STARLIFTER TRAINING MANUAL <+ VOLUME IV

ENVIRONMENTAL

Customer Training Department  Locihevd = Georgia Company e Marietta, Georgia 30060




CONTENTS

Chapter 1. Fundamentals
Definition of a Gas :
Characteristics of the Atmosphere
Physical Properties of Gases (Air)
Measurement of Pressure
Measurement of Temperature
Density and its Effect on Pressure
Effect of Cooling on Relative Humidity
Compressor-Manifold Relationship
Flow Characteristics - Venturi Principle
Wheatstone Bridge
Definitions

Chapter 2. Bleed Air System
Sources of Air
Bleed Air Ducting
Bleed Air System Controls
Eleed Air System Components
Bleed Air System Operation

Chapter 3. Primary Heat Exchanger System
Components
System Cmeration

Chapter 4. Air Conditioning and Ventilating Systems
Air Conditioning
Temperature Control System
Floor Heat System
Ground Air Conditioning
Ram Air Ventilation System
Electrical and Electronics Equipment Cooiing
Systems

Chapter 5. Pressurization System
System Components
System Operation
Depressurization
Ground Pressurization

VOL. IV

Page

1-1
1-2
1-2
1-3
1-4
1-5
1-6

1-7
1-8

1-10

[ o T o I
T 8 1
[P . T - S = =
W= D

1

1 L

[
] ]
R WP

1

e s e
1

- il
1

1..
I a2 b

an Qb ke OE G

I
]

o i

{41}

1
3 et e
Lo Qs 5 B o

o Eh
1
{~]



|

[

IQMMIGNIGI;JMMNNN
= W0 0o =1 O U1 o 2

VOL. IV

ILLUSTRATIONS

Title

Applications of Pneumatics

Effect of Heat on Pressures

Effect of Compression on Pressure and
Temperature

Bourdon Tube Gage

Aneroid Gage

Comparison of Fahrenheit and Centigrade
Temperatures

Compression Ratio

Compressor-Manifold Relationship

Venturi Principle

Wheatstone Bridge

Ground High Pressure Connection

Engine Compressor

Engine Bleed Duct

Bleed Air Ducting

Clamping of Ducts

Manifold Sliding Support

Tvpical Elbow Compensator

Tie Red Expansion Joint

Duct Compensator

Duet Insulation

Bleed Air Svstem Flow Schematie

Environmental Systems Control Pane!l

APU Check Valve

Check Valve Location

Engine Bleed Air Check Valve Installation

Bleed Air Shutoff Valve Location

Bleed Air System Pressure Regulator Valve

Bleed Air 3ystem Pressure Relief Valve

Floor Heat Valve Control

Bleed Air Valve Control Schematic

Pressurc Rczulator Valve Control Schematic

Right Wing, Pylon,and Air Conditioning Compartment
Overheat Detection

Primary Heat Exchanger System
Ejector Shutoff Valve Control Schematic

1
{ %)

[
sfa G L3

[ ESCR i T O T o5 TR 1 TR O (%
] i i 1 ] I
o 0 1 | I Y

]
= I M =1 O

]

L B0 B ha S b 1

(] 1
[ it ST =
Lo o«

i
4
=1 i

1
s
¥}

B3 12 09 121
i

| 1
I b=
I o

t.l.ar..a
-



= S =¥ =y o3
=1 O 0 o= L3 D =

VOL. IV

ILLUSTRATIONS (Continued)

Title

Cabin Pressure Low Warning

Wing Leading Edge Section

Anti-Icing Piccolo Tube - Wing

Wing Leading Edge Anti-Icing Component Locations
Anti-Icing Control Panel

Anti-Icing Control Panel

Right Wing Leading Edge Anti-Icing

Wing Leading Edge Overheat Warning System

Rain Removal System Control Panel

Rain Removal System

Rain Removal Pressure Regulator and Shutoff Valve
Rain Removal System Control Schematic

Smoke Detection Test Control Panel

Smoke Detection System Schematic

Smoke Detector

5=-20

6-1
6-2
6-3
6-5
6-6
6-T7

e it o BRI e B |
N i
=1 &3 0 = LI B



N
@dﬁ volume IV chapter !

FUNDAMENTALS

In order to understand any subject, its purpose and basic principles must
be known. This volume deals with pneumatics and the systems of the
StarLifter which use pneumatic principles for doing work.

Pneumatics is that branch of science which deals with the physical
properties of gases. A pneumatic system has four major parts:

0 Acompressor

0 A reservoir for storing the compressed gas

¢ A distribution svstem to direct the compresscd gas io the
point of use

o A methed of uging the gas to do work

The zas most often uscd in the feld of preum

| and is easilyv obtained anc comnresse:l,
are shown in Flovss I=

]
COMPRESSOR =] RESERVOIR

FIGURE 1-1, APPLICATIONS OF PNEUMATICS
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DEFINITION OF A GAS

A gas is made up of small particles called molecules which are separated by
space, Each molecule has weight and is always in motion. The velocity of a
molecule is proportional to its temperature. A gas, like a liquid, is a fluid
, which is a substance that can be moved about easily and takes the shape of its
container. In addition to these properties, a gas tends to expand indefinitely.
This characteristic means that the molecules tend to spread out and completely
fill their container regardless of its size or shape.

CHARACTERISTICS OF THE ATMOSPHERE

The atmosphere is the mass of air surrounding the earth. It is composed of a
mixture of gases consisting of approximately 78 percent nitrogen and 21 percent
oxygen. The remaining 1 percent is made up of argon, neon, carbon dioxide,
and several other gases in small quantities.

The weight of the air exerts a force on the earth. This force, applied to the
surface area, is called atmospheric pressure and can be measured with an
instrument called a barometer. The barometer uses atmospheric pressure to
support a column of mercury. A pressure of 14. 7 pounds per square inch (psi),
for example, supports a column of mercury about 30 inches high. Thus, the
pressure of the atmosphere can be determined by measuring the height of the
mercury column, When the reading is given directly in inches of mercury, the
term generally used is "barometric pressure:"” The term "inches of mercur"
Is abhreviated In. Hg.

Since weather conditions constantly change, the National Aer 'm Tie
Administration has arbitrariley chosen certain apnossheric condition:
what is known as the NASA st hr*f’“'n: ¢ay. These conditions at sea level are, as
follows:

e

paee

ang
wl}
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i
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o Atmospheric P.essure 14.72 psi (22.52 inches of mercury)
¢ Temperature 153°C (35°F)
o Density (weight) 0. 0765 pound per cubic foot

‘Lhese reference values are often used in computing information on the engines,
air conditiomi.g system, and similar systems,

Due to the lesser pull of gravity at higher altitudes, the air is thinner and the
pressure is less. At an altitude of 18,000 feet the atmospheric pressure is 7. 34
psi, which is about one-half of the atmospheric pressure at sea level. At 36,000
feet, atmospheric pressure is 3.29 psi, or about one-half the pressure at 15, 00)
feet.
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Atmospheric pressure at other altitudes is shown below.

o Sea Level - 14.7 psi
10,000 feet - 10, 1 psi
20,000 feet - 6.75 psi
30,000 feet - 4. 35 psi
40,000 feet - 2.72 psi

(=]

o

o

=]

Under standard lapse rate conditions, the temperature of the air decreases
approximately 3. 5°F for every 1000-foot increase in altitude. This decrease
continues up to about 36,000 feet, where the temperature is nearly minus 70°F.
Above 36,000 feet, the temperature remains fairly constant up to 65,000 feet.
Above this altitude, the temperature increases.

PHYSICAL PROPERTIES OF GASES (AIR)

When a volume of air is confined in a container, the motion of the molecules
causes them to collide with each other and with the sides of the container, These
collisions can be measured in the form of pressure. Since the velocity of the
molecule is proportional to its temperature, an increase in temperature causes
the molecules to move faster. This greater speed causes the molecules to
collide with greater force, which results in a higher pressure indication as
illustrated in Figure 1-2.

%HEAT
FISIRE 1-2, I

EFFECT OF HEAT ON PRESSURE

At constant volume, the pressure increase is directly proportional to the amount
of heat added. I the air is allowed to expand freely as the heat is applied, there
is no change in pressure, and the volume increase is directly proportional to the
increase in temperature.

Another method of obtaining a higher pressure is to confine a quantity of air in
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a container and then reduce the volume of the container. This action packs the
molecules closer together and causes them te collide more often, As more
molecular collisions cccur, energy in the form of heat is produced. Thia heat
is called the heat of compression. Thus, when air is compressed, its pressure
and temperature increase in proportion to the decrease in volume as illustrated
in Figure 1-3.

FIGURE 1-3, EFFECT OF COMPRESSION ON PRESSURE
AND TEMPERATURE

If the heat of compression s dissipated as fast as it occurs so that the
compression takes place at constant temperature, the increase in pressure is
directly proportional to the decrease in volume.

These pressure-volume-temperature relationships are defined by the
characteristic gas equation:

2v

T

= R

where

P is total pressure
v is specific volume
T is total temperature

R is a constant,

MEASUREMENT OF PRESSURE

Three types of pressure gages commonly used on aircraft are the bourdon tube
type, the aneroid type, and the electrical type.

The bourdon tube is a hollow, oval-shaped tube with the inner cnd clesed, bent
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into the shape of a question mark. The closed end is connected to & pointer
mechanism as shown in simplified form in Figure 1-4. When pressure is applied
inside the tube, the tube expands and

uncurls. This movement is transfered

through a gear mechanism to the pointer. m
The aneroid-type gage consists of a
hollow metal chamber connected to a
pointer mechanism. The chamber can
be either a bellows type or a disk type.
The disk type is made of two dish-shaped
metal disks soldered together around the
edges. The bellows type is shown in a

simplified form in Figure 1-5. The
inside of the bellows is usually evacuated.

As the pressure arcund the outside of the FIGURE 1_,;_| ; EDURHUN
bellows increases or decreases, the TURE GAGE
bellows contracts or expands which moves

the pointer. This type of gage can be
used to indicate pressures both above and below that of the surrounding
atmosphere. A common use of the aneroid type instrument is the aircraft

altimeter, which senses atmospheric pressure and indicates corresponding feet
of altitude.

The electrical tvpe pressure indicator
consists of a synchro transmitter and 2
s'mchro receiver. Pressuvre causes the
iransmitier to send corresponsiing
cleetrical signals to the receiver. h1 the

recefver uait, these sivmnls causec 3
- - .a e
b & pointer to move and indicate nressurs
FIGURE 1=5. th..l"aD 0 GAGZ o

that is scnsed in the transmiter unit,
MEASUREMENT OF TEMPERATURE

Temperature is 2 measure of the presence of heat. It is usually measured by 2
thermometer in degrees Centigrade (°C) or degrees Fahrenhei: (°F), Each of
these scales is an arbitrary one and either can be used equally well to indicate
temperature. A comparison of the scales is shown in Figure 1-é. The relation-
ship between the two scales is shown in the [ollowing formulas:

F-32 4 C . F = 9/5C+32; C = 5/9(F-32);
180 100
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where

F is the temperature in °F, and
C is the temperature in °C.

In some aircraft, an electrical-type temperature indicator is used, Temperature
'is sensed by a special type of resistor called a thermistor. The thermistor is
part of an electrical circuit and is

connected by wires to a remote

indicator, Electrical signals : ©

cause the pointer on the indicator
to deflect in proportion to the
temperature sensed by the
thermistor.

DENSITY AND ITS EFFECT
ON PRESSURE

|
1
|
The density of air is its weight _ 40
per unit volume, such as pounds !
'—nl
|
I

per cubic foot. At sea level on a
standard day, a cubic foot of air 68 K £
weighs 0, 0765 pound. This weight
is the combined weight of the
individual molecules. The number
and force of molecular collisions ,
cause the air to have a pressure of -4 70—
14.7 psi. At higher altitudes
where the attraction of gravity is _
less, the molecules of air are ~40C -4
spaced farther apart. There are
fewer molecules per cubic foot, s0
the density is less, Due to the
lower density, molecular collisions
occur less often., Hence, the
pressure is less at these higher

| , FIGURE 1-6. CONPARISON
1titudes. A cubic foot of 14

g e shag ettt e W OF FAHRENHEIT AND CENTIGRADE
e [y e > TEMPERATURES

pressure of only 4. 35 psi.

Since air expands when subjected to heat, temperature affects density. When the
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temperature is high, the molecules spread farther apart. Therefore, the air
density is less on a hot day than on a cold day, and the pressure is lower.

The amount of moisture in the air (humidity) is another condition which affects
density. Water, in the same state, weighs less than air. Therefore, a cubic
foot of air with a higher humidity weighs less than a cubic foot of air with a
lower humidity. Hence, air with a higher humidity has a lower pressure than
air with a lower humidity,

EFFECT OF COOLING ON RELATIVE HUMIDITY

Relative humidity is the ratio of the amount of moisture actually contained in the
air compared with the amount of moisture the air is capable of holding at any
given temperature., Air at a high temperature is capable of holding more
moisture than air at a lower temperature. If the actual water content is not
changed, relative humidity increases as temperature decreases. If the temper-
ature decreases to the point where the air can no longer hold the moisture that
is in it, the moisture condenses and falls out. The temperature at which this
condensation occurs is called the dew point.

~ COMPRESSOR-MANIFOLD RELATIONSHIP

When a volume of air is compressed, the compression can continue only until
the rising pressure equals the compressing force. In practice. this condition is
not allowed to happen; if it did, the compressor would stop. At the end of the
compression cycle, air is delivered at a definite pressure dependent upon the
compression ratio of the compressor. This ratio is based cn the number of

times the air volume is Jecreased during compression as shown in Figure _-7.

X
|
|

8 e, ing I cu. in.

FIGURE 1-7, COMPRESSION RATIO
In a pneumatic system, compressed airis delivered to a reservoir or manifold,
where it is stored until ready for use. A means of bypassing the air is gencrally

provided to prevent compressor stall when the manifold pressure approaches the
pressure delivered by the compressor as shown in Figure 1-5.
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B0 PSI

relief —>bypass
valve
shutoff
o0 valve
i compressor Bl manifold \
100 PST  _ 80 PSI
[ 1

FIGURE 1-8, COMPRESSOR-MANIFOLD RELATIONSHIP

This bypass feature keeps a constant air load available to the manifold, which
means that air can be used from the manifold without lowering its pressure.
Of course, the amount of air used cannot exceed the amount available.

FLOW CHARACTERISTICS - VENTURI PRINCIPLE

Within a system, air always flows from the point of highest pressure to the
point of lowest pressure. When air flows through a duct, there is a definite
relationship between its velocity and its pressure. If the duct narrows, the
velocity increases and the pressure decreases. A duct which is shaped to make
use of this characteristic is called a venturi. In Figureé 1-9, the system flow is
from point A to point C.

At point B, the "throat" of

the venturi, veloeity in- high decreased high

ereases and pressure de- pressure pressure pressure

creases. System flow rate /h @ @
cerends on the pressure _{\.../
difference hetween point A 2y \i 8 C
— S ST
s

and point C. The {low rate,

i~ turn, determines wna:

—_—

Tow flow inzreased low flow

the pressure-drop will be velocity velocity velocity
at the throat. With a high

CIGHRE 1< A DTN |
rate of flow the nressure FIGURE 1 ?, \!EMTURI P..,.lEIPa.E

drop is gregter than with
a low rate of flow, With no flow, of course. the pressure is the same throughout
the duct,

A jet pump (ejector) is a device which makes practical application of the
pressure drop in a venturi. If a tube is attached to the throat of the venturi, a
suction is created in the tube due to the low throat pressure, and the unit can be
used to transfer fluids from an external source. This principle is used in the
commeon paint spray gun.

A venturi which makes use of the velocity increase is an excellent flow limiter.
When air under pressurc is applied to the venturi, the air flows through the unit
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at a given rate dependent on the pressure. If the inlet pressure is increased,
the flow rate increases., This increase can continue until the design critical
pressure is reached, and the flow at the throat of the venturi reaches sonic
velocity. At this time, a shock wave is produced which creates a high back-

pressure, and the inlet pressure can be further increased with no further
increase in flow.

WHEATSTONE BRIDGE

The wheatstone bridge is a basic but very important electrical circuit which is
‘often used in aircraft systems such as temperature monitoring, temperature
control, and overheat detection. It is a series-parallel voltage divider circuit
consisting of four resistors as shown in Figure 1-10. I R; equals Rp and R3
equals Ry, then the current flow from B+ to ground

is the same through R; and Rj as it is through Rp B+

and R4 and the potential (voltage) at point "A" is .
the same as the potential at point "B." Since these
points are of equal potential, there is no current
flow between them: the pointer therefore indicates
zero and the bridge is said to be balanced. If the
resfstance value of one of the resistors changes,
however, the bridge becomes unbalanced, and this R3
condition is indicated on the meter, e, g, if the

resistance of Ry increases, the potential at point B -
increases. Current flows through the meter from FIGURE 1-10,
point B to peint A, and the pointer deflects RO,
accordingly. If the resistance of Ry decreases, the WHEATSTONE BRIDGE
potential at point B also decreases. Current flows

through the meter {rom A to B and the puinter deflects in the opposite direction.

(D—>3
\;/r:g;

This circuit is the samo one used in the clectrical-type temperature {ndicator
discussed previously. where Ry is the remotely located thermistor.

If the coil of a relay is connected across the bridge in place of an indicator, the
current flow resulting from an unbalance condition is used to energize the relav.
The relay can then be used to produce some further action such as drivinga
valve. A control winding of a magnetic amplifier (a special application of a
transformer) can also be connected across the bridge. This type circuit is
commonly used in temperature control systems.
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DEFINITIONS

Certain terms used in this manual are defined as follows:
Absolute Pressure - Total pressure measured from a value of zero pressure
- (complete vacuum), designated as psia. It equals atmospheric pressure plus
gage pressure.
Absolute Temperature - Total temperature measured from zero degrees at the
theoretical point where no molecular activity exists. Taken in practice to be
-273°C (-460°F), and designated as degrees Kelvin or degrees Rankine.
Conversion to Centigrade and Fahrenheit is as follows:

R = °F + 460 ; ‘K =T + 273.

Air - A combination of gases consisting of approximately 21 percent oxygen, 75
percent nitrogen, and 1 percent other gases,

Air Conditioning - Controlling the temperature and humidity of air.

Ambient Air Pressure, Temperature - The pressure and temperature of the
air immediately surrounding a given object.

Atmosphere - The mass of air surrounding the earth.

Compression - Reducing o given amount (weight) of a substance to 1 smaller
volume. Packing more of a substance into a given volume.

compression cycle,

Density - Weight per unit volume, such as pounds per cubic foot.

Depressurize (Such as an Aircraft Cabin) - To reduce the insic's nressure 1o

that of ambient pressure.

Differential Pressure - Difference between two opposing pressures, designated
as psid.

Gage Pressure - Measure of pressure (inside an enclosure) by a gage,
designated as psig.

Humidity - The amount of water or moisture in the air. (Sec Relative Humidity, )

Isobaric - Designation given to a constant pressure level.
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Jet Pump (Ejector) - A device which uses the venturi principle to create a
negative pressure or "suction,"

Negative Pressurc - Term applied to a pressure (inside a container) that is less
than the ambient pressure. (A vacuum or partial vacuum, )

Pneumatics - The branch of science that deals with the physical properties of
gases, particularly air.

Pressure - The force applied on a unit area, usually designated as pounds per
square inch (psi).

Pressurize (Such as an Aircraft Cabin) - To bring the inside pressure to a

higher value than the ambient pressure.

Pressure Ratio - The ratio of the output pressure of a compressor to the input
pressure. The number of times the pressure is increased.

Helative Humiditv - The amount of water or moisture in the air compared to the
amount the air is capable of holding at anyv given tanpera:ure (Alwayvs expressed
as a percentage. )

Specific Volume - Cubic magnitude per unit weight, such as cubic feet per pound.

NASA Standard Dav Conditions for Air at Sea Level =

o Pressure 14.73 psia (29.92 in. Hg)
o Temperature 15°C (59°F)
o Density 0. 0765 pounds per cubic fac:

Temperature - Measure of the presence of heat, usually indicated by o
thermometer in degrees Centigrade (°C) or degrees Fahrenheit (°F).

Thermistor - A special type of cesistor whose resistance varies proportionaliy
with temperature change. Said to have 2 positive coefficien: i resisicnce varies

directly with temperature and a negative coefficient if resistance varies
inversely with the temperature,

Volume - The cubic magnitude of a substance or an enclosure (length times
width times height), designated as cubic inches, cubic feet, ete.

Weight Flow - Weight (of air) flowing by a given poeint in a given period of time
such as pounds per minute (ppm).

VOL. IV 1-11



TUDY QUESTIONS

1. Pneumagtica ia the branch of science that deacls with

-

il

2,. Air consists of %

G , and %

3. Aneroid type instrumenta are operated by
pressure.

4. At egea level on the NASA standard day, atmospheric
temperaiure and pregsure are in. Rg and
- °F)

9. When air flows through a narrow portion of « duct,

veloeity and preassure .
6. When a quantity of air ig compressed, volume B
presgsure , and temperature -

7. If an enclosed container of zir 15 subject
temperature, pressgure y Temperatu
and volume

3. Cormpute the output gage vressure 27 z ccrmrpressor uvith =z
18 o I preggure Patio L5 fre {Hdput pregpure ig SEnzis,
Ans. psig.

Se. =3 @ valume af gir ig compresgei fo I raig, wrnt 15 the
Ziffereniizl pregzure on iné wells o7 ke containes?
‘Aegnme zimogsheric presgure g 15 paizl Ans oEE

10 IR LRy giyn i o 2antsZinen i donTreases D €3 pain. vias
L8 the cifferensiz. pres3ure on the WeLis ¢ the
container? (Assume ambient pressure ig 15 nsic/

Ans. T8%.

sis What is the fota. force on.c one oot Ejuare surizce
under a preéessure of 142 pai? Ans 2ounds.

12, What 18 the total net forrve ceting on a I=Foot by §- ooz
area under a pressure of 5 psid? dns. SEuUMas.,

- -

= W o

If the pressure inegide a E;FGJE::_

8 pati ntgher tnan the ambient prespure, whc: i 13z nes
force ezerted agairnst each square inch of the container’s
inaide surface? Ans. pouﬂds.

14. A closed, rigid container is Ffitted with a preassure gace
and prsaaur:zﬂd to 20 psig at sea ievel. IF the

1_12 : "’DL, W



15.
16.

17.
18.

14,

20.

21,

aa.

23,

id.

container is elevated to an altitude of 40,000 feet, what
pressure will th- gage indicate? (Assume NASA standard
day conditions wnd neglect temperature change.) Ans.

pet.
A pressure of 10 in. Hg equals pet.
A tempercture of 779F equals ac.
A temperature of 60°F equals R,
Relative humidity increacses as temperatiurs .

When air temperature drops below the dew point,
occurs. - ‘

Two compressors deliver compressed agir to a manifold

Each compressor will deliver 200 ppm at 120 psig. What
i8 the total amount and pressure of air avatladle [rom
the manifoid? 4ns. ppm at petg.

Consider the wheatstone bridge in Figure 1-10. I the

JMeter indicates the direction of current flow, which way

will the pointer deflect if the resistance of Rz is greater
than Rg4? Ans. To the .

which way will the pointer deflect if R; is less than As?
Ans. = :

In the diagram below, what te the pressure ratic ¢’ the
compresscr? [(Assume cimospheric pressure is 1§ psic.)
Arns. to 1 .
bafore after
compression sompression

9 -

i

)
a
i
L% ]
W
—

13 cu: in. Z cu in.

What is the compression ratio of the above compressor?
Aneg. to 1 .
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25. What i8 the compressed air temperature if the air
temperature before compresaion is 60°F? Ane er
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BLEED AIR SYSTEM

The bleed air system is a system of ducts and valves which supplies,
controls, and distributes air for use in the environmental and adverse
weather systems. These air-using systems include the following:

o Air Conditioning

o Pressurization

o Wing Leading Edge Anti-Icing

o Windshield Rain Removal

a*

Relays are used extensively in the control circuits for these systems. The
relays are mounted on a relay panel located under the flight station floor

on the right side. Access to the panel is through a snap-on type curtain
at the forward end of the toilet compartment.

SOURCES OF AIR

The compressed air used in the StarLifter pneumatic systems can be
obtained {rom three sources: the engines, the Auxiliary Power Lnit (APL),
or a mohile ground compressor,

APU

The APU is located in the forward end of the left main landing gear pod and
supplies air and electrical power necessary for starting the engines or for
operating the alir conditioning systems while the aircraft is on the ground.
It is a gas turbine engine with a two-stage centrifugal compressor and is

capable of delivering 133 ppm of air at 40 psig and 211°C (412°F) based on
NASA standard day conditions at sea level.

The APU starter is a hydraulic motor, using pressure from No. 3 hydraulic
system accumulators. Fuel is supplied by gravity feed from the No. 2
main tank, and the battery supplies necessary electrical power. Controls
for operating the APU are located on the flight engineer's console.

VOL. IV ==1



Ground Compressor

A mobile ground compressor may also be used to supply air for operation and
checkout of the pneumatic systems. The unit can be attached to the ground high
pressure connection provided in the forward end of the left main landing gear
pod as shown in Figure 2-1, When such a unit is used, a ground power cart
must also be used to supply necessary electrical power to the systems.

FIGURE 2-1. GROUND HIGH PRESSURE CONNECTION

Engines

The four engines of the aircraft are the normal source for obtaining compressed
air for the pneumatic systems. Each engine has a 16-stage compressor with a
16 to 1 pressure ratio as shown in Figure 2-2, Compressed air is blad from the
inner diameter of the last stage. Venturies in the bleed struts limit the bleed to
a maximum of 4. 6 percent of the air available.

At sea level on a NASA standard day with the engines running at takeoff power,
each engine can deliver 200 ppm of bleed air at 220 psig and 421°C (790°F). When

2-2 ) VOL. IV



—d
E{pressura ratio equals 16 to 1)
e 14.7 M'_I 233
PSIA PSIA

FIGURE 2-2, ENGINE COMPRESSOR

manifolded, the combined outputs of compressed air from all four engines can
supply the needs of all the pneumatically operated equipment. Air can be used
from the engines when the aircraft is flying or on the ground. However, it is
important to note that if the engines are running at less than takeoff power, the
pressure, temperature, and amount of bleed air are decreased proportionaily.
At ground idle power, for example, the delivered bleed air is about 40 ppm at
15 psig and 88°C (190°F).

BLEED AIR DUCTING

.

Duct Routing

Sixteenth-stage bleed air is collected in the engine bleed manifold. This maniiold
straddles the engine and attaches to the diffuser

case in four places, two on each side 13 shown in
Figure 2-3.

b —
T2\
The air is then ducted up through the pvlen o the //\@ \

main manifold in the wing leading edge. The wing

bleed air manifold extends from outhonrs of the = —
No. 1 engine to outboar” of the No. + cuuine as M J
shown in Figure 2-4, \_L..j

The APU bleed air supply duct and the zround highe e ,
pressure connection tee together in the APU SOCLnD cetle e
compartment. A [loor heat supply duct ulso tees

into these ducts in this area. The duct |s then routed up through the {uselace
and forward, where it tees into the bleed air maniiold in the ceater wing section
at BL54 left. Between the inboard pylon and the center section on each side, a
duct tees off the manifold to supply air to the air conditioning and windshield
rain removal systems. Distribution of air from the manifold to the various

systems is controlled by a number of valves. These valves are discussed
individually.
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FIGURE 2-4, BLEED AIR DUCTING

=

Construction and Installation

The bleed air ducting is made of stainless steel sections, The pvlen ducts,
bleed air manifold, and APU supply duct are four inches in diameter. Outbeard
of the No. I and Neo. 1 pvlons, the manifolé reduces in diameter as it continues
out to supply the outer wing leading edge anti-icing system. The duct seciions
have compressible fanges welded onto the ends and are held tozethar with
V-baand clamps. When the ¢lamps are properiy installed and tightened, the
flanges are compressed together, which forms an air-tight seal as illustrated
in Figure 2-3.

zlama—

compressible flange <compressible flange
before clamping clamped

FIGURE 2-5, CLAMPING OF DUCTS
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Since metal expands when subjected to heat and contracts when allowed to coel,
the bleed air ducting is attached to the aircraft structure with slip-joint supports.
This type of support, shown in Figure 2-6, holds the ducting in place, vet allows
it to expand and contract with termal loads. These supports are made in two
parts and are easily taken apart to facilitate removal of a duct section.

FIGURE 2-56, MANIFOLD SLIDING SUPPORT

The bleed air manifold is rigicly atrached to the front wing spar at the tee
connections where the fouy pvlon dugis join with the munifzid, This ls dona 29
prevent any side movement ol the pylon ducts due 1o manifold expansion and
contraction. The APU supply duct is rigidly attached to the structure where it
passes through the {uselage at both the top and bottom.

Expansion Compensators

Special expansion joints are installed in the
ducting to compensate {or thermal loads.

These joints are located in strategic places, —
such as between rizid supports. They allow ,
<

the ducting to expand and contract without
placing undue stress on the supporting
structure, Flexible elbows such as the one
shown in Figure 2-7 are used to retain FIGURE 2-7, TYPICAL

flexibility where the ducting must be ELROW COMPENSATOR

voL. v 2.5



bent. Two types of expansion joints are used in
straight ducting. The tie rod type joint shown in
Figure 2-8 allows two duct sections to expand
toward each other, compressing the bellows of
the joint. The expansion absorbing unit shown
in Figure 2-9 is called a duct compensator. It
provides a slip-joint to allow for duct growth,
while a bellows arrangement absorbs the
movement of the slip-joint. Air pressure

. distribution within the bellows assembly keeps
FIGURE 2-8, TIE ROD the bellows contracted so that the compensator

is actually pulling the duct secticns together.
EXPANSIDN JOINT This action prevents the ducts from buckling
when they expand.

FIGURE 2-8, DUCT COMPENSATOR

Since the air fowing through the bleed air ducts is very hot, it is necessary to
insulate the ducts so that the heat will not be transmitted through the duct walls
to cause possible damage to surrounding equipment, wiring, and sealing. The
insulation also prevents combustible fluids from coming in contact with the
duct walls.

After fabrication and prior to installation, the ducts are insulated with spun
quartz encased in a hard epoxy-impregnated fiberglas cover, either in sheet or
tape form as shown in Figure 2-10. This insulation, considered a permanent
part of the duct, is moisture-proof and very durable. It can be patched easily
in the event of damage.

Since the insulation does not expand at the same rate as the ducts, a silicone-

rubber bellows is provided in the insulation on long duct sections to prevent the
insulation from being cracked or torn loose by the duct oxpansion,
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_~clamp insulator

insulator side view of
clamp insulator

clamp
v :

FIGURE 2-10. DUCT INSULATION

After installation, the valves in the bleed nir system are insulated with
fiberglas covered with stainless steel foil. These insulating covers are made
in sections to {it the valves. Theyv contain evelets and ore held together with
wire lacing.

Wing leading edge sections, joined to the front spar with Philllps head screws,
must be removed to zain access to the bleed air manifold. In the center sestion,
three panels cover the manifold. Thev are also fastened with Phillips head
SCrews.

BLEED AIR SYSTEM CONTROLS

Distribution of bleed air is controlled by the operation of several valves.
Controls for these valves are located on the Environmental Centrol Panel at

the flight engineer's station. The panel also contains controls and indicators
for air conditioning, temperature control, and pressurization. These items
are discussed in following chapters. Figure 2-11 shows a flow schematic of the
bleed air system. The system is displayed schematically on the Environmental
Control Panel as shown in Figure 2-12,
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BLEED AIR SYSTEM COMPONENTS

The various valves in the bleed air system serve as a means of controlling

airflow. Each valve has a specific purpose, and different methods are used
to control different valves,

Check Valves

The APU and ground high-pressure
supply ducts each coatain a dual,
flapper-type check valve such as the
one shown in Figure 2-13. The check
valves permit air to flow from the
APU and the ground high-pressure
connection to the bleed air manifold,
but prevent flow in the opposite
direction. Reverse flow would result
in an air loss from the manifold
through the APU or ground high-
pressure connection when the APU
and ground compressor are not

being used. The twovalvesare  FIGURE 2-13, APU CHECK VALVE

identical,

There is also a dual flapper check valve installed in each side of the enzine
bleed manifold to prevent reverse flow through the compressor of a shutdown
engine as shown in Figure 2-14, These valves are of 2 {lat plate design and
fit between the duct sections as shown in Figure 2-15. All eight valves are
identical. They are easily accessible when the engine ait cowl doors are open.

check
check
jﬂ
FIGURE 2-14, FIGURE 2-15, ENGINE BLEED
CHECK VALVE AIR CHECK VALVE INSTALLATEIOM

LOCATION
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Engine Bleed Air Shutoff Valve

A bleed air shutoff valve is located in each pylon bleed air duct. When closed,
the valve isolates the engine, which prevents airflow either to the engine from
the manifold or to the manifold from the engine. The bleed air shutoff valves
are of the motor-driven butterfly type. They are normally controlled by
individual switches on the Environmental Control Panel, and the normal flight
position is "OPEN." An automatic override feature is incorporated in the
wiring to close individual valves if an engine's FIRE EMERGENCY handle is
pulled to the emergency position. Certain other operating conditions also

cause the valves to be overridden closed. These conditions are discussed
later in this chapter.

A CLOSED indicator light for each valve is provided on the control panel. These
lizhts are controlled by microswitches in the valves and are actuated when the
valves are closed. Access to the valves is through small panels, one on each
side of the pylon. The two panels are directly opposite each other and are
located slightly above the valve as illustrated in Figure 2-16.

access panel

blezed air
Shutaftf walve—_s

Py .
.z""/. r”r/:r.:'___..-r/
Fa /
F—-u_ _.
- - 1 DICET ATD mITArT™ VPAT Y A AT A
FIGURE 2-1b, BLEED AlR SHUTOFF VALVE '0OCATION

Wing Isclation Valve

A wing isolation valve is located in the bleed air manifold at BL36 left in the
center wing section. The valve separates the left side of the manifold from the
rizht side and is normaliy closed, If the valve is opened, the entire manifold
can be pressurized [rom the APU, ground compressor, or any one engine. It
is a motor-driven butterfly type shutoff valve very similar to the bleed air
shutoff valves. The valve is normally controlled by the WING ISOLATION
switch which is labeled "OPEN" and "NORMAL" (closed). Certain operating
conditions, discussed later in this chapter, cause the valve to be overridden to
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the open position. Access to the valve is through the center wing section left-
hand manifold access panel.

Floor Heat Shutoff Valve and Floor Heat Regulator Valve

Although these valves are in the floor heat system and are normally controlled
by the FLOOR HEAT switch, they are discussed briefly in this section since
they function as bleed air centrol valves during certain ground operations.
During these ground operations, there are override conditions which control
these valves in order to control the distribution of bleed air.

The floor heat shutoff valve is located in the APU and ground high-pressure
supply duct where the duct joins the bleed air manifold in the center wing
section. It is a motor-driven butterfly type shutoff valve identical to the wing
isolation valve, and must be opened to allow the APU or ground campressor to
pressurize the bleed air manifold.

The floor heat regulator valve is a solenoid-controlled, air-actuated,
modulating butterfly valve with a shutoff feature, It is located in the APU
compartment in the floor heat supply duct. When the APU or ground
compressor is being used to supply alr for engine starting, the regulator valve
is closed to prevent a loss of air under the floor. This action ensures an
adequate supply of air to start the engine.

Bleed Air Pregsure Remulator aned Shutoi Valve

A bleed air sysiem pressure regulator valve is located in each air conditioning
and rain removal systems supply duct in the inboard wing leading edge sections.
When the valve (3 open. it supplies these systems with a regulated hleed air

I3 e

pressure of appronimntaic T oste, Itis a selenoid-controlled, air-actuates,
moduiating putterfly valve with a shutoff feature, The valves are normaily
controlled by the individual SYSTEM SHUTOFF switches. Thev are energized
open and are norimally open in flight, There are certain override features
iacarporated into the control circulte of these valves, These circuits are
tiscussed later in this chapier. The vaives may be reached through access
panels provided in the botiom of the leading edze sections. A schematic
cutaway diagram of the valve is shown in Figure 2-17.

Bleed Air Pressure Relief Valve

A bleed air system pressurc relief valve is located immediately downstream of
each regulator valve. In the event of a failure of the regulator valve to the open
position, the relicf valve regulates the system pressure at approximately 110
psig. It does this by dumping excess air overboard through a port on the under-
side of the wing leading cdge scction. The valves are automatically pressure-
actuated. However, thev mav be tested by use of the SYSTEM SHUTOFF

"
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switches. When one of thesc switches is placed in the "TEST" positien, it
energizes a solenoid valve on the appropriate relief valve., The relief valve is
then opened by high-pressure bleed air, ported through the solenoid valve
directly from the bleed air manifold. When a relief valve opens, a correspond-
ing RELIEF OPEN indicator light illuminates on the Environmental Control
Panel. Access to the valves is through the same panels that provide access

to the regulator valves. A schematic cutaway of the valve is shown in Figure
2-18.

Pressure Trangg. itters

A pressure transmitter is installed in the center wing section and is connected
through check valves to the bleed air manifold on both sides of the wing
isolation valve. The transmitter transmits electrical signals, in proporiion to
manifold bleed air pressure, to the MANIFOLD BLEED PRESSURE indicator
on the Environmental Control Panel. Access to the transmitter is through the
center wing section center manifold access panel.

Another pressure transmitter is located in each inboard wing leading edge
section, near the bleed air pressure regulator and relief valves, These
transmitters connect to the ducts just downstream from the relief valves.

They transmit pressure signals to the duct regulated pressure indicater on the
Environmental Control Panel.

Venturies

A venturi is installed in the APU and ground hlich pressure susply utos wisse
it is routed along the top of the fusclage. In the event of a dugt rupture, thc
ventur! would lImit the maximum alr loss to about 300 gom,

Similar flow limitng venturies dre also Ingtalled in the Movs Wil dusts
immediately upstream of the bleed alr system pressure reogulator valves, In
addition to limiting the nir loss in the event of o ruptured duct, ther alse limi

the amount of air that wouls have o be dumpetd svarhoned b the
if a regulator valve fails.

BLEED AIR SYSTEM OPERATION
In order to facilitate management of the blecd air system during certain
operations, particular aspects of contrul are accomplished automaticnlly.
These automatic centrol [eatures are built into the AIR COND MASTER

switch and are discussed in order of rotation of the switch in the following
paragraphs.
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“"APU" Position

The "APU" position of the master switch is an air conditioning selection. The
switch should be placed in this position when either the APU or ground com-

pressor is used to supply air for operating the air conditioning systems on the
ground,

NOTE

It i8 not necessary to place the master
switeh in "APU" <in order to operate the
APU, It is merely a convenient means of
eontrolling several velves with one
operation in order to control the
diatribution of bleed air.

When the master switch ls positioned to "APU, " certain override actions oceur,
as follows:

o The floor heat shutoff valve is driven open as shown in Figure 2-19.
This action permits airflow to the left manifoid.

o The wing isolation valve is driven open as shown in Figure 2-20,
This action permits airflow to the right manifold.

o All four bleed alr shutoff valves are driven closed as shown in
Figure 2-20 in order o crevent engine starting.

o The primary hea. exchanger svstem ejector shutoff valves are driven
closad. (These valves are discussed in the foliowing chapter, )

The valves are positicnsd as indicated above, regardless of the position of the
individual conirol switches. These overrides are provided to ensure a supply
of air for air conditicning, since the output of the APU or ground compressor
is not sufficient to supply moare than one system at 2 time.

The underfloor heating system may be cperated by placing the FLCOR HEAT
switch in the "ON" position. Placing the SYSTEM SHUTOFTF switch in the
"OPEN" position opens the bleed 2ir pressure regulator valves and provides
air to the air conditioning systems.

With the master switch in "APU," the lollowing indications should be present
on the Environmental Control Panel:

o The manifold bleed pressure indicator should show the pressure
being supplied {rom the APU or ground compressor (about 40 psi),
rl
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o The EJECTOR ON lights should be extinguished. (These lights
are discussed in the following chapter.)

o The bleed air shutoff valve CLOSED indicator lights should be
illuminated.

If the SYSTEM SHUTOFF switches are in the "OPEN" position, pressure
should be indicated on the regulated pressure indicator, and both pointers

- should show approximately the same pressure as the manifold bleed pressure
indicator. The temperature of the air can also be monitored on the primary
heat exchanger system temperature indicators. These indicators are discussed
in the following chapter.

AIR COND MASTER

exg BOTH ____ _ _ ____
STARTo (O LEFT

APUO ORIGHT '
1
|

<] OFF oS open |
RAM |
‘ : close
ol i | floor heat
28v dcp - ' T Shutoff
s {51 I 5 valve
U :| =
28v dcs ~C— . |
nEE " )

o J |
— . — ;1
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floor heat

SATECh

FIGURE 2-19. FLOOR HEAT VALVE CONTROL

"ENGINE START" Position

gor heat
2
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< Wl

Wi

-
.
‘Je

The master switch should be placed in "ENG START" when either the APU or
ground compressor is being used lo supply air for starting an engine. As in the
case of the "APU" position, the "ENG START" position merely provides a
convenient means of controlling several valves with one switch in order to
control the distribution of bleed air. In this case, however, the air is directed
to the engines. Override features cause the following actions to occur:

o Power is removed {rom the floor heat regulator valve, as shown in
Figure 2-19, which prevents operation of the floor heat system.
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o The floor heat shutof’ valve is driven open, as shown in Figure
2-19, which premits airflow to the left manifold.

o The wing isolation valve is driven open, as shown in Figure
2-20, which permits airflow to the right manifold.

o Power is removed from both bleed air pressure regulator
valves, as shown in Figure 2-21, which prevents operation
of the air conditioning systems.

The bleed air shutoff valves can now be opened with the individual control
switches to provide air to the starter valves.

With the master switch in "ENG START, " the following indications should be
present on the Environmental Control Panel:

o The manifold blecd pressure indicator should show the pressure
being supplied by the APU or ground compressor.

o Both pointers of the regulated pressure indicator should read
zero,

o The primary heat exchanger system temperature indicators
should show ambient temperature.

o Both EJECTOR ON lights should be {lluminated.

o The bleed zir shutoff valve CLOSED indicator lights shouid
extinguish as the switches are placed in the "OPEN"
position,

It should be noted that the pressure regulator valves are closed when the
master switch is positioned to "OFF" as shown in Figure 2-21. This acticn
prevents an unnecessarv loss of air through the primary heat exchanger svsiem
ejectors since the air conditioning systems are shut off at this time. However,
the valves are opened again to supply air if the rain removal system is turned
on,

Bleed Air Overheat Detection System

In the event of a malfunction such as a ruptured bleed air duct or a failed cduct
clamp, hot bleed air could spill out into the surrounding area and cause serious
damage to wiring and equipment. To prevent such damage, a bleed air overheat
detection system is installed on the aircraft, This system not only provides a
warning to the pilot and flight engineer in the event of an overheat condition but
also automatically isolates the entire area where the overheat condition occurs.
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The detection system consists of three separate sections:

o Left wing, pylon, and air conditioning compartment
o Right wing, pylon, and air conditioning compartment
0 Underfloor area and APU compartment

Since all three sections are very similar in operation, only the right wing
" section electrical schematic is shown in Figure 2-22,

The overheat sensor is a continuous loop-type element made in sections. The
wing loops run from the air conditioning compartment, through the wing leading
edge, and down into the upper sections of the pylons. The underfloor sensor
runs along the APU and ground high pressure supply duct from the floor heat
shutoff valve down into the APU compartment and out under the floor, A
temperature of 155°C (310°F) in any of these areas is considered an overheat
condition and activates the isolation system.

If an overheat condition is detected by either wing section, the detection system
imposges a closed override on the wing isolation valve and both bleed air shutoff
valves on the affected side. If an overheat is detected by the underfloor and
APU compartment loap, both the floor heat regulator valve and floor heat shut-
off valve are overridden closed. When an overheat cecurs In anv of these avesas,
appropriate warning lights are illuminated on the pilot's annunciztor pane!l and
on the Environmental Control Panel. The lights will extinguish when the over-
heat dissipates. but the valves cannet be recpened uniil the appropriate TEST-
RESET switch is toggied to the "RESET" pusition,

Each overheat detection loop is wired in scries through the contacts of all fouy
bleed air overheat cutout reliys. These relays ars enerzized by the indivicus,
engine starter pushbuttons. L onv one of the engine starter buttons {8 2ctuntes.

its associated relay prevents all three sections of the overhea: detection syvstem
from closing any of the valves until after the engine is running.

All three sections can be tested by toggling the associated TEST-RESET switchas
to the "TEST" position. The test condition produces the same results as an
actual overheat. A time delay is built into the control boxes so that the outpu:

is present for a few seconds after the test switch is released, which allows
actuation of the holding circuits. When this time delay elapses, the indica:or
lights extinguish and the system can be reset, Tke three control boxes are
lecated in the center fuselage junction box.
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Manifold Leakage Test

A manifold leakage test should be made ‘o determine system integrity whenever
a component is replaced in the system or at any other time circumstances deem
necessary. With the floor head switch in "OFF, " the master switch in "ENG
START, " and the bleed air shutoff valves open, the manifold should then be
pressurized with APU bleed air. The master switch should then be turned to
""OFF" and the time required for the pressure to drop from 30 to 15 psi should
be measured with a stopwatch. The pressure drop time should be a minimum

of 20 seconds. If the time is less, there is excessive leakage in the system
and corrective action should be taken.

STUDY QUESTIONS

1. What limits

the amount of bleed air delivered to the
manifold from t

he engine compreggor?
2, What systeme uge air from the bleed air manifold?

3. On an NASA standard day at sea level, the sizteenth-

atage bleed air temperature is ftakeeff thrust)
4. This high temperature ig the result of '
5. a. Why are the bleed air duects insulaed?
E. How are they imsulated?
8. The bleed aitr magrnifold ia made o] A
7 & Wrgt <8 o gyl companggtar?
By KRy a9 gy uwged w tre Bless gty duoting?
3. WasS pyeE IRé sarege pouraes ef zin Tix Az Dlaes iy
axazem?
8., &a. Where gre the blegd aoir ghjite”F veilvea
g Fodret Uy
b. Wrat typs ¢ vcives cra tney?
e, How gqre they controiled?
10. The APU delivers approzimately pom: of atr ad
peig ans OF. (NASA srandzand day at szc

Ltevel)

11. The mazximum amount of aeir delivered to the bleed cir
manifold from the engine ia approzimately ppm.
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12.

3.

14.

1o,

16,

i7.

2-24

Through what two valves must the sixteenth-astage bleed
air pass to enter the bleed air manifold?

d.

b.

What is the purpose of the bleed air chack
valves?

Where are they located?

What is the purpocse of the bleed air shutoff
valvea?

g

What override conditions occur when the master sw

Where ia the bleed air manifold pressure indicator
located?

In what units af'preaaura does it tndicate?

What ie the purpose of the wing itsolation
valve?

What 18 ite normal flight position?
Where 18 it located?

What type of valve 18 it?

How 18 1t controlled?

What ta the purpose o the bleed czir systen
oressure regulctor valve?

o what pressure does it regulate the air?

L5

the hileec zIi¥ . gyelen

Hhere is it located?
At what pressure does it reltieve?

How 18 it tested?

o,
o
L1

a-l

i8 positioned to

.

"APUFF?

b. U"ENGINE START"?
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b.
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VOL. IV

What valves are affected if an overheat condition
is detected in the No. 3 pylon upper mection gnc
how are they affected?

At what temperature does this overheat occur?

What indications are given?
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and rain removal systems,

Heat exchanger

ram air
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PRIMARY HEAT EXCHANGER SYSTEM

Ejector assembly and shutoff valve
Ram cocling air control valve
Three temperature sensing units

Temperature control box

to air cong
systemes
temperature

. 5ensors | |
'.TN A

Two identical primary heat exchanger systems are used to precool and

regulate the temperature of the bleed air supplied to the air conditioning
The two lLeat exchanger systems are located
in the leading edges of the wing root fillet areas, one on each side. The
right hand system is depicted in Figure 3-1 and consists of the following:

fr.-’ . =i . 14e rain
| == T T ¥ removal swsts-
heat exchanger_~ ejector || 1r ﬂ
A shutoff ! |
¢cooling air —r vaive - .
] — " i
control valve ‘If ) | L
| ] ]
ejector ' [CADC - = :: '
II—l il
s
Y temperature —/ | |
control box |
““““ i
FIG. 3-1.PRIMARY HEAT EXCHANGER SYSTEM
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Access to all of the components, except to the temperature control box, is
through cam-lock fastened panels on top of the wing.

A temperature indicator for each system is located at the top center of the
Environmental Control Panel. Although system control is entirely automatic,
these indicators can be used to monitor system operation. The indicators,
calibrated on the Centigrade scale, show a normal runge from 220 to 240°C.

COMPONENTS
Heat Exnhgggr

The primary heat exchanger is a single-pass unit of welded and brazed
construction, utilizing stainless steel throughout except for the cooling fins
which are nickel. Cooling is accomplished by air-to-air heat exchange, much
the same as hot water is cooled in an automobile radiator. As hot bleed air
flows through the heat exchanger, it is cooled by a crossflow of ram air. The
ram air does not mix with the bleed air but flows directly through the heat
exchanger and discharges overboard. The amount of cooling obtained is

determined by the temperature and amount of cooling air flowing through the
unit.

Ejector Assembly and Shutoff Valve

An ejector assembly is located in the ram air discharge duct of the heat exchanger.
It is used to induce a flow of cooling air through the unit whenever the aireraft
speed is not high encugh to provide sufficient flow. Bleed air is supplied 10 the
ejector from the input of the heat exchanger. The unit uses approximately §¢

ppm of air at 70 psig.

A shutoff valve is located in the blesd 2ir supply duc: to the gjector and is used
to turn the supply of bleed air to the ejector on or ofi, The valve is a motor-
driven butterfly type, powered by 28 volts, de. It is normally controlled by the
Central Air Data Computer (CADC) and opens when the aircraft speed drops
below 0.3 Mach. The pilot's (No. 1) CADC controls the left-nand ejector shutoff
valve, and the copilot's (No. 2) CADC controls the right-hand ejector shutoff
valve,

When the aircraft is on the ground and the APU or ground compressor is being
used to supply bleed air for air conditioning, the ejector is not needed since the
temperature of this air is less than the control point of the system, Thcrefore,
in order to prevent an unnecessary loss of air overboard and to conserve this
air for use in air conditioning, the ejector shutoff valves are overridden closed
when the AIR COND MASTER switch is positioned to "APU." The control
circuit for these valves is shown schematically in Figure 3-2,
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No.2

main !
dc bus r___j ‘ 9 At open EJECTOR ON
, T | ] Ei cInse‘ indicator 1ight
| ihlen T I close env cont panel
% | o= Eh11edu;1r copilot's Hejector
No1 = _Jcontrol relay valve
main energized in "APU"
dc- bus o | goBen | e EJECTOR ON
. :A[ | ii :1&5!| indicator light
| o i | close anv cont panel
S .Eﬂg No.l & 4 pi'lotrs LHejector
L-,-JbTEEd air CADC shutoff
-—dcontrol relay valve

energized in "APU"

FIG, 3-2. EJECTOR SHUTOFF VALVE CONTROL SCHEMATIC

Two "EJECTOR ON" indicator lights are located on the Environmental Control
Panel just below the primary heat exchanger system temperature indicators.
These lights are illuminated whenever the ecjector shutoff valves are open.

Cooling Air Control Valve

The cooling air contrcl valve is located in the ram air discharge duct between
the heat exchanger and the ¢jector assembly. & is an ac motor-driven
modulating butterfly valve, which controls the flow of cooling air through ihe
heat exchanger. The valve is driven by a contrel box in response to temperaturs
signals from sensors located in the bleed air duet.

Temperature Sensors

Three thermistor-type sensing units are located in the bleed air duet at the
output of each heat exchanger. Two of these are used in controlling temperature;
the third is the indicator sensor. Of the two temperature control sensing units,
one is the control sensor which determines when, and in what direction, the
cooling air control valve drives. The other unit contains two.separate sensors

in the same housing: an anticipator sensor and a high-limit sensor. The
anticipator sensor is sensitive to temperature change and controls the driving
rate of the valve to help prevent overshooting. It also correccts for transient
temperature changes causced by changes in ambient air temperature.

VOL. IV 3-3



If an overheat condition occurs, the high-limit sensor activates a circuit in the
control box which removes power from the bleed air pressure regulator valve,

This action causes the valve to close and to shut off the supply of air to the
system.

Ten_zErature Control Box

The two primary heat exchanger system temperature control boxes are located
above the emergency escape hatch on the forward right side of the cargo
compartment. Except for a relay in each box, they are composed of solid
state type components and are powered by 115 volts, ac.

SYSTEM OPERATION

A simplified electrical schematic of the temperature control svstem is shown
in Figures 3-3 and J-4. The temperature of the bleed air leaving the heat
exchanger is regulated at approximately 232°C (450°F) by varying the amount of
ram air allowed to pass through the heat exchanger. The ram air is inducted
through an opening in the wing leading edge and discharges overboard througha
louvered panel on the side of the aircraft under the wing., WWhen the bleed air
temperature at the output of the heat exchanger exceeds 232°C (450°F), the
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FIGURE 3-3, RIGHT-HAND PRIMARY HEAT EXCHANGER SYSTEM
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FIGURE 3-4, LEFT-HAND PRIMARY HEAT EXCHANGER SYSTEM
TEMPERATURE CONTROL SCHEMATIC

conling air control valve drives towazd open to allow more cooling 2ir to Sow
through the unit. When the temperature drops below 232°C (450°F), the valve
drives ioward cloged to reduce the flow cf cooling alr. A rate generator in the

valve actuator assembly provides nezative feedback to the control bex to help
prevent oversiooting. The valve is normaily closed when using the APU or
ground compressor to supply bleed air since the temperature of this air is
about 211°C (412°F), which is less than the control point of the system.

-

ceadition cocurs v

I any whick would cause the duct temperaiure to exceed 232°C
(540°F), the high-limit sensor activates a circuit in the control box to close the
bleed air pressure regulator valve. With the air supply shut off, duct temperature
drops and the circuit automatically resets. [ the overheat condition persists,
the regulator valve cycles open and closed, which causes air surges. In this
event, the system should be shut down by placing the SYSTE"ri SHUTOFF switch
in the "CLOSE" pogition,

In the event of any system malfunction which would close the regulator valve or
cause it to cycle, the valve may be overridden to the open position by use of an
EMERGENCY PRESSURIZATION switch. Two of these switches, one for each
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valve, are located on the EMERGENCY CIRCUIT BREAKER PANEL on the
pilot's left side.

These switches, when actuated to the emergency position, supply power directly
to the valves from the emergency dc bus and remove all other sources of
power, In this configuration, however, the operator should continuously
monitor the primary heat exchanger system temperature indicators so that if

an overheat occurs, the system can be shut down before any damage is incurred.

STUDY QUESTIONS

1. The primary heat exchanger system regulates bleed air
temperature to approzimately e

2., A bleed air temperature of 9C in the primary
heat ezchanger syetem ia consigered an overreat condition.

3. The primary heat exchanger temperature indicators are
located and recetive signals from

.

4. What is the purpose of the ejecior assembly?

§. The primary neat ezxchanger systems supply cir for the

and aystema.

8§, Why should the master switch be pogitioned Te "APLU" when
tine APU op grourmd comprespor tg being usec Lty augpLy air
for air conditioning? .

7. What conirols the amount ¢l actir allowed to paoes throug
the hecr exzchanger 3t “Light espeecs chove 5.3 Nzan?

8. If the primary heat ezchanger syestem faile to provide
proper cooling of the bleed air, the 7light engineer
ahould

L

§. A failure of the cooling air control valve to *he 2losed

position whold causge X
10, The normailg controle the ejestor shutofs

valve, but the vaive ia overridden by
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AIR CONDITIONING AND VENTILATING SYSTEMS

Two separate but identical air conditioning systems supply conditioned air
to the interior of the aircraft. The systems provide both heating and
cooling in addition to supplying the air necessary for pressurization.
Conditioned air is also used for cooling the electrical and electronics
equipment. A separate floor heat system may be used either in conjunc-
tion with, or independently of, the air condition systems. Provisions are
included for using ram air ventilation when air conditioning and pressur-
ization are not required.

AIR CONDITIONING

- i
The right hand air conditioning system is depicted in Figure 4-1 and
consists of the following:

o Venturi type flow control valve

o Refrigeration unit consisting of a heat exchanger and
a cooling turbine and compressor fan agsembly

o Water separator

o Low-limit temperature control sysiem consisting of
a turbine bypass valve, a low-limit sensor, ans 2

low-limit temperature control box

o Temperature control valve

All of the components listed for both systems are located in the center
wing leading edge section except the low-limit temperature control boxes.
Camlock fastened panels on top of the wing provide easy access tothe
entire area. The low-limit control boxes are located above the emergency
door on the forward right-hand side of the cargo compartment, next to the
primary heat exchanger discharge temperature control boxes.

Each air conditioning unit rcceives hot bleed air from its respective
primary heat exchanger system. The airflow is regulated by the flow
control valve and ducted to the heat exchanger and the temperature control
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valve. As the hot air flows through the heat exchanger, it is cooled by a cross-
flow of ram air. The cooler bleed air is then ducted to the turbine and to the
turbine bvpass valve. This air is normally supplied to the turbine at a
temperature of less than 93°C (200°F). As the air expands through the turbine,
it is further cooled to below freezing temperature. A compressor fan is
mounted on the turbine shaft and is driven by the turbine. The compressor
draws ram air from the heat exchanger and discharges it through an ejector
assembly in the ram air discharge duct of the heat exchanger, The jet pump
action of the ejector assembly induces a flow of cooling air through the heat
exchanger for ground operation. It also increases the cooling efficiency of the
heat exchanger during air operation

Turbine discharge air is ducted to the water separator which removes excess
condensation caused by the cooling. Enough warm air from the heat exchanger
bvpasses the turbine through the turbine bypass valve to maintain a temperature
of 2°C (35°F) through the water separator. When heating (s required, hot air,
which bypasses the refrigeration unit, is added downstream of the water
separator, The mixture is ducted to the outlets in the flight station and cargo
compartment. Cool air from the output of the left-hand system is ducted to
separate individual outlets in the flight station.

Svstem Components
Flow Control and Shuteff Valve

Thae Jow control valve is an airflow regulator with a shutcff feature. Although
its main purpose is to provide a constant flow of air through the air conditivninz
gystem, it alsc serves as the air conditicning systemn shutoff valve, The valve
{5 an automatic madulating butterfly which regulates tie alrflow at 100 o It
is solencid-controlled, pneumatically actuated, spring-lended closed, and de-
energized open. Both flow contral vaives are normglly eonirolled by the AIR

ORD AMASTER switeh ansiare aoymally epen durins fighe. Ebther valve,
however, can be overridden closed by 2 turbine overheat condition. A thermal
sw'tch at the inlet of each cooling turbine automatically closes its respective
flow control valve if the turhine inlet temperature exceeds 299°C (210°F). Both
valves ave overridden cloged by the EMERG DEPRESS swiches. Figure 4-.
shows a schematic cutaway of the valve.

Refrigeration Unit

Each refrigeration unit is a two-stage cooling unit consisting of a2 two-pass heat
e¢xchanger and a single-stage expansion turbine. The heat exchanger is similars
in construction to the primary heat exchanger except that the bleed air makes
two passes through the ram air. It is of welded and brazed aluminum
construction. Ram air for the heat exchanger is inducted through an opening
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in the wing leading edge (the same one that is used for the primary heat
exchanger). It discharges through a louvered panel just aft of the primary
heat exchanger ram air discharge duct.

Figure 4-3 shows a cutaway of the turbine and compressor fan assembly. The
turbine and compressor wheels are mounted on opposite ends of a common shaft
which is supported by two ball-type bearings. As the partially cooled air from
the heat exchanger expands through the turbine, it drives the turbine at speeds
of 10,000 to 85,000 rpm. The turbine drives the compressor, which provides

- a"load for the turbine. This load helps to prevent overspeeding and also extracts
more heat from the bleed air since more energy is required to turn the extra
weight of the compressor. The compressor draws ram air from the heat
exchanger, compresses it, and discharges it through a slot-type ejector
assembly in the heat exchanger's ram air discharge duct. This jet pump action
induces a flow of cooling air through the heat exchanger during ground operation
and increases the mass of cooling air flowing through the heat exchanger for
better cooling efficiency during air operation.

Qil is wick-fed to the bearings of the turbine and fan assembly from an oil sump
incorporated in the bearing housing., The sump holds 200 c¢ (about 10 ounces)
of turbine oil, MIL-L-6085A or equivalent. There is i_i"iﬁetjc plug in the
sump Which may be removed for inspection without draining the oil. A dip stick
is provided to check the oil level. The level should be checked every 300 hours,
and the oil should be changed every 600 hours. o

Water Separator i

As air flows through the turbine, the rapid expansion and cooling effect causes
the water vapor in the air to condense and become "free" moisture (fog). To
remove some of this moisture and provide humidity control, a cvelonic type
water separator is installed in the duct downstream from the cooling turbine.
About 55 percent of the free moisture is removed by the separator,

Figure 4-4 shows a cutaway view of the water separator. The unit contains a
louvered, conical-shaped condenser assembly, covered with a fiberglas blanket
or "sock." As the moisture-laden air flows through the separator, the sock
becomes saturated with water. The force of the airflow carries the moisture
through the sock in the form of large water droplets. A swirling motion is
imparted to the air by the louvers, which causes the water droplets to be thrown
out against the wall of the separator where they collect and run down to a drain
outlet. An overboard drain line discharges the water through an opening on the
side of the fuselage under the wing. The drain outlet is located so that the ram
air discharge from the primary heat exchanger passes over the opening to
prevent it from freezing. A pressure relief valve in the cone assembly of the
water separator opens at approximately 8 psid to prevent a pressure buildup in
the separator if the condenser blacket becomes clogged.
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The condition of the condenser blanket should be checked periodically and
should be replaced if torn or frayed. If it is dirty, it may be washed by hand
in soap and water and should be re-installed while still wet.

Low=Limit Temperatire Control System

A low-limit tempera ure control is incorporated into the system to prevent
icing of the water sejarator. The system, shown in Figure 4-5, maintains a
temperature of 35°F and consists of the following:

o Tem »erature senscr
o Contrsl box

o Turbiie bypass valve

The low-limit sensor is 2 negative coeificient, thermistor-type temperature
sensing unit located in the duct at the output of the water separator. It senses
the air temperature at this point and provides corresponding electrical signals
to the control box.

The low-limit temperature control box is a solid state type and is located above
the emergency door on the forward right side of the cargo compartment. It
receives temperature signals from the low-limit sensor and provides corre-
sponding electrical signals to drive the turbine bypass valve.

The turbine bypass valve is located in the turbine bypass duct on the refriger-
ation unit. If is a modulsting butterfly trpe valve, driven by a de motor. When
the valve is ocpen, air from the heat exchanger Hyvpasses the coolinz tirpine and

Ay A

is-added inat the turbine outlet. Upon sipnals from tMa:contrel box, the valve

moiulates to provide more or less warm alr, 45 fedufred, to sreven: jginz ¢f

- bediim s
the water separator,

Temperature Control Valve

A temperature control valve is located in the hot air supply duct which bypasses
the entire refriceration unit, It is a :ncior-driven, modulating butterly tipe
valve, powered by 28 volts, de. When the valve is cpen, hot air from the
primary heat exchanger system bypasses the refrigeration unit and is added into
the distribution duct downstream from the water separator. Signals from a
control box modulate the valve to provide more or less hot air, as required, to

1zintain the desired temperature in the airplane. The right-haond system
temperature control valve is positicned by the cargo compartment temperaiurs
controls, while the flight station temperature controls position the left-hand
system valve.
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Conditioned Air Distribution Svstem

The conditioned air distribution system is shown in Figure 4-6. Air from the
air conditioning systems is ducted through the top of the fuselage into the cargo
compartment through check valves. These valves are 8~inch diameter, dual-
flapper type check valves which prevent air from escaping back through a shut-
down air conditioning unit. The right-hand air conditioning system distribution
dutt enters the cargo compartment on the left side, while the left-hand system
distribution duct enters on the right side. This crossover is due to the layout
of the air conditioning systems in the center wing section. Most of the

distribution ducting is made of aluminum; however, there are a few fiberglas
sections.

Air from the left-hand system is ducted to the flight station air diverter valve,
located in the top of the cargo compartment forward of the wing. This valve is
a Y-ghaped, four-position, swinging gate type valve, actuated by a 28-volt, de
motor. It is controlled by the FLT STA AIR FLOW switch, located on the left
side of the Environmental Control Panel. Depending on the switch position, the
valve diverts a portion of the air from the left-hand system to the flight station,
the remainder going to the cargo compartment. Figure 4-7 shows the control
for the valve, and the air distribution for each switch position is listed in the
following table.

SWITCH POSITION AIR T'O FLT, STA, AIR TO CARGO COMPT,
"MIN" 0 percent 109 sercen:
"NORM" 38 percent 52 percen:
"INCR" 58 percent 32 parcent
"MAX" 100 percent U perceat

FLT STA AIR FLOMW
NOBM

t3 fiighs
o
MINo olNCR Staxan
oMAX i
a \ |
\, o
0 w ’ !
; close 0% }ﬁ'_’_ ‘&:3
"1 open 38% b
' o— 68% from left
sem f?r@” hand unit
flight statien to cargo
isol diverter valve compartment

de bus

FIG, 4-7 FLIGHT STATION DIVERTER VALVE CONTROL
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When the APU or ground compressor is used to supply bleed air for air
conditioning, the switch should be placed in the "INCR" position. When so
placed, approximately the same amount of air is supplied to the flight station
as |s normally supplied when engine bleed air is used and the switch is in the
"NORM'" position,

Air from the right-hand system is ducted to the flight station alternate air valve,
located in the left distribution duct opposite the flight station diverter valve.

The alternate air valve is similar to the diverter valve, except that it has only
two positions. The valve is controlled by the AIR COND MASTER switch, Itis
normally closed, but is driven to the open position when the master switch is
positioned to "RIGHT. " In the closed position, all of the air from the right-
hand system is directed to the cargo compartment. When the valve is open, 38
percent of this air is diverted to the flight station through an alternate supply
duct. The control circuit for the valve is shown in Figure -8,

Conditioned air from both systems combines in a fiberglas mixing chamber
located between the two diverter valves and is supplied to the cargo compartment
through overhead ducting. Conditioned air for the flight station is supplied to
two overhead outlets, and to individual outlets for the pilot, copilot, flight
engineer, and navigator. The pilot and copilot each have a foot-warmer outlet
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and a body-warmer outlet, Air for the flight engineer and navigator is supplied
through louvered panels in the base of their control consoles. All of the
individual outlets are equipped with munually operated valves so that each crew
member can regulate his own supply of air.

Cool air is supplied from the left-hand air conditioning system to individual
gasper ("eye-ball") outlets in the flight station. There are eight of these ocut-
lets, one for each member of the flight crew and one at each of the relief crew
sections. Each outlet contains a manually operated valve which is actuated
when the outlet is turned to the left or right.

All of the distribution ducts are insulated to prevent the air inside from gaining
or losing heat due to ambient temperature. The insulating covers consist of a
fiberglas blanket sandwiched hbetween two layers of fiberglas cloth. They are
made in stations to fit the ducts and are held in place by hose-type clamps.

Air Conditioning Svstem Control

Figure 4-0 shows the air conditioning systems control schematic, When the
AIR COND MASTER switch is positioned to "RIGHT, " "OFF," or "RAM, " the
left-hand flow control valve is energized closed. In the "LEFT," "OFF,"” and
"RAM" positions, the right-hand valve is energized closed. Thus, when air s
available to the valves, both valves open to supply alr to the alr conditioning
systems when the master switch is in "APU" or "BOTH.” Only the right-hand
valve is open in "RIGHT, " and only the left-hand valve is open | "L u
Because the valves are spring-loaded closed and reguire air pressuse
it is not necessary to Apply power to close the velves in ..:w-G 5':.'...—.? ad
tho sx'stem pr sarc reg‘ul:u.c:' valves are -.I-JEE'E at T.h's time, which sauts off
she piysupnletothe Dow eonteol salves: Efthervalve iscloged by o sushin

bs T TR By okt e o
cverieat condition, ang "I G THESS

Y — -

'f.lu

I-‘i"

-.-.-.:EE koth VEUTRE, ©JF norms

operaticn, the master switch is positioned o “BOTH, v
TEMPERATULEZ CONTROL SYSTEM

Cabin temporaiurc ls centrellc. by positioning tae temparature contrul volve,
adding more or less hot alr, as required. o the cool 2ir from the water
separator. Separate temperature controls ire provided for the flight station
and cargo compartment. Each system has both automatic and manual operating
features, and the two modes of operation are independent of each other, Both
sets of controls are lecated on the Enviromrentz]l Control Panal. The dight
station temperiture controls are in the upper leit corner of the panel, and the
cargo compartment controls are in the upper right corner.
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Since the left-hand air conditioning system normally supplies air to the flight
station, the flight station temperature controls position the left-hand system

temperature control valve,
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FIGURE 4-

AIR CONDITIONING SYSTEMS

x jovertemp sw

b o]

CONTROL SCHEMATIC

compartment, so the cargo compartment temperature controls position the

right-hand system valve.

Both systems have similar components and are

identical in operation. The systems receive electrical power through the
master switch only when thz corresponding air conditioning system is selected

for use.

4-14
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System Components

Each system consists of the following:

o Temperature control switch

o0 Temperature selector rheostat

o High-limit thermal switch

o Cabin temperature sensor unit

o Duct anticipator and high-limit sensor
o0 Temperature control box

The temperature control switch is a four-position toggle switch us=2d for manual
temperature control. When toggled to the "HOT" or '""COOL" position, the
switch applies power to drive the temperature control valve open or closed,
respectively, and springs back to a center "HOLD" position when released.
When the switch is placed in the "AUTO" position, power is applied to the
automatic coantrol circuit. The switch remains in "AUTO" until manually
positioned back to "HOLD. "

In the automatic mode of operation, cabin temperature may be selected by
positioning a rheostat., The rheostat provides electrical signals to the
temperature control box corresponding to the selection, The temperaturs
selection range is from 5 to 43°C (40 to 110°F). Mid-range (12 o'clock
pesition) is 23°C (75°F).

A high-limit thermal switch is installed In each system supply duct, upstream
from the diverter valves in the cargo compartment. The switches actuate at
150°C (300°F) to protect the distribution ducts from excessively high temper-
ature during manual control.

Two pegative coefficient, thermistor-type temperature sensing units are installed
in the aircraft to sense cabin temperature and to provide corresponding signals

to the temperature control boxes. The flight station sensor is located behind the
flight engineer's Lighting Control Panel in the upper right corner of the flight
engineer's console. It senses flight station temperature through a hole provided
on the aft side of the congole. The cargo compartment sensor is located on the
forward right side of the "hayloft" in the aft end of the cargo compartment. It
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contains an indicator sensor in addition to a temperature control sensor. The
indicator sensor provides electrical signals to the CARGO COMPT TEMP
indicator, located just above the AIR COND MASTER switch on the Environ-
mental Control Panel. The indicator, calibrated in degrees centigrade, allows
the flight engineer to monitor cargo compartment temperature. Both compart-
ment sensing units contain a small blower which circulates air over the sensors
to ensure a true sam pling of air temperature.

A combination duct anticipator and high-limit sensor is located in each conditioned
air supply duct, next to the high-limit thermal switch, It is a dual-purpose unit
consisting of two separate negative coefficient thermistor-type sensors mounted

in a common housing and is used only in the automatic mode of temperature
control. The anticipator part of the sensor is sensitive to temperature change

and is used to correct for transient temperature changes in the duct before

these changes can be felt in the cabin. The high-limit sensor limits duct
temperature to 150°C (300°F) to prevent damage to the ducting due to overheat.

Solid state type temperature contrecl boxes position the temperature control
valves during the automatic mode of operation. The cargo compartment
temperature control box is located above the emergency door on the forward
right side of the cargo compartment, next to the primary heat exchanger and
low=-limit control boxes. The flight statio~ temperature control box is located
under the flight station floor, forward of the underdeck relay panel. Access to
the box is through the toilet compartment.

Svstem Operation

Figure 4-10 shows the electrical schematic for cabin temperature control.
Power is applied to the temperature control switch through the AIR COND
MASTER switch only when the corresponding air conditioning system is teing
used, When the temperature control switch is toggled to "HOT" or "CCOL,
power is supplied to drive the temperature control valve. If the valve .s driven
toward "hot" and the duct temperature reaches 150°C (300°F), the high-limit
thermal switch ¢loses and energizes the TEMP OVHET relay. When ke relay is
energized, it removes the "hot" signal to the valve and supplies power to drive
the valve toward closed, The thermal switch resets when the duct temperature
drops below 150°C (300°F). When using manual temperature control, the
operator should toggle the switch mamentarily: He should wait between each
actuation to allow the temperature to stabilize.

In "AUTO, " the temperature control switch applies power to encrgize the TEMP
CONTROL relay. When energized, this relay applies power to the temperature
control box and removes power from the TEMP OVHT relay. The temperature
control box compares the signals received from the cabin sensor, anticipator
and high-limit sensor, and the selector rheostat, and supplies power to drive the
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bleed air. This air
mixture discharges
through holes along the
sides of the distribution
ducts. Some of the air is SECTIONAL VIEW
récirculated by the ejector
assembly; the excess

- flows up into the cargo
compartment through
louvered panels along the
sides. Fiberglas cloth
insulating hhﬂ;m are FIGURE 4-12, FLOOR HEAT AIR
installed under the DISTRIBUTION
distribution ducts to help

hold the heat up under the

floor as shown in Figure 4-12.

Com ent

= v
Two valves are used to control the supply of bleed air for the floor heat system:
the floor heat shutoff valve, and the floor heat regulator valve, Thermostats
are used to provide temperature control and overheat protection.

Floor Heat Shutoff Valve

The floor heat shutoif valve is located in the APU and ground high-pressure
supply duct where the duct tees into the bleed 2ir manifold in the center wiag
section. This valve is a2 motor driven butterfly type, powered by 2S-volts, de.
Access to the valve is through the left-hand bleed air manifold access panel in
the center wing section.

Floor Heat Regulator Valve

The floor heat regulator valve is located in the floor heat supply duct in the
APU compartment. I is a solenoid-controlled, air actuated, modulating
butterfly-type valve with a shutoff feature. It is energized open. Access to the
valve is through the inboard APU compartment access panel. This panel is
located under the forward end of the left main landing gear pod and is held in
place with cam-lock fasteners. A schematic cutaway of the regulator valve is
shown in Figure 4-13. '
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Pneumatic Thermostats

Two tenperature sensing pneumatic thermostats are used to control the modu-
lation of the floor heat regulator valve. Both thermostats are connected to the
valve through 1/4-inch tubing. One thermostat is an anticipator sensor, I is
installed in the forward end of the aft distribution duct and is sensitive to rapid
changes in temperature. The other thermostat is the control sensor. It is
mounted on a bracket next to the ejector assembly where it can sense the
temperature of the recirculated air. It is set to operate at 18°C (65°F). A
cutaway view of the thermostat is shown in Figure 4-14. The temperature
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FIGURE 4-14, PNEUMATIC THERMOSTAT
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sensing probe is of bimetallic construction and attaches to a spring-loaded
ball-type poppet valve, When subjected to heat, the probe expands and unseats
the ball. This action provides a vent for the regulator valve control pressure.
When the ball valve opens, the regultor valve butterfly moves toward closad;
when the ball valve moves toward closed, the regulator valve butterfly moves
toward open.

- Overheat Thermal Switch

A bimetallic-type overhcat thermal switch is mounted on a bracket near the ’
forward end of the aft dictribution duct. It is positioned to sense the
temperature of the air coming from the first outlet and actuates at 124°C (225°F).
The thermal switch is wired into the APU compartment and cargo floor overheat
system.

Svstem Operation

As shown in Figure 4-15, when ‘he floor heat system is turned on, bleed air is
supplied to the ejector assemkbly ‘hrough the floor heat regulator valve.
Modulation of the valve butterf y is contrelled by the pneumatic thermostats

so that the valve continuously supplies just enough hot air to maintain an
underfloor temperature of 18°C (G53°F).

The FLOOR HEAT switch receivi:s power from the AIR COND MASTER switch,
and the system can be operated when the master switch is in any cosition excent
"ENG START."

If an overheat condition cecurs, the cargo floor overheat control relay is
energized, which removes power from the regulator valve and drives it closed.
A holding circuit keeps the valves closed until the system {5 reset, =

During emergency depressuriz.  Jn, the foor heat shutoff valve is elosed 1o
shut off floor heat. When the EMERG DEPRESS switch is positioned to
"DEPRESS," the No. 1 CABIN PRESS DUMP RELAY energizes and removes
power from the valve, "EMERG DEPRESS" does not cffect the Jany heat
shutoff valve.

* See Bleed Air Overheat Detection System, Chapter 2.
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GROUND AIR CONDITIONING

Provisions are included for connectingz a mobile ground air conditioning unit
into the aircraft's conditioned-air distribution ducting. The connector is
located on the right side of the fuselage at F.S5. 477 as shown in Figure 4-18,
A flapper-type check valve is installed in the supply duct to prevent reverse
flow. The connector is protected by a circular cover plate which is fastened
with nine flush-mounted Allen-head screws.

access

e e it W1

FIGURE 4-16, GROUNG AIR CONSITIONING CONGeCTIC!
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RAM AIR VENTILATION SYSTEM

Ram air may be used {or ventilation in the aircrait if air conditioning and
pressurization are not required or cannot be used. Air is supplied through a
shutoff valve from the right~hand ram air inlet and is ducted into the aircraft
through the left-hand air conditioning system distribution ducting. Through this
ducting, ram air can be supplied to all of the outlets in the aircraft, including
the gaspers. Approximately 500 cfm of air is supplied to the flight station and
2000 cfm s supplied to the cargo compartment. The system {s shown in
Figure 4-17. .

ram afr
ventilation
2K valve
ram afr
inlet 1)
RH primary
) heat
RH refrig unit exchanger
| |
L]
¢to conditioned i [f—x\; ) !
atr gutlets /

Ram Air Ventilation Valve

The ram z2ir ventilation valve is located just forward of the right-hand
refrigeration unit in the center wing section. It is installed in a short section
of ducting which connects the right-hand ram air inlet to the left-hand system
distribution duct, The valve is a motor-driven butterfly type and is controlled
by tha AIR COND MASTER switch.
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Svstem Control and Operation

Figure 4-18 shows the control schematic for the ram air ventilation valve. The
valve is controlled directly through the master switch. When the switch is
placed in the "RAM" position, the valve is driven open. In all other positions
of the switch, the valve is closed.

AIR COND MASTER

ENG BOTH
isol
dc bus START LEFT
APU RIGHT
OFF
2AM tlose o

agpen

FIGURE 4-18, RAM AIR VENTILATION CONTROL SCHEMATIC

Siace ram air pressure s very small (about 2 psi maximuml, it |5 negcessars
to depressurize the aireralt before the ram air can enter throuch the chesh:
vaives inthe distribution duets: Ferthls reason, there 2re conissl oivoults
which cause the pressurization system cutilow valves to cpen when the masier
switch is pesitioned to "RAM." These control circuits are discussed in the
following chapter. Also, by opening the cutflow valves, an ou:let for the ram
gir i provided to.¢naure adequate veniilation.

ELECTRICAL AND ELECTRONICS EQUIPMENT COOLING SYSTEMS

Most of the avionics systems "black boxes" and the majority of the electrical
distribution system components are located under the flight deck floor. Since
these units generate a great deal of heat when operating, special cooling svstems
are provided to ensure adequate cooling of the components, The cooling is
accomplished by circulating cabin air around the components.
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Electrical Equipment Cooling Svstem

Two ducted fans are used to draw conditioned air from the flight station and

circulate it over the electrical
equipment. These fans are
miounted under the floor in the
aft right corner of the flight
station as shown in Figure
4-19. The fans are driven

by 115-volt 3-phase ac motors,

and are rated at 240 ¢fm each.
Cne or both fans normally
operate any time power is on
the aircraft. Access to the
fans is through the toilet
compartment.

Svstem Operation

Figure 4-20 shows the control
schematic for the electrical
equipment cooling fans,
Whenever power is on the
aircraft, the No. 1 fan
normally operates and the

Mo. 1 cocling fan current
sensing relay |s energized.
When the aircraft is in the
air, this relay supplies a

nghtJ
engineer's
,station f

electrical
Equ1meﬂt
cooling ®ans

FIGURE 4-19, ELECTRICA
EQUIPMENT COOLING FAN
LOCATION

ground through the deenergized ccontacts of the No. 2 touchdown relay to energize
the No. 2 fan contrel relay. With this relay energized, the No, 2 fan does not
operate. However, if the No. 1 fan fails, the No. 1 cooling fan sensing relav
deenergizes, which removes the ground {rom the No., 2 fan control relayv. The
relay then deencrgizes and applies power to the No. 2 fan. I the No, 2 fan

fails also, a ground is provided through the deenergized contacts of the No, 1

cooling fan current sensing relay, the No. 2 touchdown relay, and the No. 2

cooling fan current sensing relay, to the fail indicator light at the flight
engineer's console. If either fan is operating while the aircraft is in the air,

there is no failure indication,

When the aircraft is on the ground, the No. 2 touchdown relay is energized,
which removes the ground from the No. 2 fan control relay. With this relay
deenergized, the No. 2 fan also operates. If the No. 1 fan fails, the No, 1
cooling fan current sensing relay deenergizes and supplies a ground through the
enorgized contacts of the touchdown relay to the fail Indicator light. If the No, 2
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fan fails, the No. 2 cooling fan current sensing relay applies a ground from the
energized contacts of the touchdown relay to the light., Thus, a failure
indication is provided if either fan fails while the aircraft is on the ground.

Electronics Equipment Cooling System

Figure 4-21 shows the electronics equipment cooling system flow schematic.
The electronics black boxes are mounted on hqllow racks which are ducted
overboard through two fans and a flow control valve. The system is located in
the belly of the fuselage, forward of F.S. 452. The two fans are electric-motor
driven, using 115-volt 3-phase ac power and are rated at 850 cfm each. One or
both fans normally operate any time power is available on the aircraft. Check
valves downstream from the fans prevent reverse flow in the ducting when one
fan is not operating.

- — — —

ﬁ B manual
e et check wvalve override
ﬁ flow
e Sk ey fan control
valve
equipment L -8- C-2
racks

ANETIE N

FIG, 4-21 ELECTRONICS EQUIPMENT COOLING SYSTEM

Flow Control Valve

A cutaway view of the valve is shown in Figure 4-22, It is an air actuated
*unbalanced” hutterfly valve with both solenoid control and manual override
features, The valve is spring=-loaded open and air-actuated toward closed,
When the aircraft is on the ground, the solenoid is energized to hold the
butterfly fully open. When the aircraft is in the air, the butterfly modulates
to provide sufficient airflow for electronics equipment cooling. At the same
time, however, this airflow is not great enough to be detrimental to aircraft
pressurization.

The manual override tee-handle is located to the right of the step leading down
into the underdeck area just forward of the flight deck entrance ladder. When
the tee-handle is pushed in to the "OPEN" position, the valve is mechanically
held fully open. The "CLOSE" override position, however, will not close the

valve. If the tee-handle is pullod out to the "CLOSE" position, 2 mechanical

*a
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linkage overrides the solen: id and allows the valve to modulate according to
the airflow,

System eration

System operation is similar to the electrical equipment cooling system
operation. One fan normally operates when the aireraft is in the air, and

both fans operate when the aircraft is on the ground. In flight, If one fan fails,
the other fan is activated automatically, If both fans fail, a failure indication
is provided at both navigator's station and flight engineer's station. When the
aircraft is on the ground, the second fan is activated through a microswitch in
the flow control valve. In this configuration, the failure indication is provided
if either fan fails. The electrical schematic of the system is shown in

Figure 4-23,
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Modification to Electronics Ecuipment Cooling Sustem
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STUDY QUESTIONS

1. PFHow ig the hot bleed air used for air conditioning cooled?
2, What does "air conditioning” mean? !
3. What is the purpose of the flow control and shutoff
valve? .
4. The flow control valve is controlled,
aetuated, spring-loaded , and
energized .
§. The flow control valves are normally controlled by the
switeh, but can be overridden closed
by and :
6. What indicctions will be in evidence 1if a Fflow control
valve faile elosed? "
7. “Name the positions o the master suwiteh tn order From
left to right and tell what egech position controla.
8. What econditions mustc be met in orZer to operale¢ =ie zir
conditioning system on the ground?
Ll
8. What coes the refrigeration pacikage congist o7
I0. #®hae t3 the purbpose o7 tfie Heet ezoherger?
11, KHhat is the primary purpese of the comp.-aessor ‘an?
12. What ia the purpose of the jet pump asgembily in the
refrigeration unit?
13. What i3 the purpose of the low-limit system and hou Zoes
it operate? .
14. What is the mecna of bearing lubrication in the cecoling
turbine assembly? s
185, °F ig considered a turbine overheat condition.
16, How 18 tha turbine protacted from an overheat condition?
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19.
20.
21,
22,

23,

24,

28,

ba
L5 ]

a7,

28.

0.

4-34

What is the purpose of the water geparator?

How i8 the water aeparator protected from damage due to
freezing if the low-limi: aystem faila?

5

Approximately percent of the "free” moisgture
ig removed by the water separator.

"Where are the air conditioning system components located?

»

How ig cabin temperature contrcl accomplished?

What type of thermoatats are used in the czbin temperature
eontrol system? 3

OF ig coneidered a duct cverheat condition.

How are the ductes protected from an overhect condizion?

What valve ig controlled by the flight station femzarziure
control switen? .

If cgbin tempercture (etither systen) cznrct 52 conzrsiial
gither cutometiseily or manusily, the prebadia czuce <&

a fatlure of the gsageidted :
dow would the fiight staiion temperature be gffezsaes <17
trg Sitgns atciion gergor Defomsa Siviy [soveres viza
duwadl) T

How would the cargo comparimert tempercture he af eszecd
1f the zontprol sengor in trne eqrge comvariwanc sangins
unts ocperned?

Fhat controle are used ¥0 regulcte cargo comparsmess
tempercture if the left-hand air gsoncizioning uri: ia
turned off? 3

Wwhat provides the signals to
indieator on Environmental

With the FLT STA AIR FLOW switeh in "NORM" and the AR
CORD MASTER switch in "BOTH," the air flow Jdistribution
from the right-hand system <is _percent to the
flight station and rercent to Lhe earze

compartment.




Ja,

33.

34,

3s.

36.

4.

45,

46,

47.

€0,

(TRUE - FALSE) Changing the temperature in the [light
atation haas no effect on the carge compartment aince ¢
two eyatema are independent.

¥hat controla the flight station clternate air valve’?

The floor heat system receives air from the

The underfloor area ie protected from overheat by
which actuates at P and causes

The switeh normally controls the “loop
heat system, but the valves ecan be overridden 3y
and .

What type of vaive ta the floor hect regulator velve ani
how t8 <t controlled? .

What type of valve ia the floor heat shuto?”® valve and

how 18 Lt controlled? :
The atr for ram cir ventilation somea from tha -hnnud
ram air inlet cxnc is cistributaed throush k2 wrand
syatem diatridution ductse,

Whare ieg the conneesion for g grouni gis sgniisicnivg
azr: located?

EOW T8 Qociing of Irne cigosrieds Scwismans asas-plidiiz
Jrere is tiz foil indieelon tignT Ffor zhe sleszriiz:
Fquiprient SHciing aysses sdgavec? :
When would the electrical eguipmern: 2ooling zyzzem “uil
lignt be illumingted? >
% 2 1+ - ) v - - ] - e el R T -3
How 18 cocling o the glactronice egquipmens cocompiighel:

What tndicetion, if any, would be given if the e.szsronics
equtpment cooling syetem flow control valve Ffailei 2o

energize upon touchdouwn?

What failure indication(s) ts (are) given i* the No

electronice equipment cooling fan fails cduring “lighs
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43,

§0.

“valve has failed to energize?

#hat component(s) would be suspect i7 the AVIONICS
Fatlure <indicgtor lights {lluminate upon touchdown?

Refer to question No. 48. What would be the easieat
method of determining whether or not the flow control

Rafer to guestion No. 48. What would be the ecsgiast
method of determining whether a Ffan has fatled?
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PRESSURIZATION SYSTEM

Pressurizing an aircraft means keeping the pressure inside at a higher
value than the pressure outside or maintaining the cabin at a lower
altitude than the existing aircraft altitude. Pressurization of the Star-
Lifter is accomplished by sealing the fuselage, providing a constant
input of air, and rezulating the outflow, The air conditioning systems
provide the input; the pressurization system controls the cutflow,

The metal seams, fixed windows, and similar structures in the fulelage
are permanently sealed against air leakage. A rubber flap-tvpe szeal is
used on the ramp and aft pressure door. A pressurized rubber seal is
used on the crew entrance door. Cabin air inflates the seal through a
series of small holes in the seal itself, This action ensures positive
sealing of the door when the cabin is pressurized. It is necessary to
maintain goed sealing of the fuselage at all times to ensure good efficiency
of the pressurization system. Any time repairs are made to the fuselage,
ecare should be taken to clean and seal the repaired structure.

It is desirable to maintain the cabin altitude as near sea level as possible
However, a differential pressure of 12 pounds per square inch i5 required
to maintain o sea level cabin pressure when the aireraft is ot 26,000 feet,
Even though this pressurs appears smail, it produces a forge of 1723
pounids on each square foot of surface area. To withstand such a pressure
safely, the fuselage would have to be of sufficiently heavy construcrion to
withstand twice that amount of prossure. 1t is much more sractical ro
build a lighter structure and limit the diffcrential pressure to a lesser
value. This procedure means that a sea level cabin ean be maintained
only until the aircraft reaches a specified altitude. Above this altitude,
the cabin altitude must also rise in order to prevent further pressurization.

A normal maximum differential pressure of 3, 2 psi is used in the Star-
Lifter. With this pressure, a sea level cabin altitude cin he maintained
until the aireraflt reaches approximately 21,000 feet, and an 3000-foot
cabin can be maintained ai 40,000 feet. Other cabin altitudes and
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corresponding aircraft altitudes are listed in the following table:

Cabin Altitude Aircrait Altitude
-1000 feet 19,000 feet
1000 feet 23,000 feet
2000 feet 25,000 feet
4000 feet 30,000 feet
6000 feet 35,000 feet

Cabin pressure is normally controlled automatically. However, the system
permits the operator to select desired cabin altitudes and rates of change., An
altitude adjustment on the automatic pressure controller, as shown in Figure
5-1, permits altitude selections of from minus 1000 feet to 10,000 feet. A rate

FIGURE 5-1, CABIit PRESSURE CONTROLLER

[ ]

adjustment permits cabin rate-ol-ciange selections of from 200 to 2000 feet per
minute. A pointer on the {ace of the controller displays the selected 2abin
altitude and corresponding aircraft altitude at maximum differential pressure,
To protect the aircraft structure from excessive differential pressure, a
limiting device is built into the controller which automatically limits differential
pressure to 8,3 psi, regardless of the altitude or rate selections. Figure 5-2
shows the various differential pressurcs for corresponding aireraft and cabin
altitudes.
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Several safety features and backup devices, incorporated into both the aircraft
and the systems in order to provide maximum protection for the aireraft and
flight personnel in the event of a component malfunction, follow:

o In order to ensure that the fuselage structure can safely be pressurized
to 8. 3 psid, the structure has been proof-tested at 17 psid. In addition,
every fuselage is pressurized to 12 psid after assembly,

o The aircraft pressurization system depends on the air conditioning
systems for its supply of air. This air supply is sufficient to ensure
a 10, 000-foot cabim altitude at 40, 000 feet witli one system inoperative,

o The automatic pressure controller contains a high differential control
which limits cabin differential to 8.3 psi any time the aircraft altitude
exceeds the corresponding altitude for a given cabin altitude or rate
selection,

o A manual pressure controller is included in the system and can be used
~to control cabin pressure if the automatic contreller fails.

o Two outflow valves are used to regulate air flow out of the aircraft.
Each valve f:nntams a snfet}r relief mechamsm wh:ch aetua.es at 3, ;a

wn:h one valve mupuratwe.

S

o

A cabin altitude limit control is also incorporated intc each outflo
valve. This mechanism will modulate the valve tn maintain a 12.0 {--;-
foot cabin altitude in the ovent of a svstem malfunetion which would
tend to hold the valve <pen,

o The fuselage is built to withstand high inside pressure pushing out - not
high outside pressure pushing in. Since it is possible to obtain a
negative differential pressure under coertain operatinoonditions. two
separate valves are installed in the fuselage to limit this negative
cifferential to a maximum of 0. 4 psid.

o Since cabin altitude cannot be selected over 10,000 feet on the
automatic pressure controller {and would not be over 8000 feet under
most normal operating conditions), a CABIN PRES LOW warning is
provided whenever cabi: altitude exceeds 10,000 feet,

o Automatic circuits are provided to depressurize the aircraft upon touch-
down in order to prevent inadvertent pressurization on the ground.
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SYSTEM COMPONENTS -
The pressurization system consists of the following:

o Two combination outflow/safety valves

o Jet pump pressure regulator

o Control venturi

o Automatic pressure controller -

o Manual pressure controller

o Two negative pressure relief valves

In addition to these components, the system also contains the following
components for depressurization:

o Control fan and venturi
o Low pressure dump solenoid
o High pressure dump sclenoid
Indicators are provided to permit the flight engineer to monitor the system
operation, as follows:
o Combination cabin altimster and differentiz! pressure gaze
o Cabin rate-cf-climb indicator

o Cabin pressure low warning lizht

The cabin rate-of-climly indicator and the controls for depressurizaiicn are
located on the upper Envirenmental Contrel Panel. The lower panel contains
the autematic and manual pressure controllers, the cabin altimeter and
differantial pressure indicator, and the cabin pressure low warning vk

Ing ik

Outflow /Sufet Valve

Two outflow valves are used to regulate cabin pressure by controlling the air
flowing out of the cabin. Both valves are located on the bulkhead above the aft
pressure door, one on each side. They are air-actuated, poppet-type valves
and are spring-loaded closed. A source of negative pressure is recuired for
control. Each valve contains a built-in jet pump, a pneumatic relay, a safety
relief valve, and an aneroid valve for cabin altitude limit control, and a cabin
altitude limit override diaphragm. A cutaway view of the valve is shown in
Figure 5-3.
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Operation

The outflow valve is normally controlled through actuation of the pneumatic
relay. This mechanism is actually a small control valve which is activated by
pressure signals from the pressure controller.

Cabin air is sensed in the head chamber of the valve (on top of the poppet)
through a cabin vent and filter. The actuator chamber (on the bottom side of
the poppet) is also open to cabin pressure through holes in the poppet. When
the pneumatic relay is open, the jet pump evacuates the head chamber of the
valve, which allows the higher pressure in the actuator chamber to push the
poppet open against the spring. When the pneumatic relay closes, the head
chamber again fills with cabin pressure through the cabin vent, and the spring
closes the poppet.

Cabin pressure and static pressure are sensed on opposite sides of the safety
relief valve actuator diaphragm. If cabin pressure exceeds static pressure by
a differential of 8.3 psi, the diaphragm pushes against the spring to open the
relief valve. This action allows the jet pump to evacuate the head chamber of
the outflow valve to open the poppet. At this time, the outflow valve functions
2s a pressure relief valve to prevent cabin pressure from exceeding the
maximum allowable limit, When cabin differential drops below 3. 3 psi, the
safety relief valve closes, which allows the outflow valve to revert to its normal
funetion 4s a pressure regulator,

An aneroid valve is used to provide eabin altitude lbmit control in the event of a
system malfunction which would cause the outflow valve to open and denressurize
the aircrafl, If such a maliunction oceurs and cabin pressurs decreases o an
equivalent altitude of apprextmatelv 12,060 fest, the anersid valve onens. Cahin

ot A

pressure can then enter the | 3
- [ FEeuy By - | S —

event a further decoezse incabin pressuse

Lambor o7 the autflat: —alea oa o
C-t- D O e BRESOR -TERYE WM

-y

i
ks *5y
v 14

=
back toward closed in order tap E5LMe,
This altitude limit control can be overridden, hawever, if depressurization is
desired. High-pressure air, anplied fo the override diaphramn, couses the
a0 bloei the passage ol cabin-atr into the fread cheombop;
The head chambers of both vilves are connected <o the svstem control fan and
venturi, This unit, used to open the valves when the aircraft is on the ground,
is also controlled through certain positions of the AIR COND MASTER switch.
A rubber flap-type check valve in each outflow valve prevents a loss of head
chamber pressurs through the control fan and venturi when theunit is not
operating.

A cartridge type [ilter is used on the cabin vent in each outflow valve. The
filter should be changed periodically to ensure proper operation.
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Jet Pump Pressure Rerulator

The high pressure air, used by the jet pumps and cabin altitude limit control
override diaphragms in the outflow valves, is supplied from the bleed air
manifold. A pressure regulator is installed in the supply line to provide a
source of constant pressure for the jet pumps and to protect the altitude limit
override diaphragms. The regulator, shown in Figure 5-4, is located on the

aft right-hand side of the center wing box beam section in the cargo compartment.
It regulates at 15 psi above cabin pressure and includes a 26 psi relief valve.

vent

L

from

bieed air
maniFmiﬂ¢

|
|

‘u.f "

i

[

e
E ;
- |'
¥ |
FIGURE 5-L, JET PUMP PRESS!RE REGULATOR

Control Venturi

A venturi is usecd to supply the negative pressure necessary for controlling the
outflow valves. It is located behind the fuel control panel at the flight engincer's
station and is attached to the aircraft skin. With the air conditioning systems
operating, cabin air flows overboard through the venturi. This airflow creates
a slight negative pressure (a few inches of water) at the throat. The negative
pressure is supplied to both pressure controllers and to the low-pressure dump
solenoid valve.
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Automatic Pressure Controller

The automatic pressure controller is the normal control device for cabin
pressurization. Shown in Figure 5-5, the controller is divided into two main
chambers: the rate chamber and the control chamber, separated by the rate
control diaphragm. The two chambers are connected through a rate control
needle valve by a passage which bypasses the rate diaphragm.

control negative static
pressure pressure pressure

. 2 $ hd adj

fFilter —1 |

isobaric
metering
valve —L|

control
chamber —_|

-

rate
SDT‘"IF‘I{}-.__.__I

rate 4|
chamber l
]

isobaric
bellows—d4]

o T
Wl
I

control _
neadle in

, abin

FIGURE 5-5, AUTOMATIC PRESSURE CONTPOLLER

1
|
|
|
rate ‘
|
L

1
d » B = I 5 c

T

-
o

The rate chamber is in the front of the controller and contains the altitude
selector control and spring assembly, the ischaric bellows, a lever assembly,
and the rate control needle valve. All of the control lines connect to the control
chamber on the back of the controller. This chamber houses the isobaric
metering valve, the rate filter, and the differential control diaphragm and valve
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assembly, Springs are used to connect the iscbaric metering valve to the rate
diaphragm and to the lever so that the valve can be controlled independently by
gither the lever or the diaphragm.

A static pressure sensing line connects to the differential control diaphragm.
Negative pressure from the control venturi is supplied to the isobaric metering
valve. The third line is the outflow valve control line that connects the control
chamber to the pneumatic relays on the outflow valves through the manual
pressure controller, Cabin pressure is sensed in this line through a vent and
filter’ on the manual controller. Thus, this line provides cabin pressure both
to the pneumatic relays and to the control chamber of the pressure controller.
It also provides negative pressure to the pneumatic relays when the iscbaric
metering valve is open.

The rate filter should be changed periodically to ensure proper operation of the
controller,

Cperation

Operation of the pressure’controller can be divided into four categories:

o Isobaric range of operation
o Rate range of operation .
o Differential range of operation

o Unpressurized range of operation

Isobaric Ranze - In the isobaric range of opcration, the pressure contzollsr
operates to maintain 2 constant cabin altitude recardless of alroraf: aitirude,

An isobaric range of operation exists whenever cabin altitude is peing maintamed
at the selected altitude, and the aircraft is between that altitude and the
corresponding aircraft altitude at maximum differential pressure. The isobaric
control mechanism consists of the altitude selector (2 threaded siiaf with a nus),
the selector spring, the isobaric bellows (an evacuated aneroid), and the lever,
Opposing forces are applied to the lever by the spring (which always pushes) and
the bellows (which always pulls). Cabin pressure, from the control chamber,

is admitted to the bellows through the rate f{ilter and needle valve. Whenever
cabin pressure, sensed by the bellows, is equal to the altitude selection, the
lever is "balanced." When cabin pressure is less than the selected altitude, the
selector spring pushes on the lever to move the metering valve toward closed,
This action reduces the supply of negative pressure to the outflow valves so that
they move toward closed and permit cabin pressure to increase. When cabin
pressure is greater than the selected altitude, the higher pressure causes the
bellows to contract, which pulls on the lever and allows the metering valve to
open. This action supplies greater negative pressure to open the outflow valves

#
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and decrease cabin pressure. A mechanical stop on the lever limits the
movement of the metermg valve to_baut 0. 020 inch,

Rate Range - In the rate range of operation, the controller opérates to control
the cabin pressure (altitude) rate of change independently of aircraft's altitude
rate of change. Since the only way that cabin pressure can be sensed in the
rate chamber is through the rate control needle valve, this valve can be used to
control the rate at which air enters or leaves the chamber. By controlling this
air flow rate between the chambers, a differential pressure is created across
the rate diaphragm, which causes the diaphragm to move and position the
metering valve. This action causes the outflow valves to be positioned so as to
regulate the outflow of air and produce the desired rate of change, Two relief
valves in the rate diaphragm limit the differential pressure on the diaphragm to
a maximum of 2 psi, which is done to protect the diaphragm from excessive
differential pressure during rapid changes in cabin pressure. When starting
from an unpressurized condition, the rate control has no effect if the aircraft
rate of change is less than the selected cabin rate during ascent or greater than
the selected cabin rate during descent,

Differential Range - Whenever the aircraft goes above the isobaric range selected
on the controller, the differential control causes cabin altitude to rise at a rate
corresponding to the aircrait's rate of climb. Static pressurec and cabin pressure
are sensed on opposite sides of the differential control diaghragm. As cabin
differential increases, the diaphragm pushes back against the spring until, at

8.3 psid, the valve is agninst the stop. Any further increase in differential
pressure causes the diaphragm to move farther which opens the valve. Control
chamber pressure is then vented overboard, which creates a negative pressure

in the control lme to open the outflow valves and decrease cabia pressure, When
the differcntial drops back 10 icss than 8,0 psi, the differentizi control valve
closes.

Egﬂesﬁﬁrtzeg Range - An unpressurized range of operation exists when the cabin
altitude selection is higher thon the actual aircraft altitude. TRotating the altitude

selector clockwise (higher cltitude) decreases the push of tha selector spring.
This action allows tkbe bellows to contract and open the metering vaive, I the
aireraft remains below the selected cabin altitude, the sressure on the bellows
cannot aecrease sufficientiv to let the bellows expand and close the meteriag
valve. Thus, the outflow valves remain open to keep the aircraft unpressurized.

Manual Pressure Ceontroller
A manual pressure controller is located on the lower Environmental Control
Panel to the left of the automatic controller. It can override the automatic

controller and can be used to control cabin pressurization if the automatic
controller fails, Shown in Figurc 5-0, the unit contains a camshaft and two
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FIGURE 0-0, MANUAL PBZSSURE COHTROLLEE
vaives., Cabin pressure i3 supphod 1o one of the vilves theough o vemt
filter. A small port through this valve provides cabin pressure scusing o tiw

automatic controller. XNegative pressure (rom the control ventur: i5 suppliod
to the other valve. A pointer on the [ace of the controller indicates "DECREASE, ™
HAUTO, Mamd VINCREASE." Aceartyitze=tvne Hiter is used nathe eabin vont,
It is identical to those on the outflow valves, and shouid be changed periodizalls

Operation

In the "AUTO" position, both valves are closed. The control must be in this
position when using the automatic eontroller, Rotating the contrel knob
counterclockwise to "DECREASE" opens the nesative pressure valve and supplics
negative pressure to the pneumatic relays te open the outflow valves. Rotating
the control lmob clockwise to "INCREASE" opens the cabin pressurc valve and
supplies cabin pressure to the pncumatic relays to close the outflow valves.

Rate of change is controlled by how [ar the control knob is turned.
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SYSTEM OPERATION

Figure 5-7 shows a flow schematic of the pressurization system. The following
example illustrates system operation for a given set of conditions. It must be
kept in mind, however, that operating conditions are constantly changing. For
example, the outflow valves modulate continuously in response to changes in
cabin differential pressure as the aircraft changes altitude or flies through areas
_ of high or low atmospheric pressure. The position of the valves at any instant
may depend upon several conditions which are changing simultaneously. For
the purpose of this explanation, it is convenieat toc consider only one variable
condition at a time, even through such a situation would seldom actually exist.

It is assumed that the zircraft is ready to take off with the doors closed and the
air conditioning systems cperating.

To start, the pressures in all the chambers are equal. With cabin air flowing
through the control venturi, a negative pressure is produced in the control line
to the isobaric metering valve in the automatic controller. Selecting a cabin
altitude that is higher than field elevation reduces the spring load on the isoharic
bellows, which allows the bellows to contract and open the metering valve. This
action produces a negative pressure in the control line to the pneumatic relays
to hold the outflow valves cpen.

As the aircraft begins to ¢climb, the absolute pressure in the cabin starts to
decrease. Since the control chamber in the automatie controller is vented to
cabin pressurs {through the cabin vent and filter (n the monual controller),
control chamber pressure also begins to decrease. This causes air to fow
from the rate chamber to the control chamber, thereby deereasing the rote
chamber pressure algo, I the girernft rate of climb iz fnstew thes the sslosie
fate Zox the oabin, she Dow of cie frern the ratechiambe= 19 the-conlroi chiors yus
is resiricted by the rate needie valve. This action causes the pressure drop in
the rate chamber to lag behind the pressure drop in the control chamber. Thus,

a difforential ; scssure is created across the rate dlaphragm to move the
meteriaz valve toward civsed, which redyces the negative prossa

2 sressure Inthe cono

Em e ew w W ow

line to the pnewnatic relavs, The ocutilow valves then move toward closed to
restriz: the outflow of cabin air, thus maintaining a higher pressure inside the
cabin in order to achieve a slower rate of change,

NOTE
Singe the rate selector < net calidbrzzas, *he
rate control may be set at the 12 o'clock

poaition initially. (Thie setting produces a
rate of change of about 500 fpm.) After a rate
of change is establiehed, it may be adjusted
more accurately by monitoring the cabin rate-
of-climd indieator.
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As the cabin reaches the selected altitude, the reduced pressure in the rate
chamber allows the bellows to expand and move the metering valve further
closed. This action reduces the amount of air that the control venturi can draw
from the control chamber; pressure equalizes across the rate diaphragm, and
the metering valve seeks a balance position determined by the altitude
selection. In this position, the absolute pressure maintained in the controller
operates the outflow valves to hold the desired cabin altitude,

For descent, the pressure controller is set for a cabin altitude slightly higher
than field elevation. When the altitude selector is rotated counterclockwise
for the lower altitude selection, the selector spring is compressed so that it
pushes on the lever to move the metering valve toward closed. This reduces
the negative pressure to the pneumatic relays and the outflow valves move
toward closed, which allows cabin pressure to increase. If the pressure
increases at a faster rate than the selected rate, the rate needle restricts the
flow of air into the rate chamber so that the pressure increase in the rate
chamber lags behind the pressure increase in the control chamber, Higher
pressure on the control side of the rate diaphragm opens the metering valve,
which allows the control venturi to evacuate the control line to the pneumatic
relays. The outflow valves then move toward open to reduce the pressure
build-up to the desired rate.

When the pressure in the rate chamber increases to the equivalent selected
altitude, the bellows contracts to move the metering valve further open. This
action allows the control venturi to draw more alr out of the control chamber;
the pressure equalizes dcross the rate diaphragm; and the metering valve
seeks the balance position determined by the altitude selection. Cabin pressure
Is then maintained at the selected altitude until the aircraft drops below this
altitude at which time the aircraft becomes unpressurized.

The foregoing example assumes that the aircraft does not exceed the selected
isobaric range of operation. It should be remembered, however, that the
differential control overrides both the rate selection and altitude selecticn to
limit cabin press:re to 5, 3 psid,

Two conditions exist which can cause a negative cabin differential pressure
(pressure inside less than pressure outside). The first of these conditions
occurs when the aireraft is cruising in an isobaric range and then descends
rapidly to below the selected cabin aititude. (This situation takes place if the
flight engineer forgets to sct the cabin altitude back down upon-descent.) The
second condition occurs when the cabin rate of descent is slow and the aircraft
descends rapidly enough to "overtake" the cabin. In either case, the
pressurization system cannot react fast enough to prevent the absolute pressure
inside the aircraft from becoming less than the atmospheric pressure outside,

and a condition of negative cabin differential pressure exists,
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Two negative pressure re!’ _valves are installed in the aircraft to protect the
structure from excessive negative differential pressure, The valves are located
on the aft pressure bulkhzad jt :t above the outflow valves, one on each side.
They are 8-inch diameter dun'-flapper check valves that open inward, The
valves limit negative pressure to a maximum of 0.4 psid even with both air
ceonditioning systems ope ..ng.

DEPRESSURIZATION
»ontrol Fan and Venturi

Automatie depressurization non touchdown is provided by means of a squat
switch and the control fan an. -entu=i. Figure 5-8 shows a cutaway view of the

to outflow/safety valve
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FIGURE 5-8. CABIN PRESSURE CONTROL FAN AND VENTURI
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control fan and venturi and the electrical control schematic. The unit is located
on the aft pressure bulkhead between the two outflow valves. The throat of the
venturi is connected into the head chamber of both outflow valves through tubing,
When the fan operates, cabin air is pulled through the venturi, creating a
negative pressure at the throat, This negative pressure evacuates the head
chambers of the valves to hold the poppets open.

As shown in the control schematic, the fan is activated through the energized
contacts of the No. 5 touchdown relay. This relay is energized by a squat

switch on the main landing gear strut assembly when the aircraft is on the

ground. The fan is also activated through the deenergized contacts of the right-
hand and left-hand low-limit temperature control relays. Since one or both relays
are energized if the AIR COND MASTER switch is in "APU,” "BOTH," LEFT,"
or "RIGHT," (as shown in Figure 4-5), the fan does not operate at this timme,
(unless, of course, the aircraft is on the ground)., However, if the master
switch is positioned to "ENG START," "OFF," or "RAM, " both low-limit relays

are deenergized, which applies power to the fan to open the outflow valves.

Air Conditioning - No Pressure

L N

Two methods of control are available to the operator if it is desired to operate
the air conditioning systems with no pressurization. One method i5 to select 2
cabin altitude on the automatic controller that is higher than the aircraft
altitude. This can be done, of course, only if the aircraft is below 19,700 Ieet.
The second method is to set the manual controller to full "DECREASE." It
should be remembered, however, that the cabin altitude limit control in the
outflow valves does not let the cabin depressurize to an altitude of more thaz
13,000 feet. If, for some reascn, it is desired or necessarr to flv unpres-
surized above this altitude, the CABIN ALT LDMIT ORIDE s‘..:'“l". must be uzag
in conjunction with the manual controlier. This switeh is Iocozed ¢n ths Cgmur
Envizonmental Control Pancl next to the AIR COND MASTER switch.
covered by a red guard. Pl:m:ng the switch in the "ORIDE" (override)
position energizes the No. 1! DEPRESS SDLE\TDED valve. When energized, this
valve admits hi-r"i-ﬂre=.~....ra. air to the cabia altituce limit sverside lapheasms
in the outflow valves.

ELE

Emergency Depressurization

Two red-guarded EMERG DEPRESS switches are provided for use if it becomes
necessary to depressurize the aircraft rapidly. One switeh is located in the
lower right corner of the upper Environmental Conirol Panel. The other switch
is located on the overhead console. Both switches are wired in parallel so that
emergency depressurization is accomplished if either switch is actuated. In
"EMERG DEPRESS, " both the No. 1 and No. 2 dump solenoid valves are
energized open as shown in Figure 5-7. The No. 2 valve permits the control
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venturi to evacuate the control line to the pnewnatic relays to open the outflow
valves. The No. 1 valve provides for cabin altitude limit override, which
allows the cabin to depressurize completely, Depressurization time from
maximum differential pressure is about 90 seconds. Figure 5-9 shows the
electrical schematic for emergency depressurization.
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Manual Emerovney Donrassurization

A depressurization hkatch is installed overhead in the forwarc end of tiw sarge
compartment as shown in Figure 5-10. The hateh is cable-actuated open by 2
iee=-handle vn the overhead console. It may also be opened from the earzo

compartment. The haich'is hinged on the iorward side so that it dpens into the

airstream. When the hatch is opcned, the aireraft depressurizes from
maximum differential pressure in approximately 15 seconds.
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Low=Pressure Warning

Two CABIN PRESS LOW warning lights are provided to warn the crew whenever
cabin altitude exceeds 10,000 fcet. One light is located next to the automatic
pressure controller. The other light is included on the pilot's annunciator
panel.” Both lights are activated by a pressure switch located under the flight
station floor near the electrical equipment cooling fans. When the absolute
pressure in the cabin drops to 10. 1 psia, the switch actuates and supplies an
electrical ground to illuminate the warning lights as shown in Figure 5-11.

annunciator panel

CABIN PRESS LOW

pressure Sw

S|+

5 g -

env cont panel

isol closes at
dc bus CABIN PRESS LOW 10,000 ft
cabin alt

FIGURE 5-11, CABIN PRESSUR

GROUND PRESSURIZATION

in

LOW WARNING

A ground pressure test should be made whenever a2 major component of the
pressurization system, such as ¢ controller or an outflow szive, is replaced,
This test ensures proper operation of the component. Pressurization 1o
maximum differential should be accomplished whenever any structural repairs
are made to the fuselage to ensure the structural integrity of the repair. Also,
a fuselage leakage test may be accomplished whenever it is deemed necessar:
to ensurc that the fusclage {3 adeguately sealed azainst leakaze.

A source of compressed air is necessary to operate the air conditioning svstemas,
The engines, the APU, or a mobile ground compressor may be used for this
purpose. The circuit breaker for the control fan and venturi must be opened
(pulled) to allow the outflow valves to close,

Component Check-0ut

Operation of the automatic pressurc controller may be checked by the selection
of a cabin altitude that is lower than the field elevation. Cabin pressure should
increase at the sclected rate to a value of 1 psi for cach 2000 feet, When the
controller is reset for a cabin altitude above ficld elevation, the cabin should

L1}
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depressurize at the selected rate.

Operation of the manual controller may be checked by rotating the control knob
to "INCREASE'" and then "DECREASE." Cabin pressure should increase and

decrease according to the selection at a rate determined by how far the knob is
rotated.

Either controller may be used for a check of the outflow valves. Cabin pressure
should increase and decrease according to the selections. During the test, a
visual check should be made to ensure that both valves are operating,

Pressure Test for Structural Repair

To check the integrity of a structural repair to the fuselage, the cabin should be
pressurized to maximum differential pressure. The manual pressure controller
must be used for this test. The control knob is set for a confortable rate of
increase, and the differential pressure indicator is monitored. The pressure
should increase to, and stabilize at, 8.3 psid. It may be necessary to operate
the engines (two) in order to have sufficient airflow to obtain maximum
differential pressure.. When maximum differential is reached, the controller is
set for a confortable rate of decrease to depressurize the aircraft. Emergency
depressurization may be checked at this time, if desired.

Cabin Leakage Check

To ensure proper sealing of the fuselage, a leakage test may be made whenevsr
it is deemed necessary. For this test, the electronics equipment cooling svstem
flow control valve must be removed and the discharge duct must be capped. The
fuselage is then pressurized as in the test for structural repair. When the
sressure reaches maximum differential, the z2ir conditioning should be shur off
with the SYSTEM SHUTOFF switches., The pressure drop irem 7.3 psi to 5.3
psi should be timed with a stop watch. If the time required for the 2 psi pressure
drop is less than 2 minutes, there is excessive leakage and corrective acticn
should e taken.

External Pressurization

The aircraft can be pressurized from outside, if, for some reason, it is
undesirable to do so from inside. An external ground pressure test fitting is
provided in the nose wheel well for this purpose. A mobile ground compressor
can be used to supply compressed air directly into the fuselage. Gages may be
connected so that the differential pressure and rate of change can be monitored.
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15.

16.
17.
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STUDY QUESTIONS

The term "fsobaric" means

"Pressurizing an airerafi"” means

-

During flight, the air used to pressurize the Starlifter

i8 obtained from

Cabin preseure is controlled by

The StarLifter ocan maintain sea level presaure in the

eabin until the aireraft reaches

feel,

An
at 40,000 feet.

A normgl ma=zimum 1
i8 used in the Stariifter.

#hat pressure should the manifold
if the airerc®t is at 21,000 feet
Approzimazely pei,

cifferenticl pressure of

foot cadin altitude cen be maintained at

paid

pregsure indiczitor snow

gné elimding? Ana:

What ts the force ezerted against the crew aenirance door
(approxzimataly 30 = €0 ineches) at a differenticl pressure
of 8 pet? Ana: pounds.

What <8 the purpocse of the outfiow valves

What is the purpose of the control venturi?

Wnhere is the control venturi locates?

what f8 the surpco8e 0 the Control “gn ansd vensuni?
Where <8 the control fan and veniuri csesemiiy locagres?

The tscbaric range of the pressure controller is selactive
from faet to fegt ozxpin altizuce.
The cabin rate selection limits are to fom.

What is the function of the differential contrel in the

gqutomatic pressure controller?

VOL. 1V




.

18, Refer to No. 17. At what preesure does it operate?
paid.

18. At what pressure do the safety valves relieve? petd.

oy

20, HWhat ie the purpcse of the cadin agltitude limit control?

e -

21. Refar to 20. How does it operate? .

22. Bow do the safety valves operate to provide overpressure
relief? .

éé. What ie the purpose of the pneumatic relay in the outflow
valve? .

L]

24, Does the AIR COND MA taeh in agny weay control
n?

pressurtizatio

25 What units in the aqutomatic pressure controller regulate
_the movement of the isobariec metering vglve?

‘l

26. How would cabin pressurizat
filter becomes clogged?

on be affacied if the rcce

2?. How would cabin pressurization

tye
'

L]

]
("
L]
113
M

b,
*
;]
"y
P |
L
o
i

relay diaphragm ruptured? :
38, List the aections tha: would icke zlzce <° zr gmarvrzaras
aepresasuriagtion suiich <8 poaiiiones ic "2EPRE3E.

in preggure Lovw warning aviteh loczse

Oy

29. Whare 18 the ca

30. The manucl emergency cepressurization hcten ia cotuccac

by located on -
31. Assume that the aireraft e sruieing in z normal,

presaurized condition. Suddenly, tne CAZIN PRISS LowW

warning lighte illuminate. What ghould the crew £o7
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. volume IV chapter

WING LEADING EDGE ANTI-ICING SYSTEM

The StarLifter wing is protected by an evaporative anti-icing system
which uses engine bleed air as the primary heat source. Basically, the
system heats the leading edge surface by using a jet pump to circulate a
mixture of bleed air and leading edge plenum air through double-skin heat
transfer passages.

Figure 6-1 shows a cross-sectional view of a typical wing leading edge
section.

fire ExtinghiShEr
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bleed ducts overheat

switch

FIGURE 6-1. WING LEADING EDGE SECTION
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‘The bleed air manifold supplies air to a modulating control valve which
regulates the airflow to the jet pump. The jet pump is comprised of u long tube
with a forward-facing row of 0, 040-inch diameter nozzles, spaced 40 per foot.
This tube, called a "piccolo tube," distributes the air throughout the leading
edge section. Figure 6-2 shows a typical piccolo tube installation,

FIGURE o-2, ANTI-ICING PICCCLO TUBE - WING

From the piccolo tube, the bleed air discharges through the noz-les into the
mixing section, where it mixes with ambient leading edge plenum air drawn in
by the jet pump effect. The resulting mixture Jows into the double-skin heat
transfer passages which extend along the upper and lower leading edge surfaces
to about 2 inches forward of the [ront wing beam. As the air circulates through
the leading edge, it flows outward and discharges through a hole provided in the

wing tip.
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The anti-iced surfaces consist of three leading edge sections on each wing: one
section between the engine pylons, and two sections outboard of the No. 1 and
No. 4 pylons. The leading edge section between the pylons is called the mid-
section; the section immediately outboard of the outboard pylon is called the
inner-outboard section; and the section nearest the wing tip is referred to as
the outboard section. The inboard wing sections, between the inboard pylons
and the fuselage, have no anti-icing provisions. Each anti-iced section is
protected by a piccolo tube supplied by a control valve. Bleed air is supplied
to the inboard end of each piccolo tube. Figure 6-3 shows the anti-icing
system component locations for the left wing. Overheat thermal switches are

mounted on the wing spar in each section along with control thermostats for the
valves,

ANTI-ICING CONTROL VALVE

All six anti-icing control valves are identical. A schematic cutaway view of the
valve is shown in Figure 6-4. It is solenocid-controlled, air-actuated, spring-
loaded closed, energized open, and modulated by a temperature sensing
pneumatic thermostat, The valve serves as a shutoff valve and as a2 modulating

temperature control valve. All of the valves are controlled by switches on the
Anti-Icing Control Panel.

ANTI-ICING CONTROL PANEL

The Anti-Icing Control Panel is shown in Figure 6-5. It is located on the left
side of the overhead console. In addition to the wing leading edge anti-icing
controls, it contains the controls for the ice detector, engine anti-icing,
emp-anage de-icing (which is electric), angle-of-attack de-icing, pitot heat,
and iti-icing of the total temperature probe. Three switches for wing leading
edge anti-icing are located along the bottom left edge of the panel. Just above
each switch is a group of four annunciator lights which allows the pilet te
monitor system operation.

SYSTEM OPERATION

Figure 6-6 shows a flow schematic of the system for the right wing. Operation
is manual in that the control switches must be placed in the "ON" position to.
activate the system., When anti-i~ing is no longer required, the system must be
turned off by placing the control switches in the "OFF" position, However, when
the system is operating, each valve is automatically controlled by its own control
thermostat. ]

Activation of the valves is accomplished in pairs: Two valves located at the
same wing station in opposite wings are energized by the same switch. There-
fore, symmetrical ice protection is provided by each switch if the pilot elects

to anti=-ice only o portion of the wing.
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During operation, each valve modulates in response to temperature signals from
its thermostat, which regulates the flow of air into its respective leading edge
section in order to maintain the specified temperature for that section., The
control settings for the thermostats are as follow:

Mid-Section 57°C (135°F)
Inner-Cutboard Section T1°C (160°F)
Cutboard Section T9°C (175°F)

When the control switches are placed in the "ON" position, the LEFT ON and
RIGHT ON indicator lights above each switch should illuminate. These lights
are illuminated through microswitches in the individual valves. I any one of
the lights fails to illuminate, it is an indication that the corresponding valve
has failed to open.
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FIGURE 6-7. WING LEADING EDGE OVERHEAT WARNING SYSTEM
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Excessively high temperatures within the leading edges could cause damage to
surrounding equipment (wiring, sealing, ete.). To guard against such a
condition, a bimetallic type thermal switch |s installed in each section to provide
a warning to the pilot if an overheat occurs as shown in Figure 6-7. The
temperature settings of the thermal switches are 88°C (190°F) for the midsection
and 105°C (220°F) for the two outboard sections. If a malfunction of a valve or
thermostat allows the temperature within a leading edge section to reach the
overheat themperature specified for that section, the thermal switch actuates to
illuminate waming lights on the anti-icing control panel and the pilot's
annunicator panel. When an overheat occurs, the pilot must shut off the anti-
icing for the affected section.

CAUTION

0 NCT CPERATE THE SYSTEM 0¥ THE
GROQUND. When the system i8 first
turned on, the control valves cpen
Ffully for a few seconds before the
control thermostais can gense the

-~ cemperacure and start controliing
the valves. ince there is no
cooling air flowing over the winge
tc dissipate the heat, the high
temperature of the bleesd cir suppl cted
during *he initial opening a; th
valves may cquee siructura dama
to the leciing edge sea:zara

0y 'li"l:

L

STUPY QUESTIONS
v AnTSedeina Fop tns wing esdiMgy 2Zze3 mibes Elsad gis
witn gmbians gir zo provida <ge eonsroc. !svui op
falae)
. WERS Sppe oF Tnesmoacacts ard uges 20 p2ancwol Shg swrio
:eing valvea? .
3. What are the conirol temperaiure sestiings for tha
various ilzading edge seciiona? .
4. What temperaiure ig considered an overteat within cie
regpecitive lecding edge sections ;

5. Wing leading edge anti-icing is turnaed on automatically
if ice ts detected. (true or false).

€. Wing leading edge anti-icing is turned off automatically
i1f an overheat ocoura. (true or falae),
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?, Where is the outboard section anti-icing contrel valve
loecated

8. What indication is givem if an overheat oceurs within a
leading edge section?

8. What indication is givem if an anti-iecing valve fails to
open when the eystem g turned on?

10. What access is provided teo the anti-icing syetem components
for maintenance purposes?

6=10 " VOL. 1V



L
H il

MISCELLANEQUS SYSTEMS

WINDSHIELD RAIN REMOVAL SYSTEM

The StarLifter is equipped with a jet blast rain removal system. The
pilot's and copilot's windshields are cleared by high-temperature, high-
velocity air supplied
through slot-type nozzles

at the base of the wind- )
shields. Bleed air is (RT_OVHT
supplied from the output BOTH

of the primary heat PILOT, oCOPILOT
exchangers. The system

is controlled by a switch 0FFe

on the overhead console

which provides individual

selections for the pilot . R
and copilot, Figure 7-1 FIGURE 7-1. RAIN REMOVAL SYSTZ:
shows the rain removal CONTROL PAMEL
system control panel.

Svsterm Comoponents

A flow schematic of the rain removal system is shown in Figure 7-2.
Four valves are used to control the supply and distribution of air 45 the
nozzles, A venturi s installed in each supply line to limis ai=T5w o3
maximum of 72 ppm in the event of a ruptured duct or component ma -
function, The two supply ducts join together in the center wing secti

form a single duct which then carries the air forward through Lf*e cargo
compartment and under the flight station floor. A J-inch diameier check

valve is installed in each supply duct just upstream of the junction.

Pressure Regulator and Shutoff Valves

A pressure regulator and shutoff valve is installed in each rain removal
supply duct in the center wing leading edge section. Figure 7-3 shows a
schematic cutaway of the valve. It is solenoid-controlled, air-actuated,
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FIGURE 7-2, RAIN REMOVAL SYSTEM

spring-loaded closed, and energized open.” When open, the valve regulates air
pressure to 20 psig. Both valves are identical, and both valves are opened
when the rain removal system is turned on.

Nozzle Shutoff Valves

Individual nozzle shutoff valves are installed in the system to provide rain
removal for the pilot's and copilot's windshields separately or together, They
are motor-driven butterfly valves, powered by 25-volt do, and are controiled
by the rain removal selector switch. The valves are located ia the nozzlc
supply ducts under the pilot's and copilot's side consoles. Access panels are
provided in the sides of the consoles at floor level,

Svstem Operation

The electrical control schematic for the svstem is shown in Ficure T=4. W hen
the selector switch is positioned to "PILCT," onlv the left-hand rozzie shus e

is driven open. In the "COPILOT" position, only the right-hand nozzle shutoff
valve is driven open. In the "BOTH'" position, both shutcff valves are driven
open. In all three of the "on'" positions, both pressure remulator valves zre
energized open to ensure a supply of air as long as there is an output from either
one of the primary heat exchangers,

Any time the system is turned on, power is removed from the NESA heat system
for the affected windshield(s) in order to prevent a windshield overheat condition.
However, if an overhzat condition does occur, a warning is provided, and the
pilot should shutoff the air supply to the affected panel. Temperature sensing
thermistors, imbedded in the windshield panels, activate the overheat warning
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system at a windshield temperature of 582°C (180°F). When activated, the over-
heat warning system illuminates appropriate indicator lights on the rain removal
control panel and the pilot's annunicator panel.

SMOKE DETECTION SYSTEM

A smoke detection system is installed in the aircraft to provide a warning if a
- smoke-producing, potential fire condition exists. Five smoke detectors are
strategically lecated throughout the fuselage, If smoke is detected by any one of
the units, warning lights are illuminated on the Smoke Detector Test Panel and
on the Pilot's Annunciator Panel.

Components

The smoke detector system consists of five detector units, a control amplifier,
and the test panel. The test panel
is located at the flight engineer's
station and contains a selector

switch and a CARGO SMOKE ' SMOKE DETECT TeST
indicator light as shown in Figure NORM
7-5. The control amplifier is located 2 =)
under the flight station floor on the CARGO
left side. . SMOKE|! LI
i
a4

FIGURE 7-5, SMOKE TETECTION
TEST CONTRQL PAME]

b ! wad i Y

Cneration

Figure 7-6 shows the electrical schematic of the smoke detection svstem and the
locations of the detectors. The detector contains two lamps, a photo-electric
cell, and a voltage divider circuit. The illuminatien [rom the beacon lamp is
shielded from the photo-cell. When smoke enters the detector, it causes the
light to diffuse and striiie the photo-cell. Figure 7-7 shows the arrangement of
the lamps and photo-cecll. When light strikes the photo-cell, it conducts to
provide a signal to the control amplifier. This signal triggers a transistor
circuit which then energizes a relay to provide power for the indicator lights,

To test the system, the selector switch is rotated through the test positions
"1" through "5." In test, the test lamp is illuminated to shine directly on the
photo-cell and produce the required signal to the control amplifier. The
warning lights should illuminate when the switch is rotated to the first test
position and should remain illuminated through subscquent test positions until
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the switch is returned to the "NORM" position. The photo-cell continues to
conduct for three or four seconds

after power has been removed from

the lamp. It is therefore necessary

to pause at each test position to

give the previous detector time to
de-activate. The detectors may test

also be tested by holding a burning 1amp @
cigarette directly under the unit.

beacon
Tamp

phote
cell

FIGURE 7-7, SMOKE DETECTOR

Smoke Evacuation

To evacuate a heavy accumulation of smoke from the cabin, the flight engineer
should select "RAM'" on the AIR COND MASTER switch. This action cpens the
outflow valves to depressurize the aircraft for rapid evacuation of smoke, and,
at the same time, provides fresh air ventilation. A small, manually controlled
panel just aft of the pilot's windshield may also be opened to help clear smoke

from the flight station.
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Name the positions of the rain removal selcctor switch
and liet the vclves that are open in each poeition.
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