cabin inlet duct (figure 16, page 43)., The anti-foq air
continuously passes through the anti-fog heat exchanger. Iliot air,
taken from the preconditioned bleed air, enters the heat exchan er,
transferring heat to the anti-fog air. The air is ducted to the
base of the windscreen and forced through small orifices, towar !s
the inner surface of the windscreen.

Removal of Rain, Insects, Salt and Dust:

Provisions are required (reference 5) to clear enough of the
pilot and co-pilot's windshield to provide an adequate field of
vision in "heavy" rain (0.59 inches per hour, 1500 micrometer median
droplet diameter) anc in snow for

(a) Ground taxi

{(b) Take-off

(c) Landinq approach
(1) Landing

(e) In-flight recfueling if this is to be accompllshed below
20,000 feet

(f) Level flight at 1.6 times the stall speed at maximum
weight with flaps and gear retractec for fixed wing aircraft

(g) Maximum cruise speed for rotary wing aircraft sufficient
clearance is also requeated to enable a safe landing in
"excessive" rain (1.6 inches per hour, 2300 micrometer
median dror let diameter)

Removal of insects and dust is required when aircraft missions
require low level flight over land, removal of salt spray for low
level flight over ocean or along the coast. Vertical landing and
take off aircraft require dust removal. Removal of dust, insects
and salt spray is accomplished by & Washing system.

{iethods used for removal of rain and snovw include a gqround applied
repellant which facilitates removal of intercepted rain by the
slipstream, jets of preconditioned bleed air and in-flight applied
repellant. An effective apfroach used in Air Force aizcXaft is

a combination of air jets with in-flight applied repellant.
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- by adding heat to the

OXYGEN SUPPLY

Oxygen supply may be from a liquid oxygen converter or gas
cylinders. Passenger supply may be from chemical oxygen converters
with the approval of the procuring agency. Oxygen systems usa..
standard, tested components, with layout and connections adapted
to the particular aircraft. Hence AFFTC evaluation is. primarily
directed at ensuring that the system is well laid out, funétions
correctly and is easy to service and maintain. E

A liquid oxygen system is automatically operated by
controlling the rate of evaporation of liquid oxygen with pressure
operating valves. Evagorntion of liquid oxygen is accomplished

iquid which causes it to expand and ~
therefore, raise the pressure. A buildup and warming coil i3 - .
incorporated in the system, which provides th: necessary heat .
transfer to the liquid. The pressure control valve provided in
the converter controls the rate of evaporation during flow. A
relief valve is provided to relieve excess pressure caused from
repeated cycling or low demand on the system.

When the system is filled from the servicing trailer, coupling
of the hose to the fill, build-up and vent value operates a plunger
which opens the valve to the overboard vent. Ligquid oxygen is
added until it spills from the vent. (figure 17, page 45). 1In
the pressure buildup phase a heater in the buildup and L
warming coil vaporizes oxygen until approximately 72 psi is .
reached, at which time the pressure control valve prevents further
fast liquid evaporation. '

Operation begins during the pressure buildup phase and continues
until .all liquid oxygen has evaporated. Liquid oxygen is drawn
through the orifice flow modulator to a heat exchanger, which vaporizes
the oxygen and brings it to a useable temperature, and on to the
diluter demand oxygen regulator.

The diluter demand oxygen regulator automatically mixes air
and gaseous oxygen at a ratio dependent upon cabin altitude and
delivers this mixturzs at the proper pressure to the crewmamber's
oxygen mask upon demand, With the diluter denand oxygen requlator
ON/OFF valve lever set at ON and the 100 percent - NORMAL selector
in the NORMAL position, the regulator will furnish diluter oxygen
at altitudes up to 30,000 feet, With a tight, properly fitting
oxygen mask, the regulator can be used at altitudes up to 48,000
feet with the 100 percent - NORMAL selector in the 100 percent
position. The regulator is capable of handling oxygen inlet
pressures of 50 to 500 psi. The oxygen supply’ pressure gauge
range is from 0 to 5(0 psi. The regulator contains its own
inlet filter,
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Figure 17 Schematic of Liquid Oxygen Convertor
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In situations where the oxygen supply is from a liquiqd
oxyaen converter, th: diluter deman! oxygen regulator will furnish
an emergency nondilu:ed supply of oxygen to the crewmember's
mask., By placing the EMERGENCY~-NORMAL-TEST MASK selector to Whe::
RMERGFNCY position, L00 peroent oxygen couplad with an inorease -iwm
pressure is automati ;ally supplied to the crawmember (100 perciant
oxygen will be furnished regardless of the position of the 100
percent - NORMAIL selector). This emargency function of the regulator
can be utilized in situations such as loss of a canopy in-flight,
smoke in the onckpit, suspected insufficient normal oxygen supply or
explosive de-compression,
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REQUIRENFNTS AND PROBLREM ARFAS

The ICS is a quite complex oxstom charged with a wida range
of support functions such as supplying pressuriszation to fual
tanks, air oconditioning of occupisd compartments and equipment
compartments and anti-icing. Some of these functions are
straightforvard and rarely troublesome but others such as air
oconditioning are complex and are frequent sources of problems.

The ECS is designed to a combination of general specifications
and spacifications peculiar to the individual aircraft type.
Requirements relating to human tolerances can be qun.ral!g:d.
but those related to support of other subsystems and equipment
are, naturally, peculiar to the incividual design. It is the
important function of the systems integration engineer in the
design process to dafine these "interfaces" beatween subsystems.

For the AFFTC flight test engineer evaluating an ECS, this weans
that he must familiarize himgelf with the contractor end iter
specifications.

Specifications are written primarily for use of the supplier
and the contracting agency. They therefore, contain a mass of
design requirements covering a high degree of detail. The flight
test anqgineer evaluating the end product is usually concernac¢ with
a small proportion of these requirements, In this Section we
will review and summarize those requirements which appear to be
of most concern to him and also review problem areas commonly
encountered in each area. This is a task which:

a. is impossible to do in a really adegquate manncr and
h, even if don~» perfecctly, would rapicdly hecome out of date.

It is, therefore, mo:t important that the flight test engineer use
this Section only to get the ganeral flavor of the environment

in which he is workiig and do his own research on the particular
item he is tasked to evaluate.

The gen. 1l specification covering performance, design and
testing reguirements is MIL-E-38453A, “Environmental Control,
Cnvironmental Protection, and Engirie Bleed Air Systems, Aircraft,
General Specification For". Supplementing this are specifications
for components such as air cycle air conditioning subsystems,
anti-icing egquipment. defogging of transparent areas, electronic
equipment and so on. These will be referenced at appropriate
places below. ‘

Considerable attention will necessarily be given to testing
against these specif c requirements, but evaluation of operational
suitability = % 2l s be kept in mind, The ECS should be
designed i+ minimi-s crew distraction and workload. Similarly,
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field servicing should bs fast, simple and as error-proof under atress’

as is reasonably feasible. The ECS flight test engineer should seek

comment from flight crews with operational experience and continously

encourage ground crews to evaluate the aircraft as an opsrational

system, T
Cvaluation of an ECS, in 12.”“1' involves a substantial -

contribution from the Reliability and Maintainability and the

Human Factors Branches of Airframe Systems Division. The flight

test engineer who is tasked with evaluating the ECS as a whole

must recognize the cooperative nature of the effort and do his

part to ensure that in this cooperation no areas are missed and

that all available expertise is applied,

We will now briefly discuss requirements and potential
problems in the following areas:

a. engine bleed air system
b, pressurizat:.on of occupied compartmcnts
¢. eoguipment pressurization

d. supply of pressurization to reservoirs, inflatable
seals and suits

e. air conditioning of occupied compartments

f. equipment conditioning

g. anti-icing of non trangparent areas

h. anti-icing of transparent areas

i, Jdefrosting and defogging of transparent areas

j. removal of rain and snow from tranlparenﬁ areas

k. removal of insects, salt and dust from transparent areas

l. oxygen supply

As would be expected from the length of the above list, this
discussion is inevitably repetitive and boring, 1It is strongly
rocommended that the reader pass over the dstall somewhat lightly
on his/her first reading.
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ENGINE BLEED AIR SYSTCM

This system oconnists of all the ducting and components that
pass high or low pressure bleed air from the engine ports or
othar coupressed air aocurces to all components reguiring bleed
air at the temperatures, pressuras and weight flows required by
cach component. Requirements are summarziszed in Tables AlA and
AlR (pages 91 and 92). In terms of perxforrunce if must be ableo
to supply all equipment requiring simultaneous supply. Design
requirements mostly address the prohlems and danger of having
duvcts carrying very hot, high pressure bleed air in what can he
a ocold airplane. PFor axample, the duct temperature hafore start
up may he as low as ~-654egrees ¥, Particular points to he checked are

a, shut off valve locations and design (2.9. normally open,
fail open at each hleed air source)

b, adequate protection of personnel from hot ducts

c. safe couplings at joints (safety latches are raquired
where the hleed air temperature normally exceeds

450 degrees F)

The engine bleed air system is not a source of many problems
in ECS installations except for cases of oil smoke and fumes in
the hleo? air. Although the ceuse of such gwke and fumes is an
engine deficiency, tlie result has been serious ECS problems on
recent flights with :lumas in the cockt, 0il in the water coalescer
unit and oil over elactronic equipment.

PRESSURIZATION OF OCIUPIND COMPARTIISNTS

llost requiremen :8 for pressurization are contained in MIL-E-
38435A, which covers environmental control systems as a whole,
Additional requirements relating to air cycle air conditioning
systens, primarily to design, are contained in MIL-A-83116A.

Performance and Functional Requirenents:

Those performan~e and functional requirements which appear
to relatc most clearly to AFFTC test and evaluation are summariszed
in Table A2A (page 93 ). Briefly, these cover the following:

1. Altitude is to bhe smelectable between -1000 .and +10,000
feet for cargo and personnel transports, navigation
trainers anl early warning aircraft but with a limit on
ai ffarential pressure. For other types, altitude control
is to be auomatic with 8000 feet maximum ultitude, with
with possiblas limit of S psi differential pressure,

2, Accuracy is to be within + 0.4 inches lig of nominal when
the compartiwnt is pressuriged. There are limits on
overshoot, ‘luctuations and transients whan engine
settings are changed.
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3. Rate of Change is to be selectable for cargo eotc. types.
Limits are stated for others.

4. Fxcess differential pressure is to be prevented by ll!dty
valves.

S. Opening of doors, hatches etc must be safe.

6. Normal and smergency release procedures are to be
provided.

7. Available flow must bhe adeguate to overcome allowable
uncontrolled leaks, maintain schedulo and provide required
ventilation rate,

8. Emergency enclosed systems shall hava a separate
pressurigsat .on source for use during the escape sequence.

Daesiqn Requiroments:
The design requirements which appear to relate mos% closely to
AFFTC test and evaluation are summarized in Table A2B (page 95).
These cover the following:

Pressurigation Source.
[ —— —

Compartmant air conditioning air is preferred, but temperature
controlled bleed air is the nex%t choice.

Multiple Sources and Single Failures.

At leas! tvwo pressurization sources are to be provided an
multi-engined aircra:it, each capable ¢of providing the required
pressurization. No .ingle failure is to result in the occupied
ccmpartment pressure altitude exceading 14,000 ft.

Check Valves.

Check valves are to be provided to prevent rapid loss of
pressure in case of air source failure,

Regulators‘ Safesz Valves and Blow-out Panels,

At lsast one requlator is required in each separately controllable
compartment. Safety valves are to protect against excessive positive
or negative differential presaures. Blowout panels or adequate flow
areas must be provided between compartments. Discharge ports must
not be subject to adverse weather. No single failure shall result
in failure of both pressure regulator and safety valve.

S0
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Instruments and controls.

Caution indicators sre to be provided to show loss of compartment
pressure. Crew station controls are to be provided for pressure
release. Crew station controls to control and instrumentation to
measure cabin pressure and rate of ascent or descent are required for
cargo and personnel transports, navigational trainers and early
warning aircraft,

Discussion:

As will be seen, the reguirements on tha pressurization
system are rather simple and straightforward. A potential problem
_ area in high performance aircraft ias excessive sensitivity to
| . changes in engine setting (for example, changas in cockpit altitude
: of 5000 to 10,000 feoct with change of engine power settings
experienced on a fighter aircraft). Limitation of the effects of
; single failure and clear, effective controls are both very important.
. | These are primarily :he domains of Reliability and Maintainability
and Ilunman Factors personnel, but the ECS flight test engineor
; should take an active interest in these areas from the functional
t | aspect and encourage attention to them by flight and maintenance
}

g personnel.
‘ { ; SUPPLY OF PRESSURE TO EQUIPMENT, RESERVOIRS, INFLATABLE SEAI-S. SUlTS

b - ] These are briefly summarized, from the point of view of
) : 3 evaluation flight test, in Tables A3 and A4 (pages 97 and 98), 1In
! ' . general the environmental needs of equipment vary widely and cannot be
standardized in the vay that those for the human body must be.
llance the general rec;uirements largely refer their reader to
equipment specifications or the general aircraft specifications,
] In these areas it is the very important design task of the
aircraft systems engineer (not always well executed) to define
the "interfaces" between the environmental control subsystem and
the units it serves, Correspondinqgly, the AFFTC evaluation
test engineer should make himself familiar with the end item
| specifications and operational requirements which the particular

i ECS is supposed to mecet., He should get the operational rejuirements
from APTEC or from the using Command.

General requirements include the following:

1. UWhen two or more units are pressurized by the same source,
loss of pressurization by one shall not cause loss of
pressurization to others,

2. Automatic regulation is required to ensure pressures
. compatible with pressurized units/the most critical
unit in pressurised compartments.

1‘1"4vkiﬁ L. o

51




E ; 3, Protection by safety valves is required against excessive
‘ positive or negative differential pressures.

i § 4, PFaile-safe msans shall be provided to prevent entrance
é ; of hazardous fumes into environmental control, enviroamental
i : protection or engine bleed air systems.

. 5. Anti-g suit air is to be between 50 degrees F and 130
§ dagrees F, Jressure suit air supply between 55 degrees and
i 90 deqrees .

4

!

§ 6. 1f a single failure can create the possibility of excessive
i fuel tank air temperatures, means shall be provided of

; indicating excessive temperatures to the crew.

i E In addition to these gsneral requirements soms systema have
limitation on dust and other contaminants to reduce internal

deposits,

Analysis of the potential effects of single failure is
primarily the responsibility of the Realiability and Maintainability
{ Branch of Airframe Systems Division and of the Unit Systema Safety
q Officer (USSO) but thie ECS test engineer should take an active interest
! in this area and will be reguested to support the USS0. In particular,
he should ensure tha: any instances of single failure are reported
and analyzed.

The contractor l'ailure Modes and Effects Analysis will provide a
valuable review of potential failure modes and their impact and will
greatly assist in idnntificatiocn of tests which should be made of
FCS operation with partial failure,

AIR CONDITIONING QF OCCUPIED COMPARTMENTS

This is a complex and demanding function and is understand-
ably a major source of problems and deficienes in ECS evaluations.
Performance and functional regquirements are summarized in Table ASA
(page 100) and design requirements in Table ASB (page 102) (with some
overlapping). :

Parfromance and Functional chuitements:

The requirements from Table ASA may be further summarized
as followsa:

{
B
%‘I
Pt

1. Ventilation rates are to be at least 29 cubic feet per minute
(cfm) per man for all operating conditions and at least 1.8 3
times the maximum allowable production leakage rate for all {

1 pressurized operations, Air velocities near seated personnel
e are not be exceed 300 feat per minute (fpm).
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2. Radiating surfaces are not to axceed 10% degrees F near
scated personnel during pressurized flight, 140 degrees I
for all other locations and conditioas.

3. Air supplied to the occupied compartmants is to be free of
excessive moisture.

4. Air supplied to the occupied compartments is to be free of
excessive contamination.

S. The automatic tempaerature control is to maintain the average
compartment air temperature .0 within +3 degrees F of
selected settings. Temperature variatIons between any two
points in a seating envelope should not deviate more than
+5 degrees F from the average cabin temperature., Temperature
differences outside the envelope are not allowed to vary
more than +10 degrees F average cabin temperature.

6. Floor temperatures are to be maintained above 60 degrees
F average, with no location less thaa 40 degrees F.

7. Average cabin temperatures are to be maintained between
45 degrees F and 90 degrees F for unpressurized flight and
between 70 degrees F and 90 degrees F during flights with
an inoperative air conditioning module.

8., The cooling equipment is to have sufficient capacity to
maintain average compartment temperature at 70 degrees F
except that it may be 80 degrees F for transients lasting
less than 30 minutes,

9, Heating equipment is to be capable of maintaining an
average compartment temperature of 80 degrees F,

Design Requirxements:

These are quite largely maintainability and servicing
requirements (Table ASB, page 102). In addition to those referred
to in Table ASB there is a host of requirements on choice of
materials and so on wvhich concern the contractor and the procurement
agency rather than tle AFFTC engineer, who is evaluating the
end product. If, however, a problem is encountered such as
corrosion or freesinc of valves and controls he should review
MIL=-E=38453A (refererce 5) and MIL-A-83116A (reference 7) to find

out exactly what requirements the aystem is failing to meet.

Discussion:

The following are representative examples of air conditioning
systen deficiencies, taken from fairly recent tests on a large
survei llance aircraft and on a high performance fighter,
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On the surveillance aircraft the following were the primary
problems: B . 1

i i _
i l. Excessive ccndensation in cabin under humid conditions

2, Uneven distribution of conditioned air (nozzles re-
designed)

3. Excessive vertical temperature gradients in cabin on
cold days; cold floors.

4., GSlow stabilization of cabin temperatures on ground
after cold soak.

e i it S At i

On the fighter aircraft the primary prbblems were as follows:

3 5 1. Pilot had hct head and cold feet at high altitudes. §

2, Smoke and fumes in cockpit, from engine o0il leak into
bleed air, :

E 0 3. Water droplets sprayed over pilot under humid conditions.

It will be seen that these deficiencies are rather straightforward i
in nature and readily detected either in normal operation or in ‘
tests in air with hich water content and/or at extreme temperatures.
Inadequate water separation and poor temperature distribution are

the primary, recurrent performance problems. Another gquite frequent

problem is that of excessive noise from the air cycle machine and zn
the ducts.

A
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Evaluation of the air conditioning system against design
requirements involves the expertise of Human Factors and
Reliability and Maintainability Branches and should be a cooper=- ,
ative effort. ]

b § EQUIPMENT CONDITIONING

& Equipment conditioning requirerents are summarized in |
- 1 Tables A6A (Performance and Functional Requirements, page 104) and

;| A6B (Nesign Requirements, page 107). Equipment cooling needs cover
- 3 a very wide range, from those which can be met by free air convec-
= ot tion to those which require forced convection liquid cooling.

L Performance and Functional Regquirements:
E. < If the equipment is to use free convection air cooliang it
e ™ must conform to general standards defined in MIL-E~-5400T (reference

| 1 8). These are grouped into the following classes, Class 1 being b
' assumed unless one of the others is specified. More detail of the ,
requirements Ilor each of these classes is given in Table A6C (page ]
108) and Figure 18 (page 55). ]
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- Cless 1 - Equipment designed for 50,000 £t altitude and
3 continuous sea level operation over the temperature range
of =54 to +55 degrees C (+71 degrees for intermittent operation) .

Class 1A - Equigment designed for 30,000 ft altitude and - - 3

, continuous sea level operation over the temperature range of . 1
1 ~54 to +55 degrees C (+71 degrees intermittent operation). %
|

' Class 1B - Equipment designed for 15,000 ft altitude
and continuous sea level operation over the temperature
range of =40 to +55 degrees C (+71 degrees intermittent
{ operation) . .

Class 2 = Equipment designed for 70,000 ft altitude

’ and continuous sea level operation over the temperature
range of =54 to +71 degrees C (+95 degrecs intermittent
operation).

PRI L PR SRS AW ESAIO .

Class 3 -~ Egquipment dasigned for 100,000 ft altitude and
continuous sea level operation over the temperature range
of -54 to +95 degrees C (+125 degrees irtermittent operation).

e ke R el Bz

Class 4 -~ Equipment designed for 100,00C ft altitude and
¢ continuous sea level operation over the temperature range
=y [ of -54 to +125 degrees C (+150 degrees intermittent operation).

v A1 fsrtr

{ Class 5 - Equipment designed for altitudes greater than

~ 100,000 ft for periods of time not exceeding 6 hours, and i

h continuous sea level operation over the temperature range i
i of -54 to +95 degrees C (+125 degrees intermittent operation).

These standards correspondingly define the performance required
of the equipment air conditioning system, More detail is given
in Table A6C and Figure 18, 1

" For the other t’pes of cooling (internally forced air, cold
plate forced convection air and forced convection liquid) the
equipment air condit.oning system must provide cooling £luid
temperature and weigl't flow called for in each equipment
specification., Ileance the LCS flight test engineer needs to have
data from these specifications available.

Design Requirements:

Relevant design regquirements are reviewed in Table A6B
(page 107). It will be seen that these are. somewhat general ]
in nature, There are, of course, a large number of detail dasign 3
requirements on, for example, air cycle air conditioners sup-
plying the conditioncd air used to cool the equipment, but
these primarily relate to detailed design and will not normally
concern the ECS flight test enginecer.

Discussions

Equipment cooling requirements can be quite complex and
demanding. As a result they are @ frequent source of deficiencies.
Some of these can re:sult from inadegquate or outdated interface
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definitions by the prime contractor. The AFPFTC engineer conducting
ECS evaluations should have available the end item specifiéation

to which the ECS is designed and also, if possible, the equipment
specifications for items not using free convection cooling.

Much of the equipment is critical to a successful mission and
some may be important for safe recovery. It is, therefore, very
important in testing arnd evaluation of equipment cooling to
consider the operationa. profile of the weapon system as well as
the legal requirements of the specifications. For example,
if important communications equipment cannot be used during taxi
and take-off this may seriously degrade operations regardless
of what the spacifications may say. Such restrictions should be
identified and their impact on operational effectiveness evaluated,

ANTI=-ICING OF NON-TRANSPARENT ARFAS

Performance and functional requirements are reviewed in
Table A7A (page 109) and design requirements in Table A7B (page 111).
In general de~icing of flight surfaces is only required on aircraft
which have to fly both low and slowly. As a result, full de~icing
of flight surfaces is very rarely called for on Air Force aircraft,
It is perhaps significant that the requirements date from 1954 and
from 1971,

If such a capability were called for, MIL=-A-9482 (reference 9)
paragraph 4.2 requires that the contractor conduct tests in dry air
"unless otherwise spccified by the procuring activity to demonstrate
control system operation, temperature indication operation, operation
of overheat warning and control, freedom from overheating and detri-
mental effects of thermal expansion. In addition, a complete thermal
survey is to be condiucted to determine the heat available". See
Table A7C (page 112) for details., In addition MIL-E-38453A, of a
later date, calls fo:" demonstration in "natural or simulated (arti-
ficial) icing conditions®, This could perhaps be an icing wind tunnel,

AFFTC is actively improving its capability for icing test at this
time and has an NKC-135 tanker modified to simulate icing conlitions
by providing artificial rain for icing tests at high speeds and a
C-130 Palletized Airborne Water Spray System for artificial rain and
iecing tests at lower speeds. Both of these systems can produce
icing conditions ober limited areas of the test aircraft such as
radomes, windshields, engine air inlets (legally an engine test
problem!) or ram air inlets to the air conditioning system. Thus
we do have a capability for flight test if the individual case
requires it.

ENVIRONMENTAL PROTECTION OF TRANSPARENT AREAS

Requirements for environmental protection of transparent areas
have been summarized as follows:
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Anti icing 2 Tables‘ABA'(performince):andraeﬁ,(ggéign)
Defrost/defog Table A%A (performﬁnce) and 9B (dis;gn)
(internal surfaces)

Rain and snow Table Al0

Insects, salt, dust Table All

There is, as one would expect, a great deal of commonality in the
requirements in the areas to be protected and the design flight
conditions. However, minor differences in thcse and differences
in acceptable methods of protection make it desirable to tahulate
ecach case separately. A comparative summary is shown in Table Al2
(page 120).

In general, all "migsion essential"” transparent areas are
to be protected (except for the “"excessive rain" case). Defrost/
defog and protection against rain and snow are specifically
required in ground operations. Salt and insect protection are
only called for when the mission calls for low level operation,

The protection mechanisms vary with the function and betveen
aircraft but are commonly external hot air jet (anti-ice, rain,
snow) internal hot air (defrost/defog) and washing (dust, salt,
insects). Tests of anti-icing and rain removal can be performed
using the AFFTC water spray tankers. Defrost and defog testing
does not require external equipment and can be evaluated by
rapid descent after cold soak and on climbs out of atmosphere
with high water content or descents into humid cqonditions. Finding
suitable conditions for these tests can be_a problem unless the
aircraft is deployed to a suitable test site. Not many Air Force
aircraft have windshield washing equipment but if it is provided
it should be evaluated,

Problem areas encountered are usually as follows:

a. area cleared of ice and rain inadequate - egpecially on
fighter class aircraft with large areas requiring clearance

b. inadequate defogging and de-icing
c. high cockpit temperatures during defogqing or de-icing.
OXYGEN SUPPLY '

Oxygen may be suvplied from a liquid oxygen converter
(MIL-D-19326F) or gas cylinders (MIL-D-8683B). Passenger supply
may be from chemical J>xygen generators with the approval of the
procuring ageacy. Craw supply is by demand regulators while
passenger supply is t> use an automatic, co~tinuous flow regulator
system. “Therapeutic” oxygen supply may be reguired in some
aircraft (medical typ~»).
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Oxygen systems use standard tested components (converters,
gas cylinders, regulators, masks and 8o on). As a result,
evaluation of the system is limited to ride-along functional
checks and evaluation of maintainability and serviceability and
of the location of controls and indicators. Evaluation:of the
oxygen systems is primarily the responsibility of the Human -
Factors engineer. Paragraph 3.7.4 of MIL=-D=-8683B ,reference 10,
(which is aimed primarily at the contractor) states:

"3.7.4 Plight test. When specified, flight tests on the oxygen
systems shall s§ conducted to determine the proper functioning of

all the oxygen equipment in the aircraft by actual crew use and/or
functional measurements., In addition, a determination may be made

of the suitability of the arrangement of the items from the standpoint
of accessibility and convenience to all crew members during

their flight duties".

Requirements of concern in flight test evaluation are
summarized in Table Al3 (page 12l1). Appropriate flight tests are
discussed in the next section (Flight Test Planning).

1
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PLANNI“O OF FLIGHT TBSTS

This Section addresses planning of the contdnt of ncs !Ilf“t
test program (including ground tests). The ‘administrative prot i:us
required to execute these planas are common t6 &kl AFFTC fltght:
tests and will change from time to time. The engineer should bc
familiar with AFPFTC Regulation 80-12 (Teat Plan) and AYFTC -Regv’’ “ion
80-13 (Test Plan Technical Review) and related documents. Pro- .dures
for all-weather testing, an important part of ECS testing, are
raviewad in reference 13, An example of a Test Information Shict (T135)

for an ECS evaluation is given in Appendix B.

BACKGROUND OF TEST PROGRAM

The function of the ECS is to enable operation of the

aircraft over the full range of operational environments it will
encounter, on the ground and in the air (cold, heat, high absolute
humidity, heavy rain, icing and so on). Although there are a '
number of ECS-peculiar tests, much of the data will be gathliered on

a ride along basis or, for example, during all-weather testing of

the total system. E7S test requirements will, thereiore, be integrated
into a total flight test program designed to evaluate the weapon

system as a whole,

FCS tests will usually be conducted in the context of
Combined Test Force (CTF) operations and will consist of a
coordinated, combined program, This program should be designed
to meet the needs of all interested parties ~ primarily the
contractor, Systems J2roqram Office (SPO) and the AFFTC, The AFFIC
flight test engineer conducts tests or participates in test conduct as
necessary to ensure that AFFTC responsibilitics are met. As the
flight program and development of the test aircraft progresses the
relative roles and responsibilities of the member of the test tean
will change. Initially, emphasis is on development testing. At
this time the contractor has a lead role while the AFFTC engineer
participates and conducts his own analysis and evaluations. Later,
emphasis shifts to test ancd evaluation, with increased participation
by AFTZC and using commands. The AFFTC engineer then assumes a lead
role. Fven though much o€ the work may be performed by the contractors
team, he must initiate and conduct tests as necessary and oversee
analysis and evaluation of results. This engineer should also establish
good communications with flight and ground crews and ensure alertness
to all ECS incidents relevant to evaluation.

The flight test engineer must become thoroughly familiar with
the system both as described in Flight and Maintenance Manuals and
as it exists in hardvare form. These versions may differ significantly
in the development plase of & new aircrqft (and sometimes in later
phases). Simulation of the air conditionhing/pressurization elements
of the TCS, using a program such as 'EASY', is a very effective way of
ensuring familiarity with this, the most complex and potentially
troublesome part of the ICS (reference 12).
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Careful record keeping is important. The engineer should
make and adhere to specific plans to maintain detailed, accessible
and complete test records for his own protection and for the
benefit of his successor in case he does not complete the program
and for use on future programs. .

Information sources to be-reviewed, #nd referenced in Test
Information Sheets and reports, include the following:

i, i

Test Aircraft Flight Manual ("dash 1"), and/or Crew
: Checklists
Aircraft Contract End Items Specificctions

Military Specifications pertaining‘to the individual
system or test (of appropriate dates)

s 2 ol il 1 b ¢

.
e e _— e o -

-} Organizaticn Maintenance Manuals ("dash 2¥)

Field Maintenance Manuals

Contractor System Operation and Service Manuals

T I YR TR £ T R e A

Related AFFTC Reports

Formally puslished Contractor Test Plans j

£ g e

Formally puhlished Contractor Test Raports

Program off..ce requests (letters, TWX's, etc.)

R R
e,

Related test plans includes those of other participating !
comr.ands

[lazard Analysis Safety Reviews (AFFTC Form 28) for rimilar :
test programs : ;

CIHARACTER OF ECS TESTS

The objective of an ECS test program is to ensure that the
FCS adequately and effectively supports operation of the aircraft
over the full range of flight and weather environments called
for by its mission. Typically tests will include:

1. routine operations over the flight regimes called
for by the mission, including operation with partial failure

2. normal ground servicing
3. stressing flight profiles

4, all-weather tests
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The ECS provides a quite wide range of functions, ranging
from tank pressuriszation to air conditioning. Many of thease
functions are stressed hy the same flight profiles, Also,
if instrumentation pormits, useful evaluations of functioning
of many components can be acquired during ride-along observations
with other teasts. This is particularly true, for example,
of oxygen systems and anti-g suits, Table 2 (page 63) gives a
fairly comprehensive list of test conditions and shows which
components are stressed by them, This table illustrates the need
for an integrated test program, A frequent source of problems is
incompatability of the aircraft with the support equipment. This
must he evaluated by performing normal checkout, post-flight and
maintcnance using the equipment called for in the Technical Orders.

All 'leather Testing:

Procedures for these tests are described in Reference 13.
These programs normally include tests in the McKinley Climatic
Laboratory at Eglin AFB and field test at sites such as Alaska
(winter), 'l Centro NAS (desert summer) and in the Canal
Zone (tropical). Yeather requirements are given in MIL-3TD-2108.
(reference 14) Essentially full operational :apability is reguired
under extreme operational conditions, althouh some special proced-
ures may be acceptable for an otherwisec sati:factory system,

All weather tests of the ECS will be integrated by the all weather
test enaineer into a combined program testing the whecle weapon
system, using the Test Information Sheet (TIS) prepared by the EC3
test engineer. This program will be subject to tight schedule
constraints imposed by weather windows (Figure 19, page 64) aad by
availability of the Climatic Laboratory. Usually the ECS test
cngineer will accompany the test team during these deployments.
Lecause of the schecdule constraints it is necessary to obtain the
maximum amount of data in the shortest possible time. This rejuires
a significant amount of preplanning, a viable instrumentation
system, including a juicklook playback system at the test site,
and adequate manning.

The full range of LCS tests is not repeated, but normal
operational profiles and maintenance must be demonstrated in
the extreme weather conditions. Emphasis will be given to the
more stressing profiles and also to any components of the ECS
suspected to have marginal performance. Examples of stressing
profiles are given below for each part of the ECS. Compatability
will support equipment should be given careful attention.

TEST REQUIREMENTS FOR ECS COMPONENTS

Bleed Air System:

Test Obijectives.

The test ohjectives are to determine if the hleed air system
meects the requirements s mmarized in Tables AlA and Al3 (pages 91
and 92). The primary requirements which influence flight test
planning are:
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at Gielsor AFB, Alaskq -
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Z4 at NAf E1 antro.LCA

Tests

A /IS, éE — “zzzom\f’ard AHB, Pajama

Notes:

1. Conditions required for test are as follows:

Arctic -20 deg F and below
Hot Desert: 110 deg F and above
Tropic: 80 deg F, RH 75 percent and above

2. Shaded areas denote prime test time, cross-hatched areas denote
marginal test time.

e

Figure 19 Climidtic Fxtremes Windows
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1. the system shall provide air to all eenpon.ntn

requiring bleed air at the specified p:oa-ur‘s. tenperatures
and mass flows

2. the system shall be able to supply the necessary
quantities to all cqutpm-nt requiring oporation limultanoously

Test Conditionas and Procedures.
The pressures, temperatures and mass flows to the components
using bleed air will be monitored for all mission profiles. 1In

partigu}a:. it will be evaluated during the following (Table 2,
paye .

l. long range cruise at high equipment‘cooling load
(low engine powers)

2. fast descent at idle rpm (pressurization of compart-
ments and reservoirs)

3. throttle transients (possible fluactuation in pressure)

Data and Support Requirements.
The followirg Qata are required;
1. Flight conditions
2. tngine settings
3. Pressures, temperatures and mass flows at each compounent
4., Pressure, temperature and mass flow from each engine/APU
Pregsurization of Occupied Compartments:

Test Objectives.

The test objectives are to Getermine whether the system

meets the regquirements summzrized in Tables A2A and A2B (pages

93 and 95). The main requirements which impact flight test
planning are:

1. Maintenance of pressure altitude schedula in climbs,
descents, etc.

2. Response to changes in setting (manual controls)

3. Freedom from contamination

4, Proper functioning of normal and emergency pressure
ralease systems

65
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S. Flow sufficient to meaet ventilation requirements and in
relation to uncontrolled in-servico air leaks

Teat Conditions and Proceduras,

Flow rates and compartment pressures will be obs.rv.d during

the flight profiles shown in Table 2 (paqo 63 ). bpecitic tosts
will include observations of:

l. Maintenance of pressure altitude schedules
2. Rasponse to changes in setting (when appropriate)

3. Leak rate (with pressurization off) during high altitude
cruise (Appendix D)

4, Contaminatinn measurement

5. On multi-engined aircraft, operation with one bleed
air source off

6. FExercise of normal and emergency pressure dump
7. Throttle transients
Data_and Support Reguirements.
l. Time histories will be required as appropriate of
a. flight conditions
b. engine settings
c. pressures in occupied compartments
d, pressurization air flows
2., Contamination measurements will be required

3. Computerized data reduction will be required

Pressurization of Pquipment Compartments:
Test Objectives.

The test objectives are to evaluate:

1. whether the equipment pressurization meets specified
requirements and

2., over and above (l), whether the eguipment pressuriza-
tion system satisfactorily supports the missgion.
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General roquirements are summarize: in Table A3 (page 97). Dbetails
of the requirements are, however, peculiar to the aircraft system
under test and must be darived from the aircraft end item specifi-
cations and the appropriate equipment specifications, which the

ECS flight test engineer must review. Cnglttmnnt pressuros of
compartments which are separate from occuplied compartments are

to be regulated automatically,

Test Conditions and Procedures.

Test conditions and flight profiles are summarized in Table 2
(page 63). The tests closely parallel the tests of air conditioning
of equipment compartments, discussad a little later, and will be part
of the same sets of measurements,

b ndeamin bt bekitand

Tests will consist of the observation of pressures in all

: equipment compartments throughout the mission flight regime.
: i Stressing cases are primarily climb, fast descent with engines
] 3 at idle, long range high altitude cruise, and possibly (on _
i fighters) enqine transients, i

P Data and Support Requirements.

These are:

b
b

1. Recording of data

a. compartment pressures ,
b. £flight conditions i

c. engine settings

.t e creme
N

- P P, " e
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2. Computerizeada reduction of data

Pressurization of Subsystem Reservoirs, Inflatable Seals
and Juits:

Test Obijectives.

BT R S T S WP SN

The test objectives are to determine if the pressurization
system supplies pressurized air at specified pressures,
tenmperatures, moisture and contamination levels to all subsystem
reservoirs such as fuel tanks, oil, hydraulic fluid, coolant
or water reservoirs ¢nd to pressure gsuits or anti-g suits if

. relevant. In the case of suits, proper functioning of the suits
will also he checked. 3

Tast Conditions and Procsdures.

PRI A Py SN
[
. .

Pressures, temperatures, and where appropriate moisture
and contamination levels will be recorded throughout the flight




profiles summarized in Table 2 (page 63). Stressing conditions
are fast climbh, fast descent at low power, and long range cruise
or loiter at high altitude. For pressure suits, operation should
be checked during cabin depressurization., For anti-g suits,
operation will be checked in appropriate combat maneuvers.

Data and Support Requirements,

These are:

i
L
3
X
%
!
v
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3
{
£

l. Recording of

a. pressures, temperatures, moisture and contamination

e e e e e o s

; b. £flight conditions
: ; ¢. engine settings
d. Crew comments on suit operation

2. Computerized reduction of data

NAir Conditioning of Occupied Compartments:

'1 Test Objectives.

; The purpose of cabin air conditioning tests is to evaluate if
g the system meets following requirements:

i 3 1. Ventilation rates are to bec at least 20 cubic feet per
‘ minute (cfm) per man for all operating conditions and
at least 1.8 times the maximum allowable production
leakage rate for all pressurized operations. Air
velocities near seated personnel arc not to exceed

300 feet per minute (fpm),

Radiating surfaces are to be at least 50 degrees F and are
not to exceed 105 degrees F near scated personnel during
pressurized flight, and are not to exceed 140 degrees F
for all othcr locations and conditions.

v

ST S

3. Air suppliec to the occupied compartmnents is to be free
of entrainer moisture.

1 ‘ 4, MAir suppliec to the occupied compartments is to be free of
excessive contanination.

P e+ v o

| ’ The automatic temperature contrcl is to maintairn the
. averaqge compartment air temperature to within + 3 degrees
F of selected settings. Temperature variations betwcen
any two poirts in a seating envelope are not to deviate
- more than + 5 degrees F from the averaye cabin temperature.
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7.

8.

1o0.

Temperature differences outside the envelope are not to vafy
more than + 10 degrees F from the average cabin temperature.

Floor temperatures are to be maintainad above 60 degrees T
average, with no location less than 40 degrees P,

Average cabin temperatures are to be maintained between

45 degrees F and 90 degrees F for unpressurized flight

and between 70 degrees F and 90 degrees F during

flights with an inoperative air conditioning unit (multiple
unit systemn).

The air-conditioning egquipment, operating from either
aircraft engines or from the APU, is to be capable of
preventing the average compartment temperature from
exceeding 100 degrees F.

The heating equipment is to be capable of maintaining
the average compartment air temperature above 80 degrees F,

The conditioning system is to be compatable with the support
equipment called for in the Technical Orxders.

Test Conditions and Procedures.

Air conditioning of occupied compartments is very important
throughout the whole mission profile from ground check out to post

flight.

Test conditions and flight profiles of primary concern

are summzrized in Table 2 (page 63). Stressing conditions include:

1,
2.

7.

Fast climb and fast descent

Extended cruise or loiter at high altitude

Low altitude flight after hot soak and cold soak
Conditions with high atmouspheric water content
Supersonic cruise (when applicable)

Low altitude supersonic dash

Ground checkout, post=-flicht, and maintenance

Much useful data on compartment teriperature and airflow distribution
shortcomings can be acquired during normal flight profiles but this
system must be fully checked during all-weather testing.

Tests must include evaluation of air conditioning with one air:
conditioning unit, one "failed" on multiple unit systems and tests

using cmergency ram air.
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1f the aircraft is equipped with guns, contamination levels
in the cockpit should be checked during gun firing throughout
the gun firing envelope. For these tests the crew should be on
100% oxygen until cockpit contamination levels are determined
and found to be safe.

Data and Surport Requirements.
These include the following:

Lol

1. Recording of:

a, ventilation rates (compartment air inlet temperature
and flow rate) .

; ,; b, air velocities at crew positions
3 f c. temperature distributions at crew positions
d, temperatures of floors and radiating surfaces

e. contamination and noise levels

P 1 £. flight conditions
\

gz g. engine settings

e e s

h. air conditioning system configuration
i i, crew comments on system controls and operation

v 2. Computer reduction of data

3. Ground support equipment as called for by Technical Orders.

Dquipment Conditioning:

Fquipment conditioning is very important for ground check out
and servicing as well as throughout the operational £flight regime,
and will require a substantial part of the LCS testing effort.

Test Objectives.

The test objectives are to evaluate:

1. how well the equipment conditioning meets the requirements

) imposed by the aircraft end item specifications and equipment
1 ol specifications.
é' ; 2. whether the equipment conditioning system sétisfdctotily

suppcrts the mission,
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Test Conditions and Procedures.

Test conditions are summarized in Table 2 (page 63), and may
include:

l, Extended cruise or loiter at high altitude (low
available bleed air flow)

2, Supersonic cruise (when applicable)
3. Descent at idle power
4, Operation with an ACM failed and cooling using ram air

5. Low altitude flight after hot soak on ground (at low
power and sujersonic dash)

6. Low altitude flight after cold soak on ground

7. Landing in conditions with high water content after
cold soak at high altitude

8. Ground servicing

The system must be fully checked during all-weather testing.

Data and Support Requirements.

These include:

1. Measurements of temperatuvre, pressure, flow, moisture
and contamination level of air supplied to air cooled equip-
ment and egui-ment compartments.

2, Mecasureme 1t of coolant temperaturc, flow and flow conditions
through the h:at exchangers for liquil coolec equipment.

3. Check for water and potential funqgus problems

4, Crew comm:nts
5. Computeri:ed data processing

6. Support equipment called for in the relevant Technical
Orders.

Anti-Icing of Non=Transparent Areast

As vwas explained in the preceding Section on Requirements
and Problem Areas, full anti-icing of flight surfaces is very rarely
called for on Air Force aircraft. Anti~-icing over limited areas
such as radomes and PCS air scoops is more likely to be reguired,
If flight evaluation of such anti-icing is required tests can be
made using artificial icing from one of the AFFTC tanker water

3pray systems,
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If anti-icing is provided the. relevant flight cohﬂiﬁidhs will
be defined in the aircraft end item specifications and/or &he ECS

specification,

Test Objectives.

The test objectives are to evalute the ability of the anti-ice
system to maintain satisfactory operation of specified components b
under the flight conditions defined in the requirements, with
meteorological conditions defined in Figure Al (page 123).

4 i Test Conditions and Procedures., 3
The test aircraft is positioned behind the water spray tanker %

in the spray. Sea marker dye may be used to determine the type of
ice formed exactly when the ice starts to melt, Additional infor-
H mation on test prodecures can be found in Reéference 15, Photo-
1 qgrapiiic records of the ice build up are taken, using a photo chase

aircraft if necessary.

i
’a
! “
. f at a distance predicted to give the desired liquid water content
|
]

Data and Support Requirements.

»

w0 T T

The following are required:

L e
LTV Y G 1 RO e

The NKC-135 or C-3i30 palletized water spray system

Eo { . i
: . 2. A record of flight conditions, including ambient §
P { air temperature, separation distances and liquid water i
Et ! contents ‘

e s

: 3. Component performance parameters (including temperatures
of anti-icing air/fluid, surface temperatures, electrical
power where applicable)

i
2 4. Photo records, if necessary from a photo chase aircraft

5. Fngineering chase to accomodate the engineering test
conductor

Anti-Icing of Transparent Areas:

Windshields, bombardiers panels and all other mission essential
areas are to have anti-icing protection for all conditions of flight
(Table A8A, page 114)., 1I1If there is a xisk of overheating, tenper- 4

ature limiting devices must be installed.

Test Objectives.

The test objectives are to evaluate the ability of anti-ice
system to protect all mission essential areas in all conditions of
flight for meteorological conditicns summarized in Figure A2 ipage 124).




B2

Test Conditions and Procedures.

These taests will alao be made using the AFFTC NKC=135 or
C-130 palletized airborne water spray system. The test aircraft
is positioned behind the water spray tanker at a distance pre-
dicted to give the desired liquid water content in the spray.

_Sea marker dye may be used to determine exactly when the ice

starts to melt., Photographic records of the ice build up will
be taken. Additional information on test procoduren can be
found in reference 15.

Data and Support Requirements.

The following are required:

1, The NKC=135 or C=130 palletized airborne water
spray system

2. A record of flight conditions including ambient
air temperature, separation distances and liquid water
content

3. Component performance parameters (including tempera-
ture cof anit-icing air, surface temperatures and electrical

power if applicable)
4, Crew comments
5. Photo records from a photo chase aircraft

6. Enqgineering chase aircraft to accomodate the engine-
ering test conductor

Defrosting and Defogging of Transparent Areas:

Defrosting and defogging is required for windshields,
bombardiers panels and all other mission essential areas for
all flight conditions and in taxiing. Areas to be protected
include those needed for taxiing. Performance and design
requirements are summarized in Tables A9A and A9D (pages 116 and

117) respectively.

Test Objectives.

These are to evaluate the ability of the defrost/defog system
to protect all mission essential transparent areas during taxing
and under all flight conditions.

Test Conditions and Procedurea.

The ahility of the defrost/defog asystem to protect mission
eszsential transparent surfaces will be evaluated during and after
descents from cold soak at high altitude as follows:
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1. Durinq descent at recommended descent speed - . N
2. In low altitude level flight after (1) -

3. For combat aircraft, duting maximum rate of- dnscant
at limit speed

4, In low altitude level flight after (2) (3) Wests (1)
and (2) will be repeated during tropical tests and also
Wwith one air conditioning unit inoperative on multi-unit

systems,

Data and Support Reguirements.

The following data are to be recorded:

o4

l. Flight conditions and flight prciile
2, ECS operating configuration

3. Defog air temperature and mass flow (if hot air
jets used)

4. Surface temperatures

5. Meteorological conditions, cockpit temperature and
cockpit humidity

6. Crew comments
7. A photo record of frost/fog build up

Crew comments should include any adverse impact of operation of
the defrost/defog system on crew comfort.

Removal of Rain and Snow from Transparent Areas:

Pilot and copilot windshields are to be protected. Also,
sensor windows are to be protected for all inflight conditions
for which sensor operation is required., Flight conditions
are summarized in Table Al0 (page 118).

Test Obijectives.

To evaluate the protection of transparent areas against
heavy rain, and excessive rain and snow. Also, to check for the
possibility of erosion by the rain.

Test Conditions and Procedures.

Flight tests will be made using one of the AFFTC spray tankers
and also when suitable weather is availahle. They will include

as feasible:

74




1. Taxi, take off, landing approach and landing

e e S s

2. Tlight at 1.6 times the stall speed at maximum
weight with gear and flaps up, for fixed wing aircraft

' 3. Flight at maximum cruise spesed for rotary wind
aircraft

4, In flight refueling conditions, if refuelinq is
required below 20,000 f¢t,

. Simulation tests may also be conducted in the Climatic Labora-

tory. Details on procedures using the AFFTC spray tanker to
provide simulated ra.n will be found in reference 1S5.

Data and Support Requirements.

The following data are required:

l. Flight conditions

2. Veather conditions

3. Jet air temperature and mass flow (if air jets used)
4. Surface temperatures in the impingement area ‘

5. Crew comment on protection

6. If feasiblae, photographic records of clearance

Protection Against Dust, Salt szrax or Insects:

Protection is required for pilot and copilots windshields
and for sensor  windows on aircraft whose mission requires low
level flight over the oceans or along the coast (salt) or
overland (dust and insects). Yertical take off and landing
aircraft are to have protection for the pilot and copilots
windshields (Table All, page 119).

Test Ob]ectives.

To evaluate the protection provided.

:m&‘r“” v

Test Conditions and Procedures.

Fixed wing aircraft will be flown low over land or vater
as appropriate in the manner called for in its mission profile
at times when weather/sea conditions are suitable for evaluation.

Rotary wing aircraft will be operated under dusty conditions
as opportunity permits.




Data_and Support Requirements.

The following data will be recorded.

; 1. Flight conditions, including height above ground/water
i 2, Weather/sea conditions

3., TFlight and ground crew commants

- Oxygen Systems:
: Test Objectives. : :

Oxygen systems are primarily evaluated during normal yround
s servicing and flight missions. Evaluation is for proper func- 3
J P tioning, suitability of arrangement, accessibility and con=- i
venience. §

Test Conditions and Procedures.

Crew comments are ohtained during normal flight profiles ]
and ground gervicing. In addition, proper functioning is :
checked during compartment pressure dump tests and cabin :
leakage tests.,

Data and Support Requirements.

Crew comments are required on system functioning and 1
on the suitability of the arrangement of the items from the
standpoint of accessibility and convenience to all crew members
during their flight cuties and during servicing.
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DATA MEASUREMENT, ANALYSIS ANDG EVALUATION

General requirements for instrumentation for contractor flight
tests of ECS are givsn in MIL-E=38453A, paragraph 4.10. Raquirements
for AFFTC tests are essentially similar. In summary, these must
measure:

as tempsrature, pressure, flow and somstimes moisture
content of air delivered by the bleed air aystem to all
components

Ab. temperatures and velocities around crew stations

Cc. temperatures, pressures and flows in and out of heat
sxchangers

d. data in sufficient quantities to provide a thorough
analysias of the environmental control system performance

enerous use of temperature indicating stickers 1a'very helpful,
especially on equipment,

The engineer should review pickup locations and should review
all calibrations to ensure that they cover the appropriate ranges,
do not exhibit excessive hysterisis, show adequate accuracy and
are in general acceptable. + 3% of range is generally acceptable,
but + 1% is desirable in all-weather tests. Often ECS testing is

. performed on more than one aircraft, in which case the parameter

selection may differ between these in order to reduce total band
width requirements. Table 3 (page 79%) gives an example of an
instrumentation parameter list for a single place fighter (F-16).
A large cabin aircraft such as the E-3A would, of course, need
many more measurements in the occupied compartwments.

On an all-weather test aircraft the ECS must compete with other
subsystems for instrumentation capacity (Ref 13). Hence, ECS
instrumentation will tend to concentrate on output performance
parameters {cabin temperatures and so on) rather than on the inner
working of, for example, the air conditioning units. Some key
diagnostic parameters should, however, be included.

The overall objective of ECS tests is to evaluate the ECS
as a subsystem of an operational aircraft and to deternine if
any serious problems or deficiencies exist. This evaluation
will draw on gqualitative comments of air and ground crewvs and
on experience gained in tests flown for other objectives and/or
on other test aircraft of the type as well as on data from tests
specifically made to evaluate the systen.

The final report on the evaluation will give a brief descrip-
tion of the system and draw attention to leading particulars and
to the hasic logic of its operation. For each test the aircraft

77
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model, designation and serial number will be given. The general
approach will be to discuss each component or function in turn,
briefly list the relevant evaluation criteria and state whether
these were mat. Indicate briefly overall results and trends,
The criteria must always include the overriding eriteriom of
operational suitability as well as that of meeting specification
requirements, If the subsystem fails to meet a specification
requirement it may still be considered operationally acceptable.
Further, it may meet specification requirements and still be
considered unsuitable for operational use.

When criteria are not met enough detail must be given to
effectively define the short-fall, Tabular sumraries or time
histories will be given of the tests oconducted with appropriate
comment, Where appropriate, as in dynamic conditions in general,
time history plots will be presented with attention drawn to the
important parameters. In some cases cross-plotting will be very
helpful. Still photographs are an important and highly effective
means of illustrating some types of problem. The engineer should
ensure that appropriate photographic documentatrion is obtained.
Photographs of pools of water in the cabin or of an iced over
windshield can be quite convincing.

Objectives, pertinent parameters, criteria and presentation
recommendations for analysis, evaluation and reporting of tests
of each compartment are collected, for ease of reference, in
Appendix C,
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APPENDIX A
SUMMARY OF SPECIFICATION REQUIREMENTS FOR
ENVIRONMENTAL CONTROL SUBSYSTEMS

The test engineer should review the spécifications appli-

Note:
cable to the specific aircraft he is concerned with.

usually be the versions current at the time when the aircraft

is designed,

These will .
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Table AlA

ngg&gg Blegd Air System
Performance ggguirom.nts

The system shall provide air to all components requiring
bleed air at the specified pressures, temperatures and weight

flows. (3,1.3.1)

Leakage at any one joint shall not exceed 0,01 cubic feet
per minute per inch of duct diameter. Total leakage is to be
k.pt to a mi nimum, (3. 1. 3_. 1) . .

_.If duct failure results in an open line, bleed air shall
not he extracted from the engine(s) at a rate greater than the
engine manufacturers limit. (3.1.3.1).

The system shall be able to supply the necessary quantities
to all equipment requiring operation simultaneously. (3.1.3.1).

A normally open shut-off valve, which fails in the open
position, shall be provided at each source of bleed air.
(Manifold bleed parts on a single engine are considered to be
a single source). (3.1.3.5).

Note: Paragraph ;eferences are to Reference 5, (MIL-E-38453A).
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Table AlB

Engine Bleed Air System
Depign Requiremants

Each subsystem deriving air from the engine bleed air shall
have an individual shut-off valve so that the subsystem can bhe
deactivated without deactivating the engine bleed air system.

(3.2.4). i

All parts of the ongine bleed air system shall be designed
to withstand the simultaneocus application of the most critical
combination of pressure, temperature and motion encountered in

operation. (3,2.4).

Intarnal velocities shall not result in a Mach number exceed-
ing 0.25. (3.2.‘).

There shall be no aerodynamic raeasonances. (3.2.4).

Sufficient, accessible joints shall be provided to facilitate
installation and replacement and shall be clamped with quick-
detachable couplings designed to minimize leakage. Safety-latch-
type couplings shall be used where the bleed air temperature

normally exceeds 450 F. (3.2.4).

Shut-0ff and regqulator valves shall be designed to preclude
failure or malfunction due to freezing of extrained moisture

or corrosion, (3.2.4.3).

Where multiple engine or multiple stage bleed will occur, a
check valve to prevent reverse flow of air into the engine
shall he provided near each engine bleed port. A check valve to
prevent reverse flow of pressurizing air shall be provided in
each supply line to a pressurized compartment. Check valves that
are installed at duct joints should be attached to the downstream
portion of the duct to maintain pressurization integrity if the
joint separates. A shut-off valve for each independent source
of bleed air shall be provided as near as possible to the source
and remotely ocontrolled from the crew station. The shut-off valve
shall he normally open and shall fail open. Provisions shall be
made to provide closure of the valve during engine starting.
Where multiple sources are manifolded, isolation and crossover
means shall be provided to isolate each main supply duct and
crossfeed to subsgystems from any source. Isolation valves shall
be normally open and shall fail open. Crossover valves shall be
normally closed and shall fail closed. A readily accessaible
means for manually opening the crossover valve shall be provided.
Provisions to assure that a rupture in the crossover ducting will
not result in loss of all compartment pressurization airflow shall
be provided. The isolation shut-off valve in each side shall be
upstream of any supply line takeoff for corpartment cooling or

pressurization. (3.2.4.3).

Note: Paragraph references are to Reference 5, (MIL-E-38453A).
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Table A2A

Pressurization of Occupied Compartaents
Performance and Functional Regquirements

efglicnbilitﬁ. Required for all crew members and passeagers ina

rcraft w operating altitudes greater than 20,000 feet (3.1.1.1.1).
Operation. Shall r‘Quiro minimum attention and manipulatiom by
TTY5t/craw mambers.

Scheduls.

Carqo and fg:sonnel ttamgortsE navigation §£I1n.tl ggg
early warnin reraft: na u selecC e
-IUU* and :Iﬂ,UUU Teet subject to maximum differential preasure
equivalent to the difference between 8000 feet cabin altituds

and the maximum operating cruise altitude of the aircraft (3.l.1.1l.1l.1).

Other aircraft: Cabin unpressurised up to 8000 feet, then
maintained at U000 feet pressure altitude to the operational
ceiling of the aircraft (maximum altitude at which the aircraft
can sustain level flight). If migsion operation above 40,000
feet lasts one hour or less, a minimum of 5 psi differential
above 23,000 feet is acceptable if a substantial weight savings
results (3.1.1.1l.1l.1).

Pressure Requlation. Pressure shall he within + 0.4 inches Hg
of nominal selected when the cabin is pressurized, within the
range 0 to +l1 inch lg when the cabin is unpressurized. Owvershoot
shall he leas than 1l psi and fluctuation frequency less than

0.15 cps when the setting is changed, less than 0.2 psi for
transient changes when engine settings are changed (3.1.1.1.1.2).

Rate of Change. Por cargo etc aircraft, the rate of change of
cabin pressure altitude to be selectable between 100 and 2000
feet/min. For other:, not to exceed 1 psi/sec decreasing or
0.5 psi/sec increasing (3.1l.1l.1.1.2).

Excess Differential Pressure. A separate outflow valve, safaty

Valve or combination of valves shall be capable of passing the

entire air input to the cabin at a pressure not in excess of

110 percent of the normal maximum operational differential

pressure but shall not relievae at a pressure less than 0.15

psi about the upper tolerance limit of the maximum normal

poperational differential pressure. Protection shall algo be

provided against excessive negative differential pressure (3.1.1.1:.1.2).

Opening of Cln%gies, Doors, Hatches. Provision shall be made to
ensure & menta sidua fferential pressurec shall not
exist when such items are opened (3.1,1.1l.1.2).

Note: Paragraph references are to Refercnce 5, MIL-R-3B453A,
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S Table A2A
Pressurization of Occupied Compartmants
Performance ind Functional Requirzements - continued

Pressure Release. Normal and emergency pressure release shall be
, provided. Where possible these shall be additional functions of
» the safety valve. Normal pressure release shall be capable of

dumping cabin pressure without shutting off the pressurization
' air source. Emergency pressure release is to be activated Ly
a single control and shall shut off the pressurizing air source
: automatically. The timc to accomplish pressure release after
initiation of emérgency release shail be as follows:

o e s atn 4 e

(a) an aircraft with emergency escape provisions for all
; occupants, reach a pressure within 1l psi of ambient at an
i average rate of 0.5 to 1.0 psi per second

{b) other aircraft, 60 seconds for cargo and personnel transports,
) navi,gation trainers and early warning aircraft, 15 seconds
! for others (3.1.1.1.1.3)

Availahle Flow. The pressure source, whether it is controlled

alr Tronm Cthe air conditioning s stem or stored gas or a combination
of bcth, shall provide safficient flow %0 overcome allowable
uncontrolled in-service air leaks and maintain the required
pressure schedule and shall provide the required ventilation rate.
When pressurization is by stored gas supgly the partial pressure

of oxyqgen in the occupied compartment shall be equivalent to that

1 at 8000 feet. (3.1.1«' 1.1.‘) .

3 Enerqgen Enclosed Systems., When these are installed a separate

h , pressutgxaEIon sourca shall be provided for use during the

: P escape sequence and descent to earth and during periods of failure
of the aircraft pressurization system. (3.1.1.1.1.4)

A

A e

| Note: Praragraph references are to Reference 5, MIL-E-38453A.
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Table A2B

Pressurization of Occupied Compartments
Design Requirements

: Pressurization Source. The air used for compartment conditioning,
: en ava e at compatible weicht flows and pressures, shall be

E used for pressurization. During flight conditions when the

% conditioned air weight flows and pressures are marginal for l
¥

providing pressurization a means to supplement pressurisation

airflow shall be provided. When compartment conditioning air is !

not suitable, first consideration should be given to usirg

temparature controlled bleed air before using high pressure stored
N gas as the pressure source. (3.2.2.1.1l.1)

.
p
3
2
3
3

3

Multiple Sources and Single Failures. On multi engined aircraft

’ at leas O sources a e provicded, capabla of providing
; the required pressurization individually with a means of selecting
: 1 each source, combinations of sources or the "off" position. No :
3 single failure of any supply or ocontrol component shall result in ]
3 the occupied compartment pressure altitude exceeding 14,000 feet P
B on multi engined, passenger carrying aircraft that do not fly i
2| above 50,000 feat. No single failure shall result in conditions :
3 where crew or passenger safety is jeopardized with the use of
available oxygen provisions on aircraft flying in excess of
42,000 feet. No single failure shall result in the failure of
any other component either directly or indirectly. (3.2.2.1.1.1)

Check Valves. Check valves or othor suitable automatic means

1 of sealing all pressurization supply inlet openings into pressurized
3 compartments to prevant rapid loss of compartment pressure in the

: event of air source failure shall be provided. Wwhen two or more

1 sources supply a compartment through common ducting a check valve
Or other gujitable automatic device shall be included in the inlet
line from each source. (3.2.2.1,1.1)

- Regqulators, Safety Valves and Blow out Panels. At least one :

- pressure regulator shall De installed 1n each portion of the ]

" - aircraft where occupied compartment pressure can be maintained '
independently or in each portion of an occupied compartment where
sagreqation is possible, Pressure reglator outflow valves shall
be designed so that they will remain in their last position or
close in cagse of failure. Means of making the regulator

) inoperative in the closed position shall be incorporated to enable

) occupied compartment pressure and laakage tests to be conducted

: on the ground, with mesans to prevent leaving the valve in the

‘ closed position. Protection of occupied compartments from : !

. ' excessive positive or negative differential pressures shall be :

' provided. 3afety valves shall be designed so that they will

remain in the last position or close in case of failure. Blow

out panels or sufficient flow areas between compartments to

pravent personnel injury and structural failure in the event of

~ sudden decompression shall be provided. Reqgulators, safety valves

I L W
»
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Note: Uraragraph references are tc Reference 5, MIL-E=38453A,
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Table A2B

Ptolsurization of Occugied COmgartments
Design ggguirements = continued

or outflow portions of eaeh shall be protected against dlmage or
tampering. Dischargs parts shall be located in an ambient pressure
area not subject to exposure to adverse weather conditions such

as icing or rain or to physical interference from structures,
insulation or any other installed items. (3.2,2,1.1.2 and ‘
3.2,2.1.1.3)

Single Failure. No single component failure, sensor or control
Iine leak shall result in simultaneous failure of both the compart-

ment pressure reqgulator and the safety valve. (3.2.2.1.1.3)

Instruments and Controls. A caution indicator to show loss of
compartment pressure below 10 psia shall be provided in the crew
station of all aircraft having-occupied pressurized compartments,
except for aircraft design=d to a 5 psig schedule. A warning
light to warn occupants that compartment pressure has dropped
below 3 psia for combat aircraft and 8 psia for passenger carrying
aircraft shall be provided in the crew stations of all combat
aircraft that operate above 42,000 feet and passenger carrying
aircraft that operate above 25,000 feet, respectively.

Crew station controls for accomplishing pressure release shall
be provided., Crew stations controls for selecting cabin rate of
climb and descent and variable isobaric altitude, cabin pressure
altitude indicators, instruments to show cahin rate of climb

and descent in feet per minute and cabin pressure differential
in psi shall be provided in the crew compartment of cargo and
personnel transports, navigational trainers and early warning
aircraft, (3.2.2 1.1.2,3)

Note: Paragrapk references are to Reference 5, MIL-L=38453A
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Table Al

§gu12mont Pressurization

Unit Pressurization.

Equipment requiring individual unit pressurization from an
external source shall be supplied flows at pressures, temperatures,
humidity, and contamination lavles that are cowpatidle with the
equipnent specification and MIL-E-5400. When two or more units are
pressurized by the same source, loss of pressurization by one shall
not cause loss of prossurization to the other units, Pressure relief ]
provisions to prevent overpressuriszation of the eguipment shall be b
incorporated. When radar units are pressurized by individual pressur- .
izing sets, the AN/ASQ-14, the AN/ASQ-15, or the AN/ASQ-70 pressuri-
zation set (government-furnished aeronautical equipmant) shall be :
used wherever compatible with the radar pressurization reqguirements. ;

(3.1,1.1.2)

A pressure regulator shall be provided when necessary to insure
pressures compatible with the equipment. Provisions that allow ground
checkout of the pressure regqulator, relief prouvision, and system I3
leakage shall be incorporated. Providing a m:ans for indicating loss =
of equipment pressurization to the crewmember; shall be given consid- f

eration, (3.2.2.1.2)

Cquipment Compartment Pressurization.

Pressurization of equipment compartments that are separate from
the occupied compartments shall be regulated automatically and main- F
3 tained at a pressure compatible with the most critical unit contained !
E within the compartment. Wher the compartment prassurization is accom- ‘
f

T A e ey 1«

TP ez

plished by controlling the outflow of air conditioning air or stored
gases from the compartment, a second outflow valve or safety valve to
prevent excessive positive and negative pressures shall be provided,
The valve settings shall be detecrmined by structural considerations.
The compartment pressurization medium shall be supplied at pressure,
temperature, moisture, and contamination levels compatible with the
equipment gpecifications, The air used for equipment compartment
cooling, when available at weight flows anc pressure sufficient to
provide pressurization, shall be used. If the cooling air ig not
suitable, the equipment compartment pressurization shall be provided
from a high pressure stored gas system, use of tamperature controlled j
engine bleed air, the pressure shall be maintained by controlling :
outflow of air from the compartrment by means of a prassure regulator. !

i A sagety valve shall provide positive pressure relief and negative
pressure relief, The regulator shall be provided with means for
holding the outflow portion in the closed position to accomplish
erqquipment compartment ground pressure and leakage tests. Means to

) prevent leaving the valve in;the closed position shall be provided.
Moisture levels shall be ~compatible with the moistrse levels specified
in the equipment speciflcation(s). Providing a means for indicating
logs of equipment compartment pressurization to the crowmambers shall

be given consideration. (3.1.1.1.3 and 3.2.2.1.3)
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Note: Paragraph references are to Retference 5, MIL-B~3B433A.
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Pressurization of Subsystem Reservoirs and Inflatable Seill,
Supply of Suits

Subsystem ggsegzgir Presaurization.

When the reservoirs of subsystems such as fuel, oil, hudrawlic
fluid, coolant fluid, and water are pressurized with air, the pressur-
ization airflows shall be provided at pressure, temperature, moisture,
and contamination levels compatible with the applicable subsystem
specification requirements. Fail-safe provisions to prevent the
entrance of hazardous fumes and fluids into environmental contrel, the
environmental protection, and the engine bleed air systems ahall he
provided. The supply air flow rate and temperature shall be controlled
to prevent autoignition. Fuel or fule vapors shall be prevented from
backing up into the enbleed air system as a result of fuel expansion,
even with the failure of a single comporent. The entrance of fule funes
into the engine bleed air system shall be prevented by fail-gsafe pro-
visions consisting of two check valves or two similar redundancy means.
Means for enabling ground test of fail-safe provisions for proper oper-
ation shall be incorporated. Where single failure can create the
possibility of excessive fuel tank air temperatures, means for indicating
excessive temperature to the crewmembers shall be provided. (3.1.1.1.5
and 3,2.2.1.5)

Inflatable Seal Pressurization.

Inflatable seals shall be sufficiently pressurized to provide
effective sealing of closures when the compartment pressure is at a
maximum, the aircraft is at maximum operational ceiling, and the
pressurizing source is at a minimum pressure. The pressurization medium
shall be supplied at pressure, temperature, moisture, and contami-.ation
levles compatible with each inflatable seal regquirement. The inflatable
seal system shall include pressure regulator, check valve, filter, and
ground pressurizing and checkout connections in accordance with MS533565
and : hall be located to be easily accessible during ground maintnenance.
The i1flatable seal system shall include provisions for deflation when
on the ground., The seals shall remain inflated in the event of aircraft
electrical system failure, (3.1.1l.1.4 and 3.2.2,1,4)

Anti-q Suit Air Supply.

Pressurization air at pressure, moisture, and contamination levels
compatible with the anti-g suit equipment shall ba provided to each
anti-g suit on aircraft in which the anti-g suits will he used. .The

. tegperaturc gf the anti-g suit air supply shall be controlled vetween

50°F and 130 F. The compressed air source, when required, shall be in
accordance with MIL-D-7890, (3.1.2.7) - :

Note: Paragraph re.erences are to Referzance -5, MIL-E=38453A.
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Bressure Suit Alr Supply.

A supply of air at pressure, moisture, and contamination lsvels :
compatible with the pressure suit egquipment shall be provided for each
pressure suit on aircraft in which pressure suits will be used. The
tegperaturooof the pressure suit air supply shall be ocontrollsd between

S5°F and 90 F. Presiure suit provisions shall be incorporated-in ]
accordance with Section 5B, Chapter 5 of the AFSC Deaign Handbook DI
2-30 (3010208)

Note: Paragrap: referepces are to Reference S, MIL-E-38453A. j
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CO011¥§ in g;ﬁEEQ. Throughout the temperature and humidity range
specified in =STD=210 the cooling eguipment shall have

suffigient thI to maintain the average compartment temperature

at 70" r for all flight oconditions, throughout the range from
minimum to maximum engine power setting, except for transients of

30 minutes or less such as climd, idle destent, and high speed

burst. For transient flight oconditions of 30 uinntaa duration

or less the average compartmant shall not exceed 80 F. (5/3.1.1.2.1.1)

Cooling on Ground. During ground operation in all temperature and
EEEIHI%y conditions of Pigure Al, when using either the aircraft

propulsion engines operating at idle or an on-board auxiliary

power unit, the ocooling equipment shall be capable of preventing
the average compartment tenmperature from exceeding 80 F. Transient
cool down times of compartments following high temperature soaks
shall he as specified in the weapon aystem specifications or held
to a minimum if not specified, (5/3.1.1.2.1..1)

Surface Temperatures. The temperature of all surfaces except

ana gurfaces radiate heat to occupants shall not exceed

levels which advurnaéy affect human comfort. These temperatures

shall not exceed 105 F, except during transient periodsoof 30

minutes or less at which time they shall not exceed 160 F. All
surfaces in occupied compartments, which can be touched by personnel,
shall be maintained at levels that will not cause discomfort if
touched with the unprotected parts of the human body. (5/3.1l.1.2.1.1.)

Warm-up Time. Air cycle air conditioning shall be capable of opera-
tIng .E Yull capacity within 60 seconds of 6nit1al qgeration after

soaking in any ambient tewperature from =65 :0 +160 F. (7/3.6.1.2)

lleating. The aircraft heating eguipment shall be capable of 3a1n-
taInIng an average compartmant air temperatura of at least 80 F

for all ground and fliqht conditions when operating in cold day
ambient conditions specified in MIL-STD=210, Floor areas which

the crew members and passengers will be in coitact with for

extended time periods shall he maintained at or above 60 F during

all flight conditions. Floor areas which crev members and passengers
will not be in contact with for extended time periods shall be
maintained during all fllgat oonditions with n average floor
temperature of at least 60 F with no areas col'der than 40 F. The
maximam floor temperaturas shall not exceed a level that is hazarad-
ous ur uncomfortable. Minimum temperatures of radiant surfaces,
aexcept small local areas, to which occupants may be egpoued in ]
flight for periods longer than 30 minutes shall be 50 F.(5/3.1,1,2.1.2) .

Note: Paragraph references are to Reference 3 (MIL-E-38453A) and to
Reference 7 (MIL=-A~83116A). !
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. Control. Automatic temparature ocontrols shall sget
s 10 ing requirements:

(a) Steagy state: hold average compartment air temperature
within #3°F of settirg selected by crew.

(b) Transient: the time required to stahilize within<:3°r of
the setting sclected after extreme transients caused hy engine
power changes, aircraft mineuvers or change ol selaocted temp=
erature shall not exceed that specified by the airframe
contractors detailed specification and shall be held to a
minimun, »

(c) Manual: an electrical or mechanical means of over riding
the controller shall be provided. (5/3.1..2.1.3)

Distribution. Temperature variation between any two points in

e enyelope occupied by seatad parsonnel shall not deviate mor:
than 5 F from the average compartment temperature. Temperature
differences outside the envelope of seated personnel shall not
vary more than 10 F from the average compartment temperature.
The velocity of the air moving past crew members or passengers
shall not exceed 300 feet per minute.' (5/3.1.1.2.1.4)

Ventilation. A fresh air ventilation rate of at least 20 cubic
TeeC per minute per person shall be provided for the full
complemant of crew members and passengers during all flight and
ground conditions, except that the minimum ventilation rate for
passengers on high density personnel transports may be 13 cubic
feet per minute per person.' The minimum airflow rate into the
compartments of pressurised aircraft for all flight conditions
shall be at least 1.8 times the maximum allowable production
leakaga ate. (5/3.1.1.2,.1,8)

Ram Air Ventilation. An emergency ram air ventilation syatem that
WIIT provide uncontaminated air as ahove during failure of the
normal aircraft cooling provisions shall he incorporated in all
?ircraft that ?o not use ram air as the normal means of ventilation.
$/3.1.1.2.1.6

Contamination. Air supplied to occupied compartments, regardless

of origin, shall not cause caompartment contamination levels in

?xcosc of the maximum allowed by MIL-STD=-800 and Bullesia $26.
$/3.1.1.2.1.7) ‘

Note: Paragraph references ars to Reference S, MIL~E~38453A,
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ggg;&gg. Cooling may be by air -gycle xefrigeration,  vapmi
refrigeration, ram air, compartment air, expandable olahts,
heat storage mntorialo, thermoelectric re!:igo:aeion or sinmilar
tachniques. (5/3.2.2.2.1)

vigor Cycle Refriqeration. See necﬁionxa.z.é.z.l.z ot uxnp;g
Air Cycle Rafriger:tion. See MIL-A-83116A. 'Some highlights are
summarize lows . B St e

(a) it shall be an integral part of the ECS (7/3.5)

(b) non-operating cnmgoncnts shall have a life egual to that of -
the weapon aystem 5.3.1)

(c) operating components which can be overhaalzd for not more
than 65% of the initial cost shall have minimum endurance lives
as follows (7/3 S.3.1 and 3.5.,3.2) o

Cargo and homber aircraft 3000 hours
Fighter and trainer aircraft 2000 hours
Missiles 500 hours
All others ' 1000 hours

(d) the subsystem shall be designed for maintenance, other tha#~;;
overhaul of the air cycle machine, at organization and field T
maintenance levels (7/3.5.4.1)

(e) filters and water separator coalescers shall not, uﬁd.r normal
conditions, require removal from the air vehicle for cleaning in
less than 500 hours of operation (7/3.5.4.1)

(f) turbine inlet noszles shall be replaceable 8 a tinglo unit
(7/3.7.1.13) - R '

(g) the air cycle machine shall be so designed as to lvoid ndverso
effect of entrained moisture or ice (7/3,7.l.11) NPT

Elapsed Tima ;n%*gatogs. Ratriq.ration undts shall haun!elﬂpu-d
time meters reading up to 9999 hours which can be read sasily
without mirross and nnt be easily damaged. (7/3 7.1.3)

'«_'

Note: DParagraph references are to Reforence 5 (MIL—E-38453A) and '
to Reference 7 (MIL-A-83116A).
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Zable A3B

Alr Cend:l.ugim of Occggng Compartmsnts
Deglgn Requirements - continued

' Watex s.%'%ga. Water separators shall be installed as far as

: possible nstream from the turbine unless saparatien is by a

regenerative heat exchange process. An integral bypass valve

. - vihich will allow airflow around the separator if the normal

passage is blocked by dirt or ice, so located that its operacion
will not be prevented by ice build up. Separators exposed to
the possibility of freeszing condition shall be protected by an

’ . anti freesze control. the valve ocontrolling the warm air flow

to prevent freezing shall fail closed. (3.7.4.1)

"Lubrication. Alir cycle machines and high speed fans which use
i rication shall not require changing or addition of
oil at intervals of less than 500 hours of operation., Those
using other types of lubrication shall not require changing
or addition of oil at intervals of less than 1000 hours. (3.5.4.1)
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Note: Paragraph references are to Raference 7, MIL-A=83116A.
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0 Table AGA

Equipment Conditioning
Performance and Punctionalrgggutrements

1T AT

sguipment and Eguippent € ren .

Conditioning as required by the equipment specifications and .
the results of analyses and evaluations accomplished in accordance with
MI1-5TD-890 and MIL-E=83210 shall be provided for equipment and
equipment compartments, (3.1.1.2,2)

L e il

Electronic Ejuipment Cooling.

The cooling prozisions for electronic equipment, excluding the
means for distribution of the coolant media, shall provide cooling for
an electronic heat d.ssipation load 25 percent greater than the on-board
electronic equipment heat load of tne Irrst production aircraft. This
cxcess capacity is intended for future equipment that may bLbe added to ]
the aircraft during service usage; therefore, an additional aliowance !
in excess capacity for equipment that might be added during the devel-
opment phase prior to production and for possible increases in heat
dissipation of equipment over that assumed for the equipment at the start
of the proqgram shall be made in establishing the total system cooling
capacity at the start of an aircraft development program, The appro- 3
priate environment for both operating and nonoperating equipment shall ]
be maintained during all flight conditions and all aircraft groung :
operational conditions with ground ambient temperatures up to 1l25°F
_ and ground humidity levels within the range defined by figure 1,

. including engines at idle speed. The ram air cooling systams for

_ electronic equipment shall have provisions to assure that the equipment

z* will not be adversely affected during the flight in rain with rain fall
rates up to 6 inches per hour. (3.1.1.2.2.1)

i Al

SN e i

E' : Free Convection Air Cooling.

Compartments containing electronic equipment in accordance with ‘
MIL-C-5400, which arc¢ cooled by ambient free convection, shall be
supplied with sufficeint conditioned air to maintain the ambient
temperatures, throughout the conditons of 3.1.1.2.2.1, within the
specified maximum and minimum temperature and altitude limits for the ]
particular class of equipment as defined in MIL-E-5400. Free convection
cooled equipment shall be limited to the operating environment for
which the equipment was designed and tested. (3.1.1.2.2.1.1)

Internally Forced Air Cooling. . i

Force air cooled equipment shall be provided with th¢ cooling air
temperature and weight flow spocified in the equipment specification.

Note: Paragraph references are to Referonce S, HIL-E-38Q53A.
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Temperature and pressure asbients compatible with the environment to
vhich the egquipment was designed and tested shall he provided. 1In

instances wheze it is ed to install equipnent in compartments with

anbient temperature that is more severe than the temperature to which
the equipment has been tested, a thersal analysis that will show
satisfactory functional and reliability performance may be acceptable
in lieu of a retest. Cooling air forced directly over the surface of
ainiaturized or basic electronic components shall be totally void of
entrained moisture. (3.1.1.2.2.1.2)

Cold Plate Forced Convection Air Cooled.

Air supplied to cold plate forced convection cooled units shall
meet the temperaturs &nd weight flow or heat rejection requirements of
each equipment specification, (3.1.1.2.2.1.3)

Forced Convection Liquid Cooled.

Liquid coolant supplied to forced convection liquid cooled equip-
mant shall be at flows, temperatures, and pressures specified by the
equipment detail specifications. All line replaceable units of the
liquid cooling loops shall have self-sealing Jdisconnects. Liquid
coolant connections to the equipment being ocooled shall be a self-
sealing and a quick-dilconmét type. (3.1.1.2.2.1.4)

Texperature CQ;rol.

The range and rate of fluctuation between minimum and maximum
electronic equipment operating temperatures shall be mimimized and
should not exceed that necessary to provide the specified equipment
reliability exoupt during emergency ram air operations. The inlet
cooling air temperature and flow rate to forced and ambient ocooled
electronic equipment should be controlled to prevent overcooling and
assure no problems dve to moisture. (3.1.1.2.2.2)

Distribution.

The cooling air shall be distributed to each unit of equipment
in accordance with ths cooling requirements determined as specified
in 3.1.1.2.2 and 3.1.1.2.2.1. When plenum chasbers (integrated equip-
ment racks and distrijution system) are used to supply cooling air to
several units, the effects of temperature rise and pressure loss shall

L

Note: Paragraph references are to Referance S, MIL-E-384313A.
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Eguipmant. CQndtsiggéng

Performance tnd Functional uir - { nued

ba taken into account in determining cooling requirements. Allowances
for improper flow balancing and system leakage shall be includeu in

the cooling requirements, Cooling air ducts routed through compartments
in which high ambient temperatures or numidity can exist shall bhe
insulated to prevent excessive heat gain or cendensation. When equip-
ment is cooled by exhaust air from occupied compartments, sufficient
redundancy shall he incorporated to insure that no single f£failure in
the occupled compartment coeling circuit will result in equipmsnt over-
heat. Flexible ducts shall be in accordance with MIL-[=8796. Al)
other ducting shall meet the flame resistance requirements of MIL-11-8796.
(3.1.1,2.2.3)

Contamination.

Alr delivered to the interior portions of internally forced con-
vection air cooled electronic equipment shall not contain more than
0.1 gram of solid contaminants per pound of air, and 95 percent of the
particles shall be less than 20 micron in size, and no particle shall
be greater than 50 micron. (3.1.1l.2.2.4)

Emergency Cooling.

In the event of failure of the normal mode of cooling, an alternate
cooling mode through the use of ram air or another ocooling unit if
available shall he provided for all mission essential electrical and
electronic equipment, weapons, and any other applicable compartments,
which are not normally cooled by ram air, to enable sufficient cooling
of the equipmgnt for mission completion as long as ram air temperatures
are below 120 F. The emergency ram air controls shall be dosigned zo
that the normal supply of cooling air to the egquipment and eguipment
compartment is shut off and compartment pressure is released when emner-
gency ram air is selected, Reverse flow through the emergency ram air
circuit shall be prevented unless it is configured to act as a dump
funstion. (3.1:..1..2.2,5)

Note: Paragraph references are to Reference S, MIL-FE-=-38433A.
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Equipmgnt Conditjoning
Desi uiremen i

E mant and mant C rement. ]

Temperature ocontrol for o:utpn.nt and equipment compartments shall i
be automatic., An indication of overtemperature conditions shall be ]
provided to the crewmembers. (3.2.2.2.5%.2)

The oooling air shall be proportioned to the equipment in acocordance
with the oooling requirements of the lpglienbln specification. 3
Insulation to prevent excessive heat gains shall be installed [
around the equipment and equipment compartment distribution ducts
when ducting is routed through compartments capable of high ambients.
When cooling of equipment is accomplished with the air exhausted
from occupied compartments, sufficient redundancy shall be incor-
porated in the provisions that induce flow to the equipment to insure
that no single failure will results in equipment overheat. Flexible
ducts shall be in accordance with MIL-lI=-8796. (3.2.2,2.6.2)

Contamination Control.

When filters are used for contamination control, the gquantity and
type of filters shall be minimized. The filters shall be located for
easy accessibility for inspection, cleaning, and rcplacement. The
filters on aircraft that may he exposed nuclear particulate matter and
chemical and biological warefare agents shall be cesigned with a remote
handling capability. (3.2.2.2.8)

Note: Paragraph references are to Reference 5, MIL-F=-38453A,

ki b
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Table A7TA

Anti-Icing of Non-Transparent Areas
Performance and Functicaal Requirements

Areas to be Protected. Protection is to be provided as follows

L3 % 3

Radomes and antennas if required to maintain radar or

cormunications ert IcIency .

Flight surfaces lons and oxternal stores all on which ice
build up or shedding would cause flight hazard, engine damage or

significant deterioration of performance.

Ram air inlets Ram air inlets and emergency ram air inlets
supplyIng coollng to air conditioning packs, electronic equipmant, :
and compartments unless operation under icing cunditions is 3
possible without detrimental ice build up that could seriously E
impair air conditioning performance or ejquipment cooling or '
damage system components. Protection is to be provided for guide
vanes or at abrupt changes in direction.

s i it vl o o e A R e

Yeteorological Conditions. As shown in Figures A2 and A3, (5/3.1.2.6)
Flight Conditions. The following are the design flight conditions:

j (1) Climb at speed for maxinum rat= of climb.

NVPENOED S I

' i (2) Cruise at speed for maximum range at normal operating ;
altitude, if this is less than 20,000 feet. i

(3) Descent at speeds, rate of descent, and engine power as
: recommended by the manufacturer and approved hy the procurring
activ.i.ty- (9/3.3.2) .

i If the design mission of the aircraft requires intermittent

y operation below 20,000 feet typical conditions including high and ]
low speed shall be included as desiqn points. (9/3.3.2.1) |

i Ground Operation. The system shall be capable of operation on ;
v the groung. 373.6.3) !

;i__ J . , Anti-Icing Gtandards for Speeds less than Curve A of figuxg A4 S
5 B complete evnporaEIon of IIE ImpIngIng water aropIoEa at IgiF -
¥ unless the entire surface is hcated, in which a running-wet o

}3ﬂ surfgce is allowable with a minimum surface temperature of 35 F

at 0 F ambient temperature. (9/1.3.2)

For Speeds gqreater than Curve A but 123: thgg Curve D the system ;
need only provide a running-wet surface a ent since the 3

* runback will not freeze. (9/3.3.4)

Note: Paragraphs are to Reference 5'(MIL-S-38453A) and to Reference
9 (MI1L-A-9482), :
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Performance an¢ Functional Requirements - continued

BNy <
.

For speeds dreatsr than Curve B no anti-icing “systen is FEquired
except for EanaIng and take off. For this case theé contractor’
- shall recommend and the_procurring activity decide whether an

' anti=-icing system is needed. (9/3.3.5) LT TR e

v

Note: Paragraph reference is to Reference 9, MIL-A=9482,
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leat Source. Thermal anti-icing systems must conform to MIL-A-

. The primacy heat soulce shall be hot air obtained from
compressor bleed, exhaust gas heat exchangexrs, mixtures of
compressor hleed air and exhaust gasec or combustion heaters.
Electrical heating may be used for small areas where it is more .
?ogvggﬁg?t or where it induces less penalty to aircraft performance.

9/3.8, B 4 - ‘ T

Scoops and ducts leading to exhaust Qas»heat:oxehinQor- or
combustion heaters which provide heat for anti~icing shall be
electricelly heated., (9/3.5.2)

When mote than a single source of heated air is used to furnish
heat for the anti-icing system, the several sources shall be
manifolded together so that in the event of the failure of one -
heat source the remaining heat supply can be distributed to all
the surfaces to be anti-iced. (9/3.5.3) '

llot air cycle or electrical cycle de-icing and anti-icing may be
used when designed and installed in accordance with an approved
contractor specification. (5/3.2.3.5.3)

3

o

Note: Paragraph references are to Reference 5 (MI1-E-38453A) and
to Reference 9 (MIL=A-9482), :
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From MIL-B-3845£A,,2 Duce-bor 1971

] Fli 5 !c v
Flight testing of flight surface lnd 1n1¢t ant1~icing pgoviuions
shall be accomplighed in accordance with MIL-A-9462 &nd deiestrated

Y s e

v : by flight in natural or simulated icing conditions. Flight testing
, of radome anti-icing provisions shall be accomplished, with .progedures

given in MIL-A-2482 for flight surfaces, and Qemonstrated hy flight ;
in natural or simulated icing conditions. When flight sur acn 0T :
inlet anti-icing provisions are not provided, filgnts shall be made k
with simulated ice build-up shapes installed to demonstrate that.per- :
formance is not degraded below a minimum acteptable level. (4.30.7.7)

e T ¢ T

From MIL-A-9482, 2 September 1954

Flight Tests,

Flight tests shall be conducted to demonstrate contral systam
operation, temperature indication operation, operation of overheat
warning or control, freedom from overheating and detrimental effects
of differential expansion. In addition, a complete thermal survey
shall be conducted to determine the heat available. These tests
shall he conducted in dry air unless otherwise specified by the pro-
curing activity, but should be conducted with sufficient detail and
accuracy to permit extrapolation of the results to actual icing
conditions., Flight conditions shall include at lecast the following:

(1) Xormal takeoff and climb to operatinc altitude

(2) ‘lormal descent and landing
Level flight at speed for maximum endurance, maximum

(3)
speed, and an intermediate speed approximately halfway
hetween these speeds at 5,000, 12,000, and 20,000 feet

altitudes (4.2.3)

Instrumentation shall be installed to determine the'quhatity and

temperature of air frem each heat source and the temperature and
quantity of airflow in all main distribution ducts. At least 3 wing
stations on one side of the airplane and 2 stations on one horizontal
and vertical tail surface shall be instrumented to proves a chordwise
profile of exterior and inner skin temperatures as well as temperature ]
drop and airflow through the double skin passages. The remaining wingj
and tail surfaces shall have sufficient instrumentation to insure that |
they are recaiving the same heat supply as the comp letely 1nstrnmantedj
g
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Table ATC

~loing of NopeTr : S
Contractor Flight ~Continusd

section., Sufficient structural temperatures shall be measured to ensure
that structuraloverheating does not ooccux. Shiclded thermocouples shall
be used for wmeasuring air temperatures in locations where ther is a
substantial difference between air temperature and the surrounding -
metal, If there are discontinuities in the heated areas, sufficient
temperature measurements shall be made to determine the effect of the
heat flow from the heated to the unheated area. Thermocouples used on
aireraft to be tested by WADC shall be copper constantan to reduce

the effects of corrosion on instrumentation reliability. Surface
temperatures and hea: l:iply shall be measured on scoops or othexr
miscsllaneons items provided with anti-icing protection. (4.2.3.1)
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Arccs to he Trotegteil. - Windshisld and hombardiera pénel and =I5

all arcas osbential to the 'mispion of the ‘aireraft -such ‘as
scanninn and sighting stations, astrodomes, camera winBows,
araaa ru"uirad by the pilot or co=pilot to actomplizh evasivo

action, areas rejuired by tho flighy enginecr. o check operation
3

of enqxﬂoa or cont:ul surtacna shail bbaptotdbtea.w (6/3;7~an&3§’

Flight onéitiona. ALl ooaﬂxtion. of THghtes = - - o~

Performance. 'intshielﬂ and'bombarﬂinrs panel: heat to bhe:
uuppILPJ to axfetior au requited in MIT=T=5842A paragraph’ 3,.7,1,
Nther nmission es eentz.nl areas sufficient to maintain primarcy
function, (6/3.7

Note: Paragraph refercences are to Reference &, [IT=T=5P427,
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m%. May be hot air jet blast, electrical conductive coatings
or ared radiation. For areas other than windshields and the
bombardiers panel liquid ngtny or extendable shields or deflectors
My .1.0 b. u..do (‘/3.7. 01 ‘nd 3.'.3,

W. If the dasign is such that overheating is
possible under soms ground or flight oconditions ature
limiting devices shall be installed. 1If electrically conductive
coatings &are used a separate control sensor, overheat asnsor,
temperaturs controller and power source shall be provided for
each panel, Positive power-off action shall result in the case
of a control circuit malfunction or failure that could result

in overheat. (‘/3.‘01.2, 3.11.3 and 5/3.205.1)

Control. Wwhen electrically conductive ovatings or infrared
sources are used they shall incorporate an automatic temperature
control operated by 2 te rature sensing sloment in the
transparent area. A mult gouition switch having not less than
an off, low (approximately 1/2 total power) and high position
shall he used to operate the system. (6/7.11.1.3)

1

Ylote: DPlaragraph referecnces arc to Reference 53 (MINL-E~38453A) and
to Raference 6§ (MIL-T-5842A).
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S¥aas ko ho Trotgeted. vindshielts and Sorbardteru pPénal. .\K-"
transparent aroas essential to the mission of” the airecraft such. .
asz scanning or siqhiting stations, as¥rodoimas, camara windows,
arcas re-uire? by the pllot or co-pilot for evasive setion,

arcas required hy the flight engineer to checl: oper of .
onginas or control gsurfaces, arcas: roqnircﬂ for 5- : shink 15
proteceed, . (3,%2.1)

Tlight Tonditions. ll conditions of 119‘\?., incl u(d.nq ﬂight
at constant altitude. Adéitionally for combat aircraft,. during
¢ rapi® descent from altitude (mrimum rate of descent at ligit -

cive speed from servieoe celling tc se¢a lavél and raté of de.iceat
at recormended descent speed). (3.7.4-and 3.7.%)

Ltrospheric Conditions. Uith saturated air within the compartnant

temperatures and altitudes, including moisture output of

0 .) >ou1r’ per hour per occupant. "xternal arhient air temperaturc
¢ fronm sea level to 25,000 fegt, then decreasing linearly

”ﬂr} increasc in altitudgs to =90 °F at 5 0')0 fect. Constant at

=20 7"" ghove 50,000 feet. (3.9.2,1 and .3)

croun” Opcration. Jystems shall ba capable of clearing the
TingshiclT and Riose areas regquired for ground harndling and
operation Jduring engine varw-up, tariing, tate-=off and touchidown.
(3.9.7)

ote: Paragranh reflercnces are te Reference (, lIT=-T=GB427,
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g!i%%%l. May consist of hot air jets, dcuble panes with hot air
n panes, double panes with dry air insulating gap,
eleactrically conductive coatings, infrared radiation, huaidity

. control of cabin air or any combination of these mithods. (6/3.9.6.1)
o::;g;;i P:oiﬁg;;on. If overheating of the transprent arca or
any part o @ Systam is possible under some ground or flig::

. conditions, the temperature limiting devices shall be provided.

to prevent this overheating., (6/3.11,3)

Control., If hot air is used, the ovorheating effects in occupied
Compartments is to be minimised, 1If a power operated shut off E
valve is used a manual backup shall be provided. When electrically E
conductive coatings or infrared sounrces are used solely for

: defrosting and defogging (i.e., not for anti-icing) taey shall
; ' incorporate an automatic temperature control regulated by means
: of a tewperature sensing element in the transparent area and

t operated by an "ON-OFP" gwitch. (5/3.2.3.1 and 6/3.11.1.4)

Chenical Humidity Control. If chemicals are used to control

) e cabin or transparent area defogging and defrosting,
consideration shall be given to a continuous system in which the
reactivation process is contained within the system. If a self
reactivating system is not used the chemicals shall be in a
contajner which may be readily veplaced or removed fnr reactivation.
The minimum allowable pariod between replacements or reactivations
?hall be 10 flights under the maximum condition of moisture remcvel.
6/3.9.6) '

1 e o

Note: Paragraph refersnces are to Reference 5 (HMIT-E-38453A) and
tc Reference 6 (MIL-T=5842A). -
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Araas to be Protoctcd. Filot and éa;élibt windshields, Sensor

windows for a 1ght conditions for which sen:or Oporntion
is required. (5/3 1.2.2 and 3,1.2,3) = te
We Cond + lleavy rain (0.59 .inches per hour, 1300

mater median droplet diametar), snow, and excissive rain
(.16 inches per hour, 2300 nicrow.ter median dr0p1ut dialnt.t).,

(5/73.1.2,2) o
Flight COhdiS&gnl. A sufficient area nhall be cleared in honvy
rain an snow under the following conditions:

(1) ground taxi, take off, landxn. approach nnd lnnd&aq

(2) in-flight refuelling, if required below 20,000 feet

(3) level flight at 1.6 times the stall specd at maximun
waeight with flaps and gear ratracted for fixed wing aircrate

(4) maximum cruise speed for rotary wing aircraft

In excessive rain sufficient clearance shall be provided to
cnable a safa landing. (5/3.1,2.2 and 3.1.2.3)

Araa to he c1e§£§g. This is e=tablished by rain tunnel tests on
a mockup., vdle2.2)

Meth « Jat blast, rain repellant or wipers. 1If jet blast is

use must provide sufficient flow for all ground and flight
conditions including the minimum power settings normally associatud
with descent, flare, throttledown and taxi. Excessive window
temperatures shall be sensed and a caution light provided.
(5/3.2.3.2)

Note: Paragraph raeaferences are to Reference S5, MIL-E-38453A.
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d. When missions of the aircraft require low level
ove @ ocsans or along the coast (salt) or over land
(insects and dust). Vertical take off and landing aircraft shall
have a washing systea for maintaining the pilot and co=-pilots
vindshield free of dust. (3/3.1.2.4 and 3.1.2.3)

%ﬁ to % ;x!'g ?cud. Pilot and co-pilots windshield and semsor
n . sded.§ and 3, 1.2,%)

a o Maximum duration of low level flight during one -iiuion.
[ X Y ] o‘ .nd 3.1.2.3)

Ingect C n « One 120 milligram insect for 20,000 cubic
et O . «1e2.9%)

Washing System. This shall include a refillable reservoir with
Eﬂn'ns'g. p.ﬁ'v'!uou. a means for determining fluid level, and a
bleed purging linc or a nozszle drain. The washing fluid shall
be non=toxic, nonflammable, non-corrosive and shall not have
any adverne effects on the windshield or any other aircraft
materials. If freesing of the washing fluid can occur then

(a) the fluiad storage and supply equipment shall not fail as
a result of repesated freese and thaw cycles

(b) the fluid shall be p:dvidod to the tranaparency in sufficient
quantity when required. (5/3.2.3.4)

Note: Paragraph references are to Reference 5, NIL-E-38433A.
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P&ol &\maga An automatic diluter demand-pressure breathing
regulator, aconrdance with MIL=-R=25410 oxr MIL-R-83178 (M827599)
as applicable, shall be installed at sach permanent and temporary
crew station in the aircraft. The pilot's panel mounted regulator
shall be located in accordance with MIL=8TD=203, The crew mewber's
regulator shall be in the crew member's field of vision so that

he can readily read the regulator without more than turing his

head and with minimum interference with his flight Quties. The
regulators shall be located as close to the stations as is n?uind
to reach the regulator by normal extension of the crev mamber's
arm. The regulators shall be located so that they cannot be
damaged by movement of personnel around them and may be wounted
vertically or horisontally. The panel wounted breathing regulator
shall he installed with flexible hose for both inlet and outlet
ports, so that the regulator may be front serviced for both
installation or removal., (10/3.6.3.1 and 11/3.6.2.1)

Non-panal mounted: A manual shut-off valve shall be provided
at each crewmember station where a seat, chest, or head mounted
regulator is to be used. This valve shall control the ox¥gcn
flow to the regulator and provide means for stopping the flow from.
a defective quick disconnect or a damaged supply hose., Storage
provisions shall be wmade for chest mounting regulators to prevent
damage or contamination during servicing and ingress-egress actions.
Non-panel mounted regulators shall be installed as specified by the
procuring activity. (10/3,6.3.2 and 11/3.6,2.2)

Gauges and Incdicators. Liquid oxygen totalizing guantity
Inagoaﬁn shall be provided at the pilots or co-pilots station
of aircraft in which more than one converter is installed, with
a repeater indicator in each isolated flight compartments.

The ndicato: shall be within the normal fiecld of vision of the
pilot/co-pilot/crew member so that he may see the gage when in
normal operating of flight position without turning his head and
with minimum interference with his flight duties. (10/3.5.1 and
3.6.2)

With gaseous oxygen syatems indicating instruments shall be
provided at those crew stations not provided with panel mounted
regulators. DBoth pilot and co-pilot shall have complete indicating
instruments while the other crew members shall have only flow
indicators, except when mask, helmet or chest mounted regulators
provide ohvious evidence and sensorial perception of oxygen
flow, Each additional crew compartment shall have a pressure gage.
A pressure gage shall he provided in the passenger compartment
80 as to be readily visible to a crew member. (11/3.5.4). Note:
Paragraph refersences are to Reference 10 (MIL=-D~19326F) or 11
(MIL-D-RG83RB).
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o§xgeh'stt§m Requirements (continued)

Location. The oxygen equipment, tubing, and fittings shall be
Tocated as remotely as practicable from fuel, oil, hydraulic,
water injection, storage battery systems, eihiatst ‘stacks and
manifolds, electrical and radio systems., Insofar as ‘practicable,
oxygen linee shall not be grouped with lines carrying ‘flamnable-
fluids away from oxygen lines, fittings, and equipment. Whenever
possible, cylinders shall not be'in line with the plane of rotation
of a turbine or propaller, Components of the oxygen system shall E
not be installed where they will be subjected to temperatures 3
in exceas of that specified in the individual com onent specifi- 3
cations, and no part of th: system shall be installed {n an area
which will be 8ubject8d to.a temperature of 250 F (121°C) (gaseous
oxygen) or 350 F (176 C) (liquid oxygen) or greater. Oxygen =
cylinders or converters shall rot be located near equipment ‘that
dissipates a high quantity of heat, (10/3.5.6 and 11/3,5.5).

If two or more gaseous oxygen cylinders are installed they 3
shall be separated as much as practicable to minimize combat 3
vulnerability. (11l.3.6.1). ' :

Filling. The installation shall also provide for replenishing
the oxvgen sypply by connecting an external filling source ;
directly to the filling valve. The filling point shall be i
located such that the time for gaining access for connecting 1
the external filling source shall not exceed one man minute 3
and shall not create a hazard for servicing personnel, :
10/3.6.1 and 11/3.6.1). ' :

Note: Paragraph references are to Reference 10 (MIL-D=19326F
and to Reference 1l (MIL-D-8683B).,
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1.0 REFERENGES:

1.5 DR 14-13, "Smoke and fumes in

the AV Hot light to illuminate,” 6

.1

.13

1.1
a,ﬂems." 31 March 1971,

1.1 PID CP76301A328A086A, F-13 Air Vehicle Envirommental Control Subsystems.
1.2 Contractor DTGE T1S fer ECS, CPOBSFFO02.01, 13 Jume 1973,

1.3. T.0. 1P-13A-1, Flight Manusl P-15A.

1.4 AFFIC Test Information Sheet mumber ('1‘!8). IAFDTLE-3, 3 October 197).

1.6 DR 53-47, "Cockpit airflow surges and presgurization fluctuations were
experienced inflight," 20 Octobar 1972, AFFTC.

1,7 AFFIC TIS AFPE #5, 1 May 1973,

1.8 F-15 AFDT&E Plan, AFFTC, ld.wardo AFB, Ca., July 1972,

1.9 DR 117-107, "Insufficient cooling airflow at low power settings is causing
1.10 Threshold Limit Values, Americen Conference of Governmental Industrial
Rygienists {MIL-STD-1472, para 5.8.1.2).

MCAIR AOAS, "Relisbility Program Plan.”

1.12 DR 3-3, “"ECS Ground cooling fan failures,” 1 December 1972,

DR 47-41, "Excessive ECS component failures," 19 October 1972,
MIL-A-83116A, "GCeneral Specification for Aircraft Air Conditioning Sub-

CP¢«101AI28A082A (S8), r-15 Avionics Subsystes, September 1973,

cackpit,”" 16 Octoder 1973, AFFTC,

March 1973,
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F The BCS ptovuu eooung and pressurization, as uqulud. totrf“' 2 ,t& prete

the cockpit and avionics, windshield anti-fog and anti-lce,

; anti-G, canopy ssel, and fuel pressurisation. The RCS uses 31 Octobax 192N -
! high temperature, high pressure thirteanth. stage engine com-
o ) pressor blecd air from either or both engines. Engine bleed air passes through the
2 primary heat exchangers and is cooled bolow the auto ignition temperature of fuel,
f oil, and hydraulic fluid prior to passing through the engine compartment firewall,
| The Air Cycle Air Conditioning Subsystem (ACACS) takes this preconditioned bleed atr

1. and further conditions it to meat cockpit and avionics snvircnmontal vegquiremmnts, d
The svatew incorporates a liquid cooling sy¥tem for the radar transwmitter. The cocke}: 37
pit will start to pressurize at 8,000 feet PA and maintain a cabin pressure altituda 1
. of 8,000 feet until approximately 23,100 fest., Above. 23,100 fece the cahin regule- 3
tor maintains a 5 PSID below the actual aircraft altitude. Some modifications to
the original ECS are: removel of the liquid rain repellant system, romoval of the
ground cooling fan and replacement with ejector noxzzles on the secondary heat ex-
changer, and redesigned cahin snd avionics control valves, controllers, sensors, and

the autogenous temperature control system, 3

R e

: , 3.0 OVERALL OBJECTI

) To determine whether the Envitonmental Control System of the F-15 {s operationslly !
suitable. Tests will be conducted primarily at the AFFTC, with some of the test B
v oh jectives being repeated under extreme environmental conditions in the climatic

3 laboratory, Alaska, Panama, and El Centro, California, Specific objectives will be
wxpanded at a later date to include extremes environmental conditions, where ap-

) ! plicable,
o
!
!
|

o e i SR i o e

4.0 SPECIFIC OBJECTIVES:

4.1 OBJECTIVE: Evaluate the normal operations of the ECS ‘hroughout the design
flight and ground envalope of the F-15 aircraft.

4.1.1 Requivement Rafevrences: Ref. 1.1, 1.2, 1.3, l.¢, 1.7, 1,8, 1,10 end 1,11
‘ 1

4,1,2 Test Conditions: All altitudes up to the operational ceiling of the air-
craft and all airspecds up to Vmax at various altitudes. Cround runs with two

engines and single engine will be performed. A ground run following a hoat
soak will aleo be conducted. All points will be on a ride along basis. Spe-

cific conditions to be flowm are:

BRI g e e =

el Mt s

Flight Cond, - Power Setting Maneuyer .

Takeoff Mil Field elev. to 23500 AGL

Takeoff A/n Flel# elav. to 5000 AGL

Climd I} 5000 to 30,000 PA i
Climb ' A/D - 5000 to 50,000 P : i
Deacent/clind As Req'd Wespons delivery mode (roll- ]

o in at 10,000 £t MSL amd 1,000
‘ f. ACL recovery) v

“Crutse .+ - . m1 ,3,000 PA level. f

Vmax . A3 '$,000 ACL level

Crutse Max Endurauce 20,000 PA level UV N
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4.3 OBJERCTIVE: Evaluate ability of the ECS to pravent airflow or pressuriszstion
surges. .

Rlight Cnd, Powst Setting

Cruise . Max Endursnce 35,000 PA lewel

Crulse , Max Rwdurance 30,000 PA level

Vmax - : AlB ' 30,000 PA lewel

Rapid Descent As Bag'd . 30,000 PA to 1,000 AGL
Normal Descent As Reg'd 30,000 PA to 1,000 AGL

&.1.5 1cst Procedurg: During all flights the pilot vul.uuun the ECS and
monitor the performance of the ECS for adequate coolimg/heating, pressurization,
airflow, anti-fogging, fuel tank pressurization (feeding), fumos, stc, The

pllay will report any discrepancies, and, if appropriate, W will teke an in-
strumentation record, Automatic and manual temperature comtrol wodes will also
be { westigated by ulcctm. various ntu.n;. and allowing temperatures and flow

rates to stabilize,

4.1.4 Support Pequivrements: Telemetry, when available to support the primery
objectives. .

4.1.3 Data: Ptlot comments, time history plots of selected parematers in
Table 1.

- 4,2 OBJECTIVE: Evaluate cockpit envirommant for smoke and fumes thtoughout AFDTE&R
program, '

42,1 Requ ference: Ref 1.1, 1..‘. and 1.10,

4,2,2 Tesc Condjtions: Same as 4.1.2,
4.2.3 Test Procedures: Same as 4.1.3.
A.2.4 w Seme as 4,1.4,

4.2.5 Data: Some as 4.1.5,

4.3.1 Reguirement References: Ref 1.4 and 1.6,

4.3.2 Jeat Conditions:

Press Alt  Airapeed Thwottle(s) -

~{faat) ~{uen ~{R0N ALr Soures (Pogitton)
Greuad 9.0 68 - MIL - 8% ot .

10K NS 0.4 72 - MIL - 7SR 20TH

13 0.6 n WL - 5% TR

Sor 0.9 - om. 0T .

4 e.9 n . - WTH
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* Requires engines sequance number 036 ot subsequent.

program,

fzation schedule,

.emperatured and humidity ranges throughout the flight euvelope.

4.3.3 : Stebilize at points in para el SRt S

4.3.2 and make rapid throttle movements, first with one oATE
throttla st a time, then with both throttlea simultaneous- 31 October 1973

ly. 1f ECS surges are encountered, repeat mansuver with air sourece selector in

LEFT, snd in RIGHT to try to isolate vhich bleed air system ia causing the problnﬁ

4.3.4 W Engines with fast acceleration package (036 or
subsequent are required,

4.3,5 Data: Time history plots of sealected parameters listed in Tedle 1,
OBJECTIVE: Eveluate cockpit environment during gun firing miseions throughout

4.4.1 Requirements Refetence: Ref 1.4 and 1.7,

4.4,2 Test Co o Procedures: Oondtttom will be on a ride along basis
and ss specified during the gun firing wmissions. The pilot will conduct the first
several firings on 100X oxygen and take air bottle samples before and following
the firings. The air bottle samplings will be taken to determine {f the cockpit
is free of noxious or toxic fumea. During the remaining gun firings the pilot
will place his oxygen regulator on normal oxygen,

4,4.3 Support Requirements: A safcty chase, gas sample bottles installed in afr-
craft prior to flight (cabin contamination lavel - Seq No 55 or WQ55), and gas
sample analysis,

4,4,4 Data: Pilot comments, resulta of gas sample analysis, and time history
plots of f selected parameters from Table 1.

OBJECTIVE: Evaluato ability of the ECS to maintain a proper cockpit pressur-

4.5.1 Requirewments References: Ref 1.1, 1,2, 1.3, 1.4, 1,6, and 1.8,

4.5.2 Teat Conditions: A wilitary power climb from approximataly 5,000 feet
PA to 50,000 fect will be accomplished.

4.5.3 Test Procedures: A military power climb at about A8 IMN will be performe
beginning at 5,000 feet PA. During tke climb the pilot will mark the altitudes
iu 2,000 fcet incroments, i.e., 8K, 10K, 12K and so on. Uf possible, the pilot
will also read out cabin altitude during the climh. Pilot will level off at
50,000 feet and after approximately 30 seconds perform a rapid descent.

4.5.4 Support Requircments: Barometric pressures and tcnpoutur. information
for altitudes up to 50K from the weather service. .

4.3.5 Data: nlot commente, data from weathetv service, tiwe history and tad-
ulated values of SC 40 and ECO4.

OBJECTIVE: FEvaluate the ability of the EC3 to provide and maintais comferteble

4.6.1 Bcgu!;ggg:sg Reference: Ref 1,1 and 1.4,
R
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AFFTC 'II"N'O?AYM MHERT (TS = CONTINUXTION

4,.8.2 x The conditions will be those on | 4L A
: the ground and et all ultitudes up to the operational peppo or . whoth
; coilin: and all airspeeds up to Vmax at various altitudes -9 11

These puints will bu on & ride along basis.

eave

l 3 Octaber 1973
4.6.3 JXoat Procedurqa: Throughout the flight envelope, '
the pilot will eemple temperature and hwaidity conditions by taking a record

4 with the osboard instrumentation psckage. Records will be made uning sclected
L ' setiings on the tomperature control knoh. System rcaponsc to setting changes

" ) will aleo ba determined. These tests will he conducted in both suto and manual
: tewperature control modes, and emsrgency vent (Dump)/bleed alr OFF conditioms.
é L
: . &.8.4 wmf‘: F-15 ¥o. 3, orboard instrumentation set on alter-
native program (program B) for .recording tesperatures.

4,6.5 Detg*' Time history plots of parameters iisted in Table 2.

4.7 OBILCTIVE: Der~rmime the cockpit dcpunuﬁ‘uuon. repreasurisation, and leakage
rates. .

4.7.1 Requirement Refexence: Ret 1.1 and 1.8.

&4.7.2 Test Conditions: Emergency cabin pressure dump and ventilation will be
selected at the following conditions: ) :

et A Y a3 . e 1

Pressuxe Alt (feet, PA) Indicated Mach No.

. 3,500 0.3}
& : 5,000 0.41
{ 5,000 1.11

i 10,000 0.37
[ by 10,000 1.13
; ; ”.m * CQ”
Ef 60, 000w« 2.00
? *Cabin leakage test condition. .

** Pilot will wear pressure suit.

4.7.3 Tqst Procedures: Ewergency dump and ventilation will be selected at the
stubiliscd test conditions listed in para 4.7.2, For tha 60,000 feet point the
pilot is required to wear a full pressure suit, which will he checked out during
the clisb at approximately 35,000 feet. Depressuriszation and pressurization
vates will be calculated. At 35,000 feet and approximately 300 KIAS the pilet

) will switeh bleed air source to OFF position. Cubin dump will not be selected.
v The pilot will maintain 33,000 feet until the cabin altitude squalizes with the
afrcraft altitude,

4.7.4 Zunport Reeuirespmts: Pull pressure suit (only the 60K test point).

4.7.5 Deta: Tise hatery plots of selected parameters listed tn Table 1, and
pilot comments. Contracter date will be used for the 60,000 foot test point.

3.8 ORIECTIVE: Determine the capebility of the nés to provide adequate temperatures
and flow rvates te aviewice equipnent bays and te minimise tewperatuvre variances.

e R s g
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APFTC TEST INPORMATION SHERT (T13) - CONTINUATION
4.8.1 Reference Reguiremsnta: Ref 1.1, 1.2, 1.4, 1.9, . A
end 1.13. . . - N I RITR
4.8.2 Test Condicions: Same as pars 4.6.2, oAtk ;
31 Octoher 1973
4,8.3 Teat Procedyreq: Simtlar to para 4.6.3; however, T

emphasis will be placed on the avionics air supply. All aviontes equipment,
except for ICS (Internal Countermeasures System) will be in operation. The IC3
cooling airflow.has been provided; however, it canmot be evaluated until actual
ICS equipwent has been installed in the aircreft. The radar shall be placed
in Long Range Search (LRS) mode with Medium Range Missile (MRM) selocted. The
cabin and avionics temperature/flow controllers will be met on schedules as
determined by the contractor (set prior to flight). The pilot will cbserve amd
note anytime the AV liot Light {lluminates, '

4,8.4 Support Requirements: Same as 4,6.4 plus temperature decals in a rvange
of 110 - 180 degrees F to be placed in avionics compartwments.

4.8.%5 Data: Pilot comments, time history plots of selected parameters listed
in Table 1, avnd post flight readings Erom tempcrature decals in the avionics
compartments,

4.9 OBJECTIVE: Evaluate the ability of the anti-fog subsystem to prevent formation
of frost or fog in the mission essential transparent area of the windshield/canopy.

4.9.1 Requirements Reference: Ref 1.1, 1.2, and 1.4,

4.9.2 Teat Conditions: The test will begin with a cold soaking of the air-
craft for at least 30 minutes at 40,000 feet MSL at about 250 KIAS (.82 [MN).
Then a rapid descent to 1,000 feet MSL (or AGL) will be performed.

4.9.7 Test Procedures: The aircraft will proceed out to the PMR at or above
40,000 fect at approximately 250 KIAS or ae consistent with engine placards, A
rapid descent at a -60 degree pitch angle with engines in idle and speed brake
extended will be performed. The aircraft will remain subsonic and initiate
pullout above 6,500 feet MSL and recover no lower than 1,000 feet MSL. The
descent will be made with the tomperature control knob at a selected setting.
1f during the descent frost or fog begins to form, the pilot will select a
warmer position on the control knob that will eliminate the condition.

4.9.4 Support Requirements: Onboard instrumentation and safety chase.

.

4.9.5 Data: Selected time history plots of measurands {rom Tabla 1, pilot
comments, and ambiont conditions from Weather Service, i.e,, tempsrature,
humidity, bavometric pressures in vicinity of tests. .

4,10 - QBJECT]VE: Evaluate the capability of the oxygen subsystem €O provide suf-

ficient oxygen throughout the aircraft's flight envelope in normal, 100%, and pres-
surc demand. : . :

4.10.1 Regqujrements Reference: Ref 1.1 and 1.8,
4-10.2 Test Conditions: Ssme as para 4.1.2 and 4.6.2.

PR Bt a

134

e ki

e e Sl S il

CIIEIRRIN - N ST




-k

DR BT R T R e e
n:‘fat:yp s

.
-
e e e e e M .

4]

\‘m
ARFTC TRST MN’_A“N'I SHEET (T15) « CUNTINUATION

I TNE "L VINON
4.10,) Tent Procedurent The ouypen subsystem will be M A
uvaluated on 8 ride along basid st all points of nvrmal [ ooe oF 31 MAGKS 3
afrcraft operations to include some cabin dump potnts 7 i ‘ i
which require preasure demand above 30,000 feet pressure [eatre '
altitude, 31 October 1973 i
4.10.4 Suppors Requirvemengy: WNone i
4.10.3 Date: Pilot comments.
4,11 QMIRCTIVR: Detormine any trends towards aarly or exceasive ECS commn't ]
fallures, j
4.11.1 Requirement Reference: Ref 1.1, 1.4, 1.8, 1,11, 1.12, and 1.13, 3
4,11,2 Teat Conditions: No specific test conditions required,
¢.11.3 Test Procedurcs: Tha RCS will be mznnond for proper oporation on all j

flights. E

4,11.6 Support Requircments: Access to MCAIR maintensnce rocords aud infor-
wation from the F-15 data retricval ayatom. .

4.11.5 Data: Pilot and maintenance commente, time history plots of selected
parameters in Table 1 {f a aystem failure occurs,

N

412 OBJECTIVR: Fvaluate the sbility of the ECS to providc adequate cooling airflaw
to the Internal Countermcasures System (1CS).

b s e e

P

4.12.1 Requirement References: Ref 1,1,

4,12.2 Teat Conditjona: Conditions will be on a ride along basis and as
specified during the Tactical Electronic Warfare System (TEWS) missiouns. ;

4,12.3 Test Procedures: . Throughout the ground and (1 ight envelopa, the pilot
will take records of the ICS temperatures and prassures. For ground operations
the ICS will ha in the standby wode and vracords will he taken under varying
amhient conditions. During ICS operations records will also be taken at sclected
.conditions with all avionica ON. In addition to the paiamectera listed tn Table :
3, tompersture decals in the vange from 110-180 dogroes ¥ will be placed on the ;

ICS units.
4.12.4 Support Requirementy: Seme as 4.8.4 plus F-15 No. 10, i

4.12.3 Data: Pilet comments, time history plots of parameters listed in Table
3, and post [light rcadings from temperature decals in ICS compartment,
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INTRONDUCTION

The final report will give a brief description of the enviren-
mental control system, explaining the basic logic of ita operation
and its principal operating modes. The report will then discuss

" in tugn each component of the system (bleed air system, cabin
pressurization and so on)., The general approach will be to:

a, describe the componant and its function
b, present the evaluation criteria

c. describe the test results %
. d. state whether the evaluation criteria were met é

lthen the criteria are not met enough detail must be provided
- to effectively define the shortfall in each case. Tabular summaries
: will be given where appropriate, time histories will also be given
' with attention drawn to the important parameters. Photographs
' should he used where appropriate, A general format is suggested
below followed by a discussion of functions, evaluation criteria ;
and pertinent parameters for each component. The writer should, :
however, be familiar with and conform to current report format rules.

FORMAT

Test Objectives:

Lo State that the objective is to determine whether the com-
i ponent meets its specific requirements and also whether it is
v operationally acceptable., A brief summary of the specific

requirements may be desirable. '

o e e iy e e e
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Dascription of Test Item:

gt : A short description should be given of the component being
=§ tested, supported by a schematic. Dascribe its various operating
;. modes, including operation with partial failure and emergenacy

operation as appropriate. ;

iy
3; Test Methods and Condi;;onsx

ed Describe these in generpl terms, Details of the tests are
. probably best combined with discussion of test results,

e

20k i b

Test Results:

) -] - Present results in narrative form, including a short statement
% I of overall results and trendp supported by tabular and gxnphic

data as appropriate.




Narrative.

Summarize overall results and conclusions with qualifying. -
remarks as necessary. If the cémponent is satisfactory, sp state.
) Discuss deficiencies in:-sufficient detail to effectiy 1y define ;.

4 the problem, Service Reports (S.R.n0) subinitted durinq Ehe test. . .
program should be referenced and discusged as appropr: ate, ;;§§§§yi
be desirable -to ineclude copies of all SRs as an Appendix. 7

AL

5_ = Tabular Data.

, Present tabular summaries of the tests conducted which should
i g include:

v ; 1. Flight identification (date, flight number, aircraft, etc.)

2. RKey parameter for the specific component and tesat

3. Comments as appropriate

Graphical Data.

: Present time histories of dynamic tests as appropriate. Use
k photographs to illustrate problem areas and deficiencies.

g s
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1 BLEED AIR SYSTEM

The bleed air system consists of the ducting and components
that pass high and low pressure bleed air from the engine parts
or other compressed air sources to the virious subsystems that use
bleed air. These sources may include any/all engines, an Auxiliary
Power Unit and ground support equipment, o

iz
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Test Objectives:

The test objectives are: i

1. to determine whether the bleed air system provides air :
at the flow rates, temperatures, pressures, moisture content ;
and priority required by each subsystem or component using 3

bleed air 3

2. to determine whether the bleed air system can.provide
the maximum required combined flow under the mose adverse
conditions (e.g. descent at idle power)

3. to determine whether the bleed system meets other per- &
formance and design requirements, summarized in Tables AlA ]

and Al1B (page 91 and 92)

4. to evaluate the bleed air controls (shut 6££HVa1vég,”
cross over, etc.) provided to the crew o ’
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4 ] Key Parameters:
' 1 Thesc are

l. bhleed air system configuration

TR [ -

2. flight conditions (if airboxne)

3 3. engine logtinga ;

; * 4, pressure, temperature and mass flow of air delivered to A
4 each using subsystem/component _ E
4 ’ i
' R : 5. pressure, temperature and mass flow of air from end :
: e o regime/APU 1

W ST

6. moisture content, where applicable |

SRRy

i 7. contaimination

8. ground and flight crew comments

PRESSURIZATION OF OCCUPIED COMPARTMENTS

The basic functions of the pressurization system is to

; ; provide a comfortably low pressure altitude in the occupied

: compartments of aircraft with operating altitudes greater than
: 1 20,000 ft. For cargo and personnel transports, navigation

2 g k trainers and early warning aircraft the cabin altitude is

. 3 controllable by the flight crew. For other types it is to be ;
controlled automatically. Performance and design requirements - :
are summarized in Tables A2A and A2B respectively (pages 93 and 95).

j Test Objectives:

These are: .

UNRE T TPEN S SRV DI TV ST SRR TN PP
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l, to evaluate compliance with the general requirements
summarized in Tables A2A and A2B

2, to evaluate compliance with any additional, aircraft
peculiar, requirements

A = et 2 Bt o

3. to evaluate operational acceptability

Rey Paramsterss
i?f% 1., bleed air system configuration

%t;' 2. cabin pressure control configquration

b1 3. fligh~ conditions

143
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3 4., engine settings

5. compartment pressures

6. rate of change of pressure altitude

7. pressurization air flows

s

8. for pressure release tests, time to depressurize’

o8

9. leak vate (see Appendix D)

T T e e

v CQUIPHMENT PRESSURIZATION

The function of the equipment pressurization system is to
provide, automatically, the pressure environment called for by
the electronic and other equipment. Equipment pressurigation
requirements for the aircraft type under test are given in the
aircraft end item specifications and in the specifications of
individual items of equipment. Equipment using free convection
: air cooling will conform to general standards defined in
¢ MIL-E=-5400T. Equipment using other cooling techniques will
3 usually have its own requirements.

Test Objectives:

B R e L
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These are:

f 1. To evaluate compliance of the equipment pressutization
system with requirements

e e e e
e

2. To evaluate operational suitability

ol ke s e Lt Al S, sl 11 s

Key Parameters:

1, System configuration and operating mode

2. Flight conditions

3. TCngine settings

Y T

4, Pressures in equipment compartments

PRESSURIZATION OF RESERVOIRS AND INFLATABLE SEALS AND SUPPLY
OF PRCSSURE SUITS 7 !
: » ;

This as a miscellaneous group, put together for conven:lonce
in writing this llandbovk., It is probably best to report results

on these separately.

Inflatable seals are part of the ECS. In the case of
regervoirs and suits, however, the function of the ECS is only
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to supply sufficient air at the required pressure and écup.:aturo
to, for example, the fuel tank pressurization system.

", Ob )
Thesae are:

l. To evaluate compliance with requirements for reservoir
pressurization over all flight conditions (e.g. fast descent
at idle power)

2. To evaluate effectiveness of inflatable seals, including
effectiveness at maximum differential pressure and minimum
pressure source output

3. To evaluate compliance with requirements of the

; L § pressure, temperature, moisture and contamination
1 ; levels of the air supplied to anti g suits or pressure suits

i ; Key Parameters:
‘ 4 1. System configuration and operating mode

2. Plight conditions
3. Ingine settings

4. Mass flows, prassures, temperatures, moisture and
. : contamination of air supplied

5. Crew comments on suit operation
AIR CONDITIONING OF OCCUPIED COMPARTMENTS

The system which air oconditions occupied compartments is
usually quite complex and the requirements it is to meet are
demanding. Testing of the system may take up a substantial
proportion of the total ECS test effort. In general, testing
will address two areas

l. Temperature distribution - uniformity of air temperatures,
temperatures of flows and radiating panels.

2. Performance under stresing conditions -~ cool down after
hot soak, heating after cold soak, temperatures during extended
’ cruise of loiter. ‘

Test Objectives:

These are to evaluate overall operational suitability aa!
to determine whether the system oomglios with the performance
and design requirements summsarized in Tables ASA (page 100) and
ASR (page 102). The performance requirements include the following:

|
|
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1. Ventilation rates to be at least 20 ewhic foet per 7.
rminute (cfm) per man for all opesrating condieidns an?t a¥ =
least 1.2 times the maximum allowable production leakage rate
for all pressurized operations. Air velocitfss near seated
personnel not to exceed 300 tcot per minute (fpm).

2, Radiating surfaces not to exocsed 105 degrees I neax :
seated personnel during pressurized flight, amd 2740 degraes F
for all other locations and comditions.

3. Air supplied to the occupied compartments to be free
of antrained moisture.

4, Air supplied to the occupied compattments to be free
of excessive contamination.

S. The automatic temperature control to maintain the average
compartment air temperature to within +3 degrees F of selected
settings, Temperaturs variations betwaen any two points in a
scating envelope should not deviate more than +#5 dagrees F frxom
the average cabin temperature. Temperaturc di¥ferences outside
the envelope not allowed to vary more than +10 degrees F average
cabin tenmperature,

6. Floor temperatures to he mainta .ned above G0 degrees F
average, with no location less than 40 degrees I,

7. Average cabin temperatures to be maintained betwean 45
degrees F and 90 degrees F for unpressurized flight and

hetween 70 degrees F and 90 degrees F during flights with

an inoperative ACM, '

8. The cooling equipment to have sufficient capacity to
maintain average compartment temperature at 70 degrees F except
tha;iit may be 80 degrees ¥ for transients lasting less than .
30 nutas,

9. leating equipment to be capable of maintaining an
average compartment temperature of 80 degrees F,

10. The ECS is to be compatable with the service equipment
called for in Technical Ord.rs.

Key Paramsters: o

l, System contigutatian and operating mode

2. Flight conditions/ground conditions BEACAN
3. Engine settings

4. Temperatures in loltlnq~lnvclobos:~<
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S. Average temperaturvs in occupled compartments
6. Temperatures flows and of radiating surfaces
7. Compartment inlet temperatures and flows

8. Air v'loettioi at crew positions

9. Contamination and noise

. 10, Crew comments

EQUIPMENT CONDITIONING

- Equipment requirements cover a wide range and some items such :
as radar transmitters, impose high loads on the cooling system. i
Equipmsent cooled by free convection air ocooling is subject to a ;
standardized set of requirements (MIL-E-5400) but other items of
equipment have their own specifications for cooling. The require-
ments the equipment conditioning system is to meet should be found

o in the aircraft end item specifications and individual equipment

specifications, The final report must include a description of

the equipment conditioning system and its operating modes and an
overview of the requirements it is to meset.

Test Objectives: %

These ares

l. To evaluate compliance of the equipment conditioning system
with specifications in both flight and ground operations ;

2. To evaluate operational suitability, including any adverse
effect of any constraints imposed by equipment conditioning on 3
e .pment operation. ]

3. To evaluate compatability with support equipment called for
in Technical Orders.

Key Parameters: .
1. System configuration and operating wode '

TE T S
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2. Flight condiuona/qtound conditions

¢ e o L
o it 2 !
.
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e e

3. Fny. settings
4., Equipment heat loads . ‘
5. Welight flow, 'pnnuta. temperature, smoisture level and

contamination of air flow in and out of egquipment compartments,
heat exch: - rs etc. .
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6. Weight flow and temperatures in liquid cooling loops,
in to and out of hecat exchangers

7. VWater and potential funqus problems

8. Crew commants

T TR W oy

ANTI~ICING OF NON TRANSPARENT ARBAS

& Py

; If anti-icing is required on Air Force airplanes it is usually 3

L limited to areas such as ECS air scoops or radomes. Flight |
g evaluation of such protection would use one of the AFFTC tanker

. water spray systems, i
E Test Objectives: ;
E .

To avaluate the ability of the anti-ice system to waintain
satisfactory operation of the specilied components undier the
flight conditions defined in the aircraft requirements, for !
the meteorological conditions defined in Figure Al. (page 123)

Rey Faramaters: i
1. Flight conditions

TS s e

i 2. Ambient air temperature

3. Counponent performance parameters (including temperature of
anti-icing and/fluid, surface temperatures and electrical power

if applicable)

BT oy T Ty

o |
' 4, Position of test aircraft relative to tanker

i v e B LA
I <
P

S. Lijuid water content of spray

6. Photo records of ice huild up

7. Crew Comments

S D

ANTI=-ICING O TRANSPARENT AREAS

Anti-icing protection is required for the windshield,
bombardiers panel (if any) and other "mission essential" areas.
Flight evaluations of this protection will usually use the AFITC

Wwater spray tanker,

Tast objectivclz

These are to evaluate the ability c¢f the anti-ice system to
protect mission essential areas for all conditions of flight
for the meteoroligical conditions summariszed in Figure A2, (page 124),

S 0 bl ) A, oo i i s
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3 kqy Parameters:

1. Tlight conditions

2. Axbient air tamperature

i 3. nent performance paramsters (including temperatures of
‘ anti-icing air/fluid, surface temperatures and electrical power
: if appliceadble)

4. Position of test aircraft relative to tanker ]

S. Liquid water content of spray ;
~ 6. l'hoto records of ice build up on transparent areas
7. Crew comments
DEFROSTING AND DEFOGGING OF TRAMSFARENT AREAS

Dofroasting and defogging capability as required for wind-
: . shields, bombardiers panels and all other mission essential

g areas for all Zlight conditions and in taxiing. Areas to be

3 protected include those needed for taxiing.

Tast objectives:

These are to evaluate the ability o the defrost/defog
system to protact all mission essential .ransparent areas during
taxiing and under all flight conditions.

ch Parameters:

1. Flight conditions and flight profiles (e.g. f{ast
descent after cold soak)

2. Defog system operating configuration j

3. Defog air temperature and mass flow (if hot air used)

4., Curface temperatures

S. Moteorological conditions and temperature and humidity
in cockpit

4 6. Craw comments (including impact of systam on crew comfort)
7. Photo record of frost/fogq build wp
REMOVAL OF RAIN AND SNOW FRON TRANGPARENT AREAS

Pilot and copilot windows are to be protected against heavy
rain or snow, and sensor windows are to be protected for all )

Lttt 1 | e irhe
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conditions for which sensor operation iz required (Teble Al0, page

)+ Windshield protection against "axcessive rain" is to be
sufficient to enable a safe landing. Ieavy rain ias 0.39 inches
(1.5cm) per hour (1500 micrometar median droplet diamster) and
excessive rain is (1.6 inches psr hour, 2300 micrometer madian
droplet diameter). Flight teats will be made when guitable weather
is availgble, Simulations will be conducted using one of the AFFTC
apray tankers and possibly in the Climatic Laboratory.

Tast Objectives:

These are to evaluate the protection of transparent areas
against heavy rain, excessive rain and snow. Protection against
heavy rain or snow is to be provided for:

1. Taxi, take-off, landing approach and landing

2. *light at 1.6 times the stall speed at magimum weight
with gear and flaps up (fixed wing aircraft)

3, Flight at maximum cruise speed (rotary wing aircraft)

4. In flight refuelling concditions, if refuelling is reguired
below 20,000 feet

Protection against exceasive rain is to be sufficient to enahle
a gafe landing

Ley anann;g:sx

1. Flight conditions

2., Rainfall rate

3. Jet temperature and mass flow (if air jets used)
4. GSurface temperatures in impingement area

5. Crew comment on protection

6. If feasihle, ghotographic records of the clearance

PROTECTION AGAINST DUST, SALT AND INSECTS

Protection is required for pilots and copilots windshields
and for sensor windows on aircraft vhere mission requires low level
flight over the oceans or along the coast (salt) or over land
(dust and insacts). All vertical take off and landing aircraft
are to have protection for the pilot and ilots windshields
(Table All, page 1l19). Flight tests to evaluate the protection
will be conducted when weather/sea conditions are suvitable.
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Test Objccgg!;it

These are to avaluate the protection in relation to regquirements.

Parx ' 4 §1

1. Plight oconditions

2. VWeather conditions
SX1 S 3., Sea atate (for salt protection)

4. Area successfully protectasd

T T T g T A e g e e
T - T
——
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[ S S. Flight and maintenance crow comments

-

. OXYGEN SYST®MS

These will be evaluated during normal flight missions and ;
servicing. Requirements are summarized in Table il3. :

[ 'E Tost Objectives:
L

-

et i e ot

a These are: :
l( 1, To evaluate the oxygen system for proper functioning f
throughout the flight regime, in normal and cmergency modes j

i

- : 2. To evaluate servicing and maintecnance 3
3

f 3. To evaluate clarity and convenience of crew control

Kex Paramnaters: 3

1. Functioning in normal operation

2. Tunctioning during depressurization 5
3, Crew comments on contrals

4, Tase anc safety of servicing
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APPENDIX D
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MEASUREMENT OF LEAR RATES
OF OCCUPIED COMPARTMENTS

LS 2.
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The usual equation for the density of a "perfect" gas is:

p/ (RT)

density

pressure

aksolute temperature
‘gas constant"

Since the mass (M) of air in the compartment is equal to the product of
the density and the compartment volume (V) we may write:

N = Vp/(RT)

Aocoptinq’the usual engineering mix of units, as follows:

Where

WIPO O
issaop

M = lbs mass

V = cubic feet

P = pounds force per square inch
T = degrees Rankine

This equation Lecomes:

M= 2,70 VP/T
= 2,70 V(P. + AP)/T (Dl)
Where P. = ambient pressure

AP = cabin pressure differential

Differentiating this equation we have, since V, T and Pa are constants:

P
aM _ 2.70V d(‘a + AP
=200V ""EE"'L

= 2—';9! g—e(ap) (D2)

Note that the same time units must be used on both sides of this
equation.

To determine the initial leak rate, at nominal differential
pressure, the simplest procedure is to plot the differential pressure
against time on semi-log paper and determine the initial slope. 1If
semi-log paper is not available one may plot log (AP) against time
and then determine the initial slope of this cur%Q. To use this we

note that:
1°910 (d) = loqloo log, (4P)

and hence

g‘!{“"m (AP)] - (loqmo) g-;[log‘ (AP)]

= (log,je)fp S (4P)

i i i
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: That is: L . . e
a AP 4 ‘ )
(AP) = E.og (Ap)]
dat Iogloc AelT710
f Substituting in equation (D2) we nOW'ﬁébn:
1 : am 2.7ov§uq. ‘a , ;
3 : | @t HF 05, T3 [}oglo(AP)] (D3).> %
3 ) ’ : 3
Z | Where AP and the slope are evaluated at tise zero ;
e E Figure D1 shows data from AFFTC-TR-81-26 plotted in this manner, ]
3 % giving: , .
S V = 68
T = 518 }
. ’ and hence:
R aM _ _ 2.70 286 ,-é
;t { . It 5 X 65 x 0231 X 0.017 f
F 1l | = - 0.0381
% i This corresponds to 2.28 lbs/min f
| :
a
<
]
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Figure D1 Determination of Cabin Leak Rate
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