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3. GENERAL DISCUSSION:

Earlier versions of this document were primarily intended as a list of nomenclature to be used for
naming ECS components and subsystems. Later versions added terms used in ECS design and
analysis. In its expanded role, the document provides definitions of ECS terms helpful to personnel
new to ECS technology. The definition of terms provided herein is intended to provide a brief
understanding of the terms and their usage. The symbols used to illustrate terms are taken from
ARP780. For more in-depth description of cycles, components, thermodynamic processes, etc.,
AIR1168 should be consulted. Words with capital letters used in the definition are cross references to
other terms defined in the document.

4. LIST OF ENVIRONMENTAL CONTROL SYSTEM TERMS:

ADIABATIC: Adipbatic describes a process in which a state change is accomplished on or by a fluid
without heat trangfer to or from the surroundings.

AIR, BLEED: Airbled from the compressor of a gas turbine engine.
AIR, COMPARTNENT:

a. Airflowing info a compartment.
b. Airin a compgrtment proper - the condition of compartmentair is normally determined at a point
where the air|leaves the compartment. (The cabin is considered to be a comparfment.)

AIR, COOLING: |A stream of air used as a heat sink.

AIR, RECIRCULATED: Compartment air introduced into the distribution system by mechanical means
(fans, blowers, o ejectors).

AIR, STANDARD SEA LEVEL: Dry air at-288 K and 101.35 kPa absolute (59 °F and 14.7 psia).

AIR CYCLE MACGHINE: The basic component of an air cycle refrigeration system. The device
consists of an airlexpansion turbiné that is connected by a shaft to a compressor, a fan or both. The
power generated|in the expansion turbine is used to drive the compressor, the fan of both. The
extraction of power results-in.a reduction of the air enthalpy.

measured within fthejinhabited region of the aircraft.

ALTITUDE, EQU"VALENT OR CABIN: The standard altitude corresponding to the ambient pressure

ALTITUDE, PRESSURE: The altitude corresponding to a given pressure in the standard atmosphere.

ALTITUDE, STANDARD: The altitude corresponding to the temperature and pressure tabulated in an
accepted standard atmosphere table. (See ATMOSPHERE, STANDARD.)
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4. (Continued):

ANTICIPATOR: A sensing element in a control system designed to respond to a rate of change in

pressure or temperature and to provide a control signal to reset the pressure or tem

perature control

instrument to counteract the tendency of the control system to become unstable or to hunt.

ANTI-ICE: Prevention of ice formation on a surface. See also DEICE.

ANTI-FOG: Prevention of moisture formation on a surface, usually on a transparent
DEFOG.

AREA, POSITIVE PRESSURE: Any region in which the static pressure is greater th
static pressure of the undisturbed air stream.

area. See also

an that of the

AREA, NEGATIVE PRESSURE: Any region in which the static pressure is less thar
pressure of the undisturbed air stream.

ATMOSPHERE, STANDARD: A standard established by the National @céanic and
Administration, National Aeronautics and Space Administration and United States Ai
ICAO. The U.S. $tandard Atmosphere or International Standard Atmosphere is deriV
data over long pgriods of time in mid latitudes of the northern hemisphere. It is a hyp
distribution of atmospheric temperature, pressure and air density which, by national
taken to be representative of the atmosphere for the purpose of altimeter corrections
and performance] calculations. The U.S. Standard Atmosphere agrees with the ICAQ
Atmosphere up tp 65,000 ft altitude.

AUX VENT: An auxiliary ventilation device or system usually used for emergency ve
event of the failufe of the primary cooling and yentilation system. May be used for o
compartments or|equipment.

BOILER: A heat|exchanger, used as a.part of an air conditioning system, in which a
utilized to vaporize a liquid heat transfer medium. (See EVAPORATOR.)

that of the static

Atmospheric

I Force or the
ed by averaging
othetical vertical
agreement is

, aircraft design
Standard

ntilation in the
ccupied

source of heat is

BULB, THERMOESTATIC: Aliquid and vapor filled tube whose pressure changes with change in

temperature in a predetermined manner. The devise is used in a control system to
temperature relafed signal..

CABIN, NONPRESSURIZED: An airplane cabin which is not designed or equipped

rovide a

for pressurization.

CABIN, PRESSURIZED: An airplane cabin which is constructed, sealed, and equipped with an
auxiliary system to maintain a pressure within the cabin greater than that of the surrounding

atmosphere.


https://saenorm.com/api/?name=f269f4eb0912f26cc19e83fa9025397e

SAE INTERNATIONAL

ARP147™E

Page 4 of 32

4. (Continued):

CAPILLARY TUBE:

a. A small diameter tube connecting a sensor with a bellows or diaphragm in a control device.
b. A small diameter tube used as an expansion orifice in some vapor cycle systems.

CENTRIFUGAL SEPARATOR: A device which utilizes centrifugal force to separate materials of
differing densities, such as water droplets or impurities from air.

CHARGE, REFRIGERANT: The amount and type of refrigerant contained in a vapor cycle system.

CHARGE, OIL: The amount of refrigerant oil added to a vapor cycle system to lubricate the

compressor and
CHARGING: Th

CHILLER: A codg
cycle cooling sys|

CLOSED-LOOP
comparison of sy
automatically mo
parameter perfor

COEFFICIENT
refrigeration prod
in consistent unit

COMPRESSOR:
alsorises as are

COMPRESSOR,

rotating elements.

COMPRESSOR,

COMPRESSOR,

/alves.
b process of filling a vapor cycle system with the refrigerant and oll

ling system that uses a liquid to transport heat to the heat'sink. A ¢
tem for food, beverage, etc.

stem output parameter to a reference parameter. The error signal is
dify the system operation using appropriate actuators or effectors {c
mance to a desirable value or criteria.

F PERFORMANCE (COP): Pertaining to a refrigeration cycle, CO
uced to the power supplied, where refrigeration produced and pow

.\

D.

A device in which work‘is done on a fluid to raise its total pressure|
sult of the compression:

AXIAL: A compréssor which inducts and delivers a fluid axially by

CABIN:»A compressor that delivers air for cabin pressurization.

CENTRIFUGAL: A compressor that inducts a fluid axially, delivers

charge.

losed loop vapor

FEEDBACK/LOOP CONTROL: In an AUTOMATIC CONTROL system, the

5 used to
 drive the output

P is the ratio of
br are expressed

The temperature

one or more

t radially outward

relative to the rotating impeller.

COMPRESSOR, LYSHOLM TYPE: A positive displacement lobe-type compressor with internal

compression.

COMPRESSOR, POSITIVE DISPLACEMENT: A compressor that takes in a finite mass of fluid and

reduces its geom

etrical volume so increasing its pressure before exhausting it.
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4. (Continued):

COMPRESSOR, RECIPROCATING: A positive displacement piston-type compressor.

COMPRESSOR, ROOTS-TYPE: A positive displacement lobe-type compressor without internal

compression.

COMPRESSOR, SCREW: A positive displacement compressor that compresses with two linear
screws or with one linear screw and two satellite rotors.

COMPRESSOR, SCROLL: A rotary motion, positive displacement compressor that compresses with
two interfitting, spiral-shaped scroll members.

COMPRESSOR,
the mass of fluid
rotating surface.

CONDENSER: /
removing heat. |
compression. In
water separator

CONDITIONING,
physical and che
humidity, airflow,

CONDITIONING,
aircraft is on the

CONDUCTANCEH
combined influen
are usually expre

CONDUCTIVITY]
substance usuall

CONTROL, AUT
parameter or out

VANE: A posifive displacement compressor in which the inifial and
being processed is determined by static or rotary vanes slidingorn-4

\ heat exchanger in which the state of a fluid is changed from a vap
N a vapor cycle refrigeration system, it is used to condense the refri
ystem.

AIR: The simultaneous control of some of all of the factors affectin]
distribution, pressure, dust, ozone and bacteria.

PREFLIGHT AIR: The processof air conditioning aircraft compart
jround.

, AIR SPACE: The overall heat transfer coefficient of an air space \
ce of conduction, convection, and radiation for a specified air spacg
ssed in W/m?-K (Btu/h-ft?-°F).

THERMAL:=The property of a substance that permits heat to flow
y expressed in units of W/m-K (Btu/h-ft-°F). (1 W/m-K = 0.578 Btu/

DMATIC: A device or system of devices which autonomously regul
pUt-to a reference parameter. Used to automatically modify system

final volumes of
in eccentrically

or to a liquid by
gerant following

an air cycle refrigeration system, it is used to condense water in a high pressure

g both the

mical conditions of the atmosphere withif‘an enclosure such as temperature,

ment(s) while the

hich includes the
width. The units

through the
n-ft-°F)

ates some
pperation to drive

output performance 10 a desired value or criteria.

CONTROL, BAROMETRIC: A method of control that depends on the pressure of the atmosphere.

CONTROL, DIFFERENTIAL PRESSURE: A method of control that regulates the maximum pressure
differential between two points. When used for cabin pressure control, the differential pressure control
limits the maximum pressure differential between cabin pressure and atmospheric pressure and

maintains this differential at all altitudes above those of the isobaric control.
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4. (Continued):

CONTROL, ISOBARIC: A method of control which maintains essentially constant pressure. The

isobaric control in a cabin pressure control system maintains the cabin at a selected

pressure.

CONTROL, MANUAL.: A control device regulated by hand directly or through a mechanism or an

electrical interface.

CONTROL, MODULATING: A continuous automatic regulating type of control.

CONTROL, PRESSURE RATIO: A control that operates to maintain a specific pressure ratio between

two points in a system.

COOLANT: A flujd'used to absorb heatfrom a heat source.” A coolant may also be used to add heat to

the source when fequired.

COOL DOWN TIME (PULL-DOWN TIME): The time required after cooling system s

pull-down) the interior air of a heat-soaked aircraft to a required operating temperatu

COOLING EFFECT DETECTOR (SENSOR): A sensor that generates a signal prop

lost by the sensolff. When used in fluid stream its output relates to the cooling capacity
temperature) of the stream flowing across the detector.

COOLING CAPALCITY:

a. The heat trangfer rate from the coolant supply asimeasured by the difference bet

tart-up to cool (or
re.

prtional to heat
(velocity, density,

ween the total

enthalpy of the coolant entering the cooling.device or devices and the total entheillpy of the coolant

leaving the cqoling devices under steady-state conditions. This is the classic de
commercial ajr conditioning systems.

q= m(houtlet_hinlet)
For dry air this becomes:
q = me(Tou Iet_TinIet)

where:

g = cooling capacity-theattransferrate)

inition used for

m = mass flow of cooling supply

h = enthalpy

C, = specific heat capacity, constant pressure

T = dry air rated temperature

subscripts:

inlet = related to coolant entering cooling device
outlet = related to coolant leaving cooling device
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4. (Continued):

b. The maximum heat transfer rate achievable from the heat load to the coolant supply as measured
by the difference between the total enthalpy of the coolant entering the heat load and the total
enthalpy of the coolant leaving the heat load under steady-state conditions. Itis dependent on the
temperature to which the heat load is required to be cooled. This is the definition usually used in
the aerospace industry where the concern is how much heat can be removed by a cooling system.

q = m(hload_hsupply)

For dry air this becomes:

q = me(TIoad_Tsupply)

where:

subscripts:
load = related to
supply = related

COOLING LOAD, C/
COOLING LOAD, T¢

COOLING SYSTEM
source flows succes
the heat exchanger t
turbine. See also C(
THREE WHEEL BO

coolant leaving heat load
o coolant supply to heat load

ABIN: See HEAT LOAD, CABIN.
DTAL: See HEAT LOAD, TOTAL.

BOOTSTRAP: An air cycle refrigeration system in which air from
bively through a compressor, a heatiexchanger and a turbine. Heat
D a heat sink. The power necessary to drive the compressor is obtg
DOLING SYSTEM, FOUR WHEEL BOOTSTRAP and COOLING S])
DTSTRAP.

h pressure
is rejected in
ined from the
YSTEM,
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4. (Continued):

<
.

COOLING SYST|
adds a second tu
a high pressure W\
the main heat ex

exchanger, a watgr collector, the cold side of the reheater, the first stage of the turbin

the condenser, th
compressor as W
cooling air throug
condensation wh
system weight. |

PRESSURIZED ¢ L.
AIR SOURCE
Basic Bootstrap
<« /PR ZSECT ——RAM
{ HX [ HX_ ) ~TAR
ENGINE ]
F|lcC C ....{.i._. T { HEAT\|
: LOAD l

Typical Application of a Bootstrap

FIGURE 1

FM, FOUR WHEEL BOOTSTRAPR; ¢This system, also called a Con
rbine stage to the THREE WHEEL-BOOTSTRAP COOLING SYSTH
ater separator. Air from a pressure source flows successively throd
Changer, the hot side of a reheater heat exchanger, the hot side of g

e second stage of the turbine and finally to the heat load. The turbi
ell as the fan. The-fan which absorbs a percentage of the shaft poy
h the main heat'exchanger. This cycle allows the recovery of the h
ch improves overall cycle efficiency and, in turn, results in a signifiq
also allows-high pressure water separation at above freezing temg

densing Cycle,
M. It also utilizes
gh a compressor,
condensing heat
e, the cold side of
ne drives the

ver is used to pull
eat of

ant reduction in
eratures.
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4. (Continued):

Lﬁ-—ﬁ

_'{3_/_

&

|conD | ] N
HX >
L 1v
Basic Four Wheel Bootstrap Cooling System
C | F| ENGINE
~PRE,_ < SEC» ——¢  RAM
! HX ) ' HX ~~ AR
AN * FROM
v CABIN
REHEAT] %
m \
F H- C —(i— -ft 'BAY|CAB
/
COND | | [
HX 5
—— v

Typical Four Wheel Bootstrap Cooling System Application

FIGURE 2

COOLING SYSTEM, REDUCED AMBIENT: See COOLING SYSTEM, REVERSE BOOTSTRAP.

COOLING SYSTEM, REGENERATIVE: A refrigeration system in which cooling capacity that normally
would have been wasted is recovered in the cycle. This typically is accomplished with a regenerative
heat exchanger.(See HEAT EXCHANGER, REGENERATIVE.)
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RAM
—< AR

<___*P_R_I_,__ REGEN

{ HX
ENGINE
F|C Tfi rHEAT |
: LOAD

Typical Application of a Regenerative Cycle (Bootstrap)

FIGURF 3

4. (Continued):

COOLING SYTEM, REVERSE BOOTSTRAP: An air cycle refrigeration system in which ram air from
a ram air scoop ig expanded in a turbine to low pressure, causing the airtemperature|to drop. The cold
air is used as a heat sink in a heat exchanger, compressed by a compressor, and then exhausted

overboard. The cpmpressor absorbs the power produced by the turbine. Such a system requires high
ram air pressure and is typically used in high speed aircraft; however, if there is insufficient pressure, a
motor may be usgd to drive the system.

HEAT LOAD
I ’ I-{X \

o}

RAMAIR —> —=

FIGURE 4

COOLING SYSTEM,SHOESTRING: Air from a pressure source flows successively| through a heat
exchanger and alturhine or section of a turhine  The turbine work powers a compressor which draws
exhaust air from the conditioned compartment and compresses it. The air is then cooled in a heat
exchanger and flows through the turbine or a section of the turbine shared with the main bleed air. The
bleed air source makes up the difference between the air going into the heat load and the exhaust air
from the conditioned compartment.
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[ R ~SEC-,,
{ HX |\ . _HX
ENGINE |
F| T -ﬁ;— :
\1 Ve— |
LEAKAGEY -
FIGURE 5

4. (Continued):

COOLING SYSTEM, SIMPLE: An air cycle refrigeration system in which air from a pressure source
flows successively through a heat exchanger followed by a turbine in the supply air gtream. The heat
exchanger cooling air is provided by a fan or compressor which is driven by power from the cooling
turbine. Another Variation is with the compressor supplying an outside source with sgme of its air used
by an ejector to induce flow through the heat exchanger. (See EJECTOR.)
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o HEAT SINK
FLUID

PRESSURIZED f .......

AIR SOURCE |] | HE AT
ﬁ’ LOAD

Typical Application of a Simple Cooling'System

FIGURE.6
4. (Continued):

COOLING SYSTEM, THREE WHEEL BOOTSTRAP: This system combines both the Bootstrap
Cooling System gnd the Simple Cooling System. Air from a pressure source flows sliccessively
through a comprgssor, a heat exchanger, and a turbine. The turbine drives the comgressor as well as

a fan. The fan which absorbs a percentage of the shaft power is used to pull cooling|air through the
heat exchanger.
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s . _|.__HEAT SINK
- T FLUD

PRESSURIZED L g
AIR SOURCE | l Y

PRI, ~SEC, | ——RAM
! ~HX HX—— AR

I lI
ENGINE /] \

Typical Three Wheel Bootstrap Cooling Systeém Application

FIGURE 7
4. (Continued):
COOLING SYSTEM, THREE WHEEL RECIRCULATING (THREE WHEEL SHOEST

recirculating or shoestring cooling system which'utilizes a three wheel air cycle mack
wheel is a fan whlich consumes a fraction of.the shaft power and provides heat exch

RING): A
ine. The third
hnger cooling air.

COOLING TURBJINE: The air expansion turbine in an AIR CYCLE MACHINE. ltis the basic

component of anfair cycle cooling system. Sometimes this term is used synonymou
CYCLE MACHINE.

CYCLE, CLOSED LOOP: A<losed loop cycle is one where the working substance ig
or deducted from|and is.retdurned regularly to a particular state or condition at each p|
during steady op¢ration, Where leakage is inevitable, such as closed air cycle loopsg
aircraft compartments, the working substance will need to be constantly recharged tq

5ly with AIR

neither added to
oint in the cycle
that include
maintain the

system pressure.

CYCLE, OPEN LOOP: An open loop cycle is one where the working substance is continually added at

the beginning of the cycle and discharged at the end of the cycle.

DAMPER: A device for controlling air flow.
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4. (Continued):

DECIBEL: The decibel is a logarithmic scale unit of sound intensity measurement and is described as:
the sound intensity |4 is N decibels higher in "intensity level” than the reference sound intensity |, if
N = 10 logq I4/lo. The reference intensity level is usually taken as 1.0 x 10716 W/cm?.

DEFOG: Removal of moisture after it is condensed, usually on a transparent area. This term may, in
common usage, also include the prevention of moisture formation or be used to designate both
functions, but this is not technically correct. Prevention of moisture would be antifog. See also
ANTIFOG.

DEICE: Removal of ice after it has formed on a surface. See also ANTI-ICE.

DEMISTER: A tgrm with the same meaning as DEFOG that is used in Europe.
DEW POINT: See TEMPERATURE, DEW POINT.

DIFFUSER: A device for converting the velocity pressure of a fluid stream into pressure head, usually
accomplished by |efficiently reducing the velocity.

DISTRIBUTION $YSTEM: The combination of ducts, outlets, valves and orifices to distribute fluids to
satisfy cabin and|equipment cooling and heating demands.

DRAINAGE: Fluid collected in a cooling system which is drained overboard. In an afr-conditioning
system the term fefers to the water removed from the.water separator.

DRYER: A device used to remove water or wateryvapor from a refrigerant or other fluid.

ECONOMIZER: See FLASH SUBCOOLER
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4. (Continued):

EFFECTIVENESS, HEAT EXCHANGER:

a.

It is a measure of the performance of the heat exchanger. In the aircraft industry, the terms ‘hot
side effectiveness’ and ‘cold side effectiveness’ are used to define hot and cold side heat
exchanger performance when same fluids are used on both sides and there is no condensation.
They are defined as follows.

1. Hot Side
(Thi_Tho) .
€ = ——————— onlyifC, =C,,
(T —Tg) Y ™n
2. Cold Side
(Tco'_ Tci) .
e = only if C; = Cin
T T Y

Heat exchang

er effectiveness can also be described by heat transfer effectivene

defined as the actual heat transfer rate divided by the maximhum possible rate an

follows:
_ Ch(Thi_Tho) _ Cc(Tco_Tci)
Cmin(Thi _Tci) Cmin(Thi_Tci)
where:
T = temperatdre

C = heat capacity, ch

W = mass flo

c, = specific heat capacity;.constant pressure
Cnin = smallgr of Cy, and<C, magnitudes

subscripts:
¢ = cold flow
h = hot flow
| = inlet

5s, which is
1 is calculated as

o = outlet
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4. (Continued):

EFFICIENCY, ISENTROPIC:

a.
enthalpy drop

for a reversible adiabatic expansion.

adiabatic compression to the actual gas enthalpy rise.

Turbines: The ratio of the actual dry gas, usually air, enthalpy drop through a turbine to the

Compressors: The ratio of enthalpy rise of dry gas, usually air, in a compressor for a reversible

EJECTOR: A device that uses a high velocity fluid stream (called primary jet) to induce ambient fluid
(secondary) flow. The dynamic pressure of the mixed flow is converted to a total pressure in a diffuser.

An ejector design
An ejector design

Although sometin
aircraft ECS is to
Normally ECS he
may also use fue

inadequate, an ejector is used to “pump” outside ambient airflow'through the cooling

exchanger. Althg
high pressure ble
velocity airflow th
and through the |

ENTHALPY: Pro

h u+Pv

where:
h = enthalpy (usu

u = specific interr
P = pressure

v = specific volume

ed to optimize secondary/primary flow ratio is called an aspirator.
ed to optimize output/secondary fluid pressure is called a jetypump

nes used for flow mixing in pneumatic systems, the primary use of
supply cooling air for heat exchangers on the ground or-in low speeq
at exchangers use ram air in flight as a cooling air'source heat sink
or an intermediate heat transport fluid.) When“ram air is no longef

ugh there are a number of different ejector, designs, the simplest fo
ed source through nozzle(s) located downstream of a heat exchang
rough the nozzle(s) draws (pumps) ambient airflow from upstream
eat exchanger, where it is used as\the heat sink.

perty of substance in an energy term defined as follows:

ally expressed in J/kg or Btu/lb)
al energy

an ejector in

or vertical flight.
(Military aircraft

available or is

side of the heat

rm is to supply a

jer. The high

bf the nozzle(s)

If the fluid can be regarded as a perfect gas, its enthalpy can alternately be expressed as the product
of its constant pressure specific heat and its absolute temperature.

Enthalpy represents the value between two states. For computational convenience a reference state
is chosen in order that an enthalpy value can be assigned to any state and the difference from any
other state can easily be determined from tables or charts. The value at the reference state is
arbitrarily assigned to be zero. For example the enthalpy of saturated liquid water is assigned to be

zeroat0°C (32°

F).
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4. (Continued):

ENVIRONMENTAL CONTROL SYSTEM: A set of components that controls pressure, temperature,
humidity and contaminants to maintain crew comfort and equipment integrity within an aerospace

vehicle.

EVAPORATOR: A device in which a liquid changes phase from liquid to gas.

As pertains to a refrigeration system, that part of the system in which heat is transferred to the
refrigerant resulting in its change of phase from a liquid to a vapor. (See BOILER.)

As pertains to an air cycle system, that part of the system in which heat is transferred to the air stream
in order to raise its temperature above the dew point of the air stream before delivering it to cabin,

avionics or other
compressed air is

EXHAUST SYST]
discharge ducts,
outside.

EXPLOSIVE DE(
compartment. It
such as a door ol

FAN: Afanisad
provides large flo

FILTER, AIR: A device for removing and entrapping dust or other contaminants fron

FILTER, ODOR:
FIREPROOF:

a. With respect

capacity to withstand at-least as well as steel in dimensions appropriate for the p

they are used

users. This is to prevent the delivery of free moisture 1o those aregd
often the source for the heat.

EM (VENTILATING): As relates to compartment ventilation;that cg

vents and outlet grills utilized for the discharge of air from‘the comp

LOMPRESSION: The sudden loss of pressurization usually in an o
s normally caused by the loss of some part.ofithe pressure contain
access panel. The pressure rapidly decreases to that of the outsic

ompressor with a compression ratio below approximately 1.05. A f
W volume at relatively low pressures-differentials.

A device for removing odor from air.

o materials-and parts used to confine fire in a designated fire zone,

, the heat’produced when there is a severe fire of extended duratio

S. Hot incoming

mbination of air
artment to the

ccupied
ment structure,
e ambient.

an, therefore,

air.

means the
urpose for which
h in that zone.

With respect

o‘ether materials and parts, means the capacity to withstand the hea

t associated with

fire at least as well as steel in dimensions appropriate for the purpose for which they are used.
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4. (Continued):

FIRE RESISTANT:

a. With respect to sheet or structural members, fire resistant means the capacity to withstand the heat
associated with fire at least as well as aluminum alloy in dimensions appropriate for the purpose for
which they are used.

With respect to fluid-carrying lines, fluid system parts, wiring, air ducts, fittings, and powerplant

controls, fire resistant means the capacity to perform the intended functions under the heat and
other conditions likely to occur when there is a fire at the place concerned.

FLAMMABLE: With respect to a fluid or gas, flammable means susceptible to igniting readily or to

exploding.

FLAME RESISTA

NT: "Flame resistant" means not susceptible to combustion to'the

propagating a flame, beyond safe limits, after the ignition source is removed:.

FLASH RESISTA

FLASH SUBCOQ
compression, for
from the condens
evaporating press
5t015°C (10 to
efficiency from 10

FLOW SHARING:

airflow from each
aircraft with both

employed, one off
asymmetric thrus
which will reduce
the flow among a

FLOW, VOLUME]
expressed in unit

NT: "Flash resistant" means not susceptible to burningviolently wh

A heat exchanger which has evaporating on one side and subcoolin
er on the other side. By using the interstage pressure of the compr
ure in the flash subcooler the liquid fromithe condenser can usually
BO °F) below that from the condenseritself. This type device can in
to 20%. This device is also calledah economizer.

In multi-engine bleed air systéms, it is desirable to extract equal ¢
engine, such that they flow:share. For example, on a wing mounte
engines feeding a single-air cycle system, if flow sharing technique
the engines will supply-all or a majority of the system airflow. This
. Also, the engine dominating the flow will have a higher turbine in
the life of this engine. The term is also used to describe a control sy
| air sources:

TRIC: <Fhe volume rate of fluid flow at a specified temperature and
5 of. /s (ft3/min).

point of

en ignited.

LER: This is a term used in vapor cycle systems, with multiple stages of

g of the liquid
bssor as the

be subcooled by
hprove cycle

uantities of

d two engine

s are not

results in a slight
et temperature,
stem for dividing

pressure, usually

FLOW, MASS (W

EIGHT): The mass rate of fluid flow, usually expressed in units of kg/s (Ilbm/min).

Historically this was referred to as weight flow where English customary units were used.

GASPER AIR OUTLET (INDIVIDUAL): Also know as velocity outlet. This is a supplementary
(conditioned or unconditioned) air outlet, adjustable in flow quantity and direction, which is usually
provided at each passenger seat and crew station to create additional air motion as required by the

individual.
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4. (Continued):

HEAD PRESSURE CONTROL VALVE: A valve that regulates the high side head pressure in a
refrigeration or air conditioning system in order to assure a minimum pressure differential across the
expansion device, even at the lowest condenser cold side temperatures. This is accomplished
through the back flooding of the condenser with liquid refrigerant to reduce the condenser's

effectiveness.

HEAT EXCHANGER: An apparatus in which the heat is transferred from one medium to another

without mixing of

the media.

HEAT EXCHANGER, CABIN PRESSURIZING PRIMARY (AFTERCOOLER): A heat exchanger
designed to reduce the temperature of air discharged by a cabin air compressor.

HEAT EXCHANG
HEAT EXCHANG
it enters the air c

exchanger in a rg

HEAT EXCHANG

conditioning pacK.

bootstrap cooling
source before it €
exchanger, espeq
transport fluid.

HEAT EXCHANG
cooling (or heatin

cooling (or heatin
REGENERATIVE

HEAT EXCHANG
loop, to reheat ar
turbine.

HEAT EXCHANG
conditioning pacK

ER, CONDENSER: See CONDENSER

frigeration system.
ER, PRIMARY: The first heat exchanger in a multiple heat exchan

system a primary heat exchanger is often-used to cool the air from
nters the compressor. Ram air is usually'used as the cooling medi
ially in commercial aircraft. Military aircraft may also use fuel or an

ER, REGENERATIVE: A heat exchanger used to recover energy fi
g) potential was developed:in another part of the system. Ofteniiti
g) potential of a fluid that-would normally be wasted. (See COOLIN

)
ER, REHEATER? A heat exchanger, used in the high pressure wa
d evaporatetany moisture present in the cold airstream, prior to it €

ER,. SECONDARY: The second heat exchanger in a multiple heat
.Ima bootstrap cooling system, where a primary heat exchanger is

It is generally located downstream of the pack flow control and sk

ER, PRECOOLER: A heat exchanger which is used to caolenging bleed air before
bnditioning compartment or unit. 1t may serve the function’of a prim

ary heat

ger air

ut off valve. In a
the pressure

uUm in the heat
ntermediate heat

om a fluid whose
5 used to recover
IG SYSTEM,

er separation
ntering the

exchanger air
used upstream of

the compressor,

he secondary heat exchanger Is used to cool the air which passes

rom the

compressor to the cooling turbine. Ram air is usually used as the cooling medium in the heat
exchanger, especially in commercial aircraft. Military aircraft may use fuel or an intermediate heat

transport fluid.

HEAT LOAD: Quantity of heat generation in an aircraft compartment or quantity of heat transfer into
an aircraft compartment.
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4. (Continued):

HEAT LOAD, CABIN: The cabin heat load is the total of solar radiation through transparent areas;
convection between the interior surfaces (structure, etc.) and the aircrew/occupant heat rejection to the
air; infiltration heat load (when unpressurized) and the heat dissipation of equipment in the cabin.

HEAT LOAD, CONDUCTIVE: ltis the heat that enters the cabin from the outside through the structure

of the airplane.

HEAT LOAD, EQUIPMENT: Heat load associated with the heat generation of equipment within an
aircraft compartment, usually results from the conversion of electrical energy into heat. Heat rejected
by fluid lines (hydraulic, fuel, coolant) also form a part of the equipment heat load.

HEAT LOAD, INH
compartment at 3

HEAT LOAD, LA]
temperature. Usu

load does not comtribute to cabin heat load in a open system; i.e., no.cabin air recirc

cabin air is recirc
depends on the r.

HEAT LOAD, SE
Usually refers to

HEAT LOAD, SO
upon flight perso

HEAT LOAD, TO
aircraft including

HEAT SINK: Any

HEAT TRANSFE
transfer rate thro
transfer paths thr

HEAT TRANSFE
thin layer of fluid
(Btu/h-ft-°F).

ICTRATION: HeatToad associated with a fluid which infiltrates info
different temperature than that of the compartment.

[ENT: Heat load associated with the change of state of a substanc:
ally refers to evaporative moisture (perspiration) produced-by occup

Llated a fraction of the latent heat appears in the cabin heat load. T
htio of recirculated air/outside air mass flow ratiox

NSIBLE: Heat load associated with the change in temperature of a
he heat produced by occupants.

LAR: Heat load associated with solar radiation through transparent
nel and equipment and upon the cabin interior surfaces.

TAL: The total heat load. results from the sum of all individual heat
cabin, equipment and any’miscellaneous heat loads.

medium which is the ultimate receiver of energy being transferred
R COEFFICIENT, OVERALL: The single coefficient which describg
Igh the section under consideration. It is the combination of all the

bugh thesection and is usually expressed in units of W/m?-K (Btu/r

RCEOEFFICIENT, SURFACE OR FILM: The thermal convective co

an aircraft

b at a constant
ants. Latent heat
ilation. When
[he fraction

substance.
areas directly
oads on the
as heat.

s the heat

individual heat
ft2-°F).

nductance of the

Immediately adjacent to the surface, usually expressed In units of

V/m?2-K

HEATER, CABIN/COMPARTMENT: A device, usually employing combustion gases, compressed air,
or electrical energy, from which heat is transferred to the cabin/compartment air supply.
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4. (Continued):
HEATER, EXHAUST HOT AIR TYPE: An exhaust hot air type heater, as used for airplane heating, is
one that utilizes, by means of a heat exchanger, the heat of the exhaust gases from the engine for the
purpose of directly heating the air supplied to the airplane.

HEATER, INTERNAL COMBUSTION TYPE: An internal combustion type heater is one that utilizes
the heat produced by combustion of a fuel within the heater itself.

HEATER, MUFF TYPE: A heater designed to surround the duct or pipe carrying hot gases. Heat will
in this way, be transferred to air passed through the annular space between the hot pipe and the muff.

HEATER, RADIANT: A device which accomplishes heating by means of direct radiation.

HEATER, SHROUD: Synonymous with HEATER, MUFF TYPE.
HEATING CAPACITY:

a. The heat transfer rate from the heating supply fluid as measured by-the differenge between the
total enthalpy of the fluid entering the heating device or devices and the total enthalpy of the fluid
leaving the he¢ating devices under steady-state conditions. This'is the classic definition used for
commercial gir conditioning systems.

q = M(hoyye{— Nintet)

For dry air this becomes:

q = mcp(Tou let ™ Tinlet)
where:

g = heating capacity (heat transfer'rate)
m = mass floyv of heating fluid

h = enthalpy
cp = specific heat capacity; constant pressure
T = temperatiire

subscripts:
intlet = relatedl to'fluid entering heating device
outlet = related-te-fluidleaving-heating-device
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4. (Continued):

b. The maximum heat transfer rate achievable from the heating supply as measured by the difference

between the total enthalpy of the fluid entering the heat load and the total enthalpy of the fluid

leaving the heat load under steady-state conditions and where no phase change occurs in the fluid.
It is dependent on the temperature to which the heat load is required to be heated. This definition
is the definition usually used in the aerospace industry where the concern is how much heat can be
supplied to the heating load by the heating system.

q = m(hsuppl
For dry air thi
q = me(Tsu

where:

subscripts:

load = related

y hIoad)

s becomes:

ply — I Ioad)

to fluid leaving heating load

supply = related to fluid supply to heating load

HEATING LOAD,

convection and ¢
exterior surfaces
by crew/occupan
be confused with

HEATING LOAD,
the aircraft includ

CABIN: The heating load results from radiation loss through trans

heat rejection to the air and electronie equipment heat dissipation.
HEAT LOAD, CABIN.

TOTAL: The total heating load-results from the sum of all individua

should not be confused with HEAT LOAD, TOTAL.

HOT GAS BYPA

pressure side of @ refrigeration system usually for system capacity control.

HUMIDITY, RELA
which saturated V
percentage.

HUMIDITY, SPECIEHCHUMBITY-RATO):The mass-of watervaporinairexpres

TIVE: Thedatio of the partial pressure of water vapor in the air to th

o

bnduction heat loss from the cabin through the interior surfaces (str
to the external ambient air; and infiltration‘€ooling (when unpressur

ng cabin, equipment compartments and any miscellaneous heating

bS VALVE: A valye that allows high-pressure, hot refrigerant gas in

vater vapor exerts at the same dry bulb temperature. Usually expre

barent areas;

ucture, etc.) and
zed). ltis off set
This should not

heating loads on
loads. This

to the cooler low-

e partial pressure
ssed as a

=]

d in grams of

water vapor per kilogram of dry air (pounds or grains of water vapor per pound of dry air).

HUNTING: A term applied to the undesirable oscillation of a control system or device resulting in a
poor state of control.

INDUCTION SYSTEM (VENTILATING): That combination of scoops and ducts that introduces outside

air to the air distri

bution equipment of the airplane.
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4. (Continued):

INLET, AIR: Inlets through which air is supplied to the space to be conditioned.

INTENSIFIER TUBE: An intensifier tube, as commonly applied to heating, refers to a tube which
passes within the ducts or pipes carrying engine exhaust gases. Such a tube is designed to transfer
heat from the exhaust gas to the air flowing within the tube.

INTERCOOLER, CABIN PRESSURIZING: A heat exchanger designed to reduce the temperature
between two stages of air compression to enhance overall compression efficiency.

ISOTHERMAL REGION: A region of homogeneous temperature.

JET PUMP: See

LIQUID RECEIVH
for the storage of]
nor starving of th

LIQUID TRANSP
another location.
pump, and heat g

MANUAL CONTH

NBC: Abbreviati
biological and rag
the addition of sp

NOZZLE AREA,
geometric area a
ratio across the n

NOZZLE AREA,
measurements.

OUTLET, AIR: O

EJECTOR.

FR, VAPOR CYCLE: A vessel permanently connected to a vapor ¢
liquid refrigerant. It collects or delivers refrigerant as Required to a
b evaporator(s) under changing heat loads.

ORT SYSTEM: A system for extracting heat at onelocation and re
Such a system usually consists of a coolant, a‘eoolant reservoir, a
xchangers.

ROL: See CONTROL, MANUAL.
bn for “nuclear, biological, and chemical.” Sometimes referred to as
iological). NBC agents are harmful and potentially fatal airborne a
ecial filtering equipment to aircraft air conditioning systems.

FFFECTIVE: A resultanteffective nozzle throat area which is the p
nd a dimensionless.nezzle discharge coefficient that is dependent u

ozzle.

GEOMETRIC: The flow area in the throat of a nozzle determined b

penings through which air is removed from the space being conditi

ycle system used
ssure no flooding

jecting it at

recirculation

CBR (chemical,

jents that require

roduct of its
pon the pressure

y its physical

bned.

PHASE CHANGE:

The process of changing from one physical state to another physical state. In

ECS, phase change is usually in reference to materials selected that will change phase at a specific
operating point or range. Significant heat storage or rejection occurs at constant temperature when

most materials change phase. This provides a significant thermodynamic advantage over absorbing
or desorbing heat through the process of raising or lowering the temperature of a substance that does
not change phase. Phase change materials can be used a passive heat sink, such as in a dash mode
of a high performance aircraft or missile. In a thermodynamic cycle, such as a vapor cycle refrigeration
system, the phase change refers to a state change from liquid to vapor or vice versa of the working
refrigerant.
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4. (Continued):

PRESSURE, DYNAMIC: The pressure increase developed by the momentum of a fluid stream.

PRESSURE, PARTIAL: That portion of the static absolute pressure of a mixture of gases, attributable
to one gaseous component. It is the gas molar fraction times the mixture’s total pressure (Dalton’s law
of Partial Pressures).

PRESSURE, (DIFFERENTIAL) RAM AIR STATIC (INLET): The differential between the static
pressure within the inlet and the static pressure of the undisturbed air stream.

PRESSURE, (DIFFERENTIAL) RAM AIR TOTAL (INLET): The maximum differential between the total
pressure within the inlet and the static pressure of the undisturbed air stream (ambient atmosphere).

PRESSURE, ST/
to the fluid. Press
closely approxim

PRESSURE, TO]
sum of the static
compressible floy

PRESSURE DIF
fluid stream.

PRESSURE DIF
fluid stream.

PRESSURE DR(
pressure regulatg
constant refereng
causing the valvg
pressure regulatg
variation. This c4
reference, with in
resulting valve’s 1
is called pressurs
droop, but also p

ATIC: The pressure that would be measured by a probe havingzer
ure measurement taken by the probe normal to the directionrof mo
htes this pressure.

[AL: For incompressible fluids or as an approximation-for low Mact
bressure and the dynamic pressure at a given poifntyin a fluid strean
Y, the pressure a flowing fluid would have if decélerated isentropical

FERENTIAL, STATIC: The difference between the static pressures

FERENTIAL, TOTAL: The differencé’between the total pressures a

DOP: Pressure droop is used to describe the pressure regulation p

e pressure in an actiiator opening chamber that the downstream is
to modulate to pfoyide a desired constant pressure. However, the
r may have a,small pressure unbalanced poppet area that sees theg
uses a forcétunbalance in the reference regulator resulting in a slig
creasing nlet pressure, being supplied to the valve’s actuator openi
egulated.downstream pressure will then decrease slightly with the ir
dreop: Note that pressure regulators can be designed to have nof
pSitive droop, and with additional complexity, no droop.

b velocity relative
ion of the fluid

' numbers, the
h. For
y to zero velocity.

at two points in a

[ two points in a

brformance of

rs as the inlet pressure to’'them is varied. Generally, pressure regylators have a

compared with,
reference

inlet pressure
htly reduced
ng chamber. The
let pressure, and
only negative

PRESSURE DROP (LOSS), TOTAL NONRECOVERABLE: The loss of total pressure between two
points in a fluid stream. (Equal to the total pressure differential).
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4. (Continued):

PRESSURE RATIO: The ratio of the absolute pressures of a fluid entering and leaving a device. The
order of the pressures is customarily chosen so that the value of the pressure ratio is greater than one.
For turbines, inlet total to outlet static pressure is commonly used. For compressors, outlet total to inlet
total pressure is commonly used.

PRESSURE RECOVERY: The percentage of dynamic pressure that is converted to static pressure
and usable for downstream functions. It depends, among other factors, on air velocity at the scoop
entrance.

PRESSURIZING, CABIN: Increasing the pressure in a compartment above that of ambient pressure
and controlling the pressure in said compartment.

PROBE, DOWNS$TREAM FACING: Servo supply pressure sense ports for pneumaji‘c actuated
valves, either remotely located or within a valve flow housing, are often of the downstream facing
probe type. This[sense port type is like a total probe facing in the reverse direction, $o the pressure
sensed at the pott is slightly lower than the free stream static pressure. The advantgge of this type of
port is that particles of contamination in the flow stream have too mueh‘momentum tp allow them to
turn and enter th

never needs mai
time closed shou

PUMP, JET: See

QUENCH VALVH
that is designed t

downstream facing probe. In this manner, the probe is as effectiy
ntenance. However, valves that consume some'servo air and spen
d have their supply pressure sense port protected by a filter.

EJECTOR

: Arefrigeration system valve used:in conjunction with a HOT GAS
Db control the superheat into theccompressor suction line. This valvg

much like a Thermostatic Expansion Valve and_controls by metering the flow of liquig

used to limit the i

RECOVERY FAQ
recovered in ara

RECUPERATOR
engines where th
Typically a heat g

REFRIGERANT:

nlet temperature where asuction gas cooled motor is utilized.

TOR: The fraction of.the theoretical stagnant temperature or press
m air scoop or similar devise. Typically the factor is 50 to 85%.

Very similar-if not the same as a reheater, but the term is more ca
e exhaust-gas is used to preheat the inlet air stream to increase cy
xchanger type of hardware.

The medium of heat transfer in a refrigeration system which picks

e as a filter, and
d most of their

BYPASS VALVE
e functions very
refrigerant. Itis

ure that is

mmonly used for
cle efficiency.

Ip heat by

evaporating at a
temperature and

ow temperature and pressure and gives up heat by condensing at a higher

pressure.

REFRIGERATION CYCLE: The complete course of operation of a refrigerant back to a starting point,
evidenced by: a repeated series of thermodynamic processes, or flow through a series of apparatus, or
a repeated series of mechanical operations.
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