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FL1\'DAI\IE:-ITALS 

In order to undc:·st:lnd :ln'' subject, tts purpose and basic prtnciples must 
be known. Thts volw:1e cie:lls w1th pneumatics and the systems of the 
Star Lifter which use pneumatic princtples for doing worl1. 

Pneumatics is that br:~nch of science which deals with the physic:ll 
properties of ;::tscs. A pnl!um:ltlc system has four m:lJOr parts: 

o .\ cor.tpressor 

o A resen·oir for storin; the con:pressed ;;as 

o A c.:istnhuuon sys~er.1 to di:·cct :he ccr.-:prcss<:d gas tv the 
potm oi use 

7he ;.ls r.tos~ o~'tc~ '..lStd ·~ !!:~ .. t.·l~: o: ~r..~:tr.::t~!cs !s ::1.!· ·.·:h:~!: tS r::e!1:.: ... ~ 
:1~d is c:1s:t·. oht.lr:h:'"! ~"1~ c')rnn~t.:sse'! . ":" .. ;Jic .... :17)pltc::!C"r.t; : ::::e~:3.:.:~ 
t.~·e ,:~r., J'\r. .:1 :t::.. _- .. 

cro M P R E S S 0 R fl·-· .o..·-· - 1_·! _:P.:_::E:_S~E R:_:II:_::O~l.:_R j 
FIGLRE :-1. APPLICATIONS OF 0NEL~ATICS 

\ '0L. I\' 1- l 



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 ex-pand 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 nnrogen 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 colwnn of mercury about 30 inches htgh. TI1us, !:he 
pressure of the atrnosphere em be deternined by me::tsunng ~he height of the 
mercury colwnn. \Vhen the reading lS given directly in inches of mcrcur:-, the 
tenn generally used ts "barometric pressure:" The term "!nches o! m erc"Jr:·" 
is abbre\·iated in. Hg. 

Since ·veather =ond..i'-iO:'ls consL:tntly ci:'ln~e, t!le ~at~onal Aervn;lu::cs =u:cl 5p:tcc 
..-\dr.'l::1istra:ion has arct:raril·: c:toser. ccr:::un atrnos~her~c ~onC!::~:1~ ._:t desc:-1bi:-t.; 
w!:at ~s known o.s the ~ASA stanc:!a:C. Cay. These condi:ions ::u seale\'<:: ~:~e, :ls 
follows: 

o Atn-.ospheric P. ess<.~re H . -:l psi (2~. "2 inches o: ~erc·•.r::) 

o Temper:lture 15 "C (59 •F) 

o Density (weight) 0. 0765 pound per cubic foot 

'1 h"!.SS rP.{erence values are often used in computing information on the engines, 
air conditioul .. g sy!'tern, 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. 3-l 
psi, which Is about one-half of the atmospheric pressure at sea level. At 36, OOil 
feet, atrnospheric pressure is 3. 29 psi, or about one-half the pressure al1S,00) 
feet. 
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Atmospheric pressure :It other altitudes is shown below. 

o Sea Level - 14. 7 psi 

o 10,000 feet- 10.1 psi 

o 20,000 feet - 6. 75 psi 

o 30,000 feet - 4. 35 psi 

o 40, ooo feet - 2. 72 psi 

Under st:ando.rd lapse rate conditions, the temperature of the air decre:1ses 
approximately 3. s•F for every 1000-foot increase in altitude. This decre:J.se 
continues up to :J.bout 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 :J.lt!tude, the temperature Increases. 

PHYSICAL PROPERTIES OF GASES (Affi) 

When a volume of: air is confined in a cont:liner, 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 gre:~ter speed causes the molecules to 
collide with greater force, which results In a higher pressure lnd!c:nion as 
illustrated 1n Figure 1-~. 

EFfECT 

I' 

,I . 

11. 

~ ><£.t.T 

OF HEAT ON PRESSURE 

At const:1nt •1olwne, the pressure Increase is directly proport1o0:1l to the amount 
of heat added. I! the :J.ir is allowed to expand freely :ts the he:J.t is applied, there 
is no change in pressure, and the volume increase is directly proportional to the 
incr ease in temperature. 

\nother method of obt:lining :1 higher pressure is to confine a quantity of air in 
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a container and then reduco the volume of tho container. This action packs tho 
molecules closer together and causes them to collide more often. As more 
m olecular collis ions occur, ener gy in tho form of heat I& pr oduced. This boat 
is called the beat of compression. Thus, when air Is compressed, its pressure 
3Jld temperature increase in proportion to the decrease in volume as illustrated 
in Figure l - 3. 

. . . .. . . .. 
... ~___] . . . 

0 • ". 

L==::===::::=J 

· ... . . . ·. . .: ' ; . . . . 

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

If the heat of compression Is ctissipated as fast as It occurs so lh:lt the 
compression takes pl:lce :1t const3Jlt tempenture. the increase in pressure is 
ctirectly proportional to the decrease In volwr.e. 

TI1eso pressure-volume-temperature relationships are defined by the 
characteristic ;;as equation: 

where 

? v 

T 

P Is total pressur e 

v is specific volume 

T Is total temperarure 

R is a constant. 

= n 

:\lEASL"RDlE::-IT OF PRESSL"RE 

Three types of pressure gages commonly used on aircraft are the bour don tube 
type, the aneroid type, and the electrical ty~ . 

The bourdon tube is a hollow. oval- shaped tube with the :nner end clcsed . bent 
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into the shape of a question mark. Th!l closed end is connell ted to a pointer 
mcch:~nlsm :1s shown in simplified form in Figure 1-·L When pressure as :1pplacd 
inside the tube, the tube c:~.-p:mds :~nu 
uncurls. This movement is transfered 
through a gear mechanism to the pointer. 

The aneroid-type gage consists of a 
hollow metal ch:unber connected to a 
pointer mechanism. The ch:unber can 
be either a bellows type or a disk type. 
The disk type is made of two dish-shaped 
met:l.l 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 evac·Jated. 
As the pressure around the outside of the 
bellows incre:tses or decreases, the 
bellows contracts or expands which moves 
the pointer. This type oi gage C:l:l be 

FIGURE 1-4 , BOURDON 
TUBE GAGE 

used to indicate pressures both above and below that of the sur ,-oundm;: 
atmosphere. A corr.mon use of the ~eroad type mstnunen~ as :!:e .1ircraft 
altimeter, whach senses at:no~pheric pressure and Indicates cor!'esponding feet 
of altitude. 

The clectrlC:ll type prcss"Jrc •ntlic:nor 
consists of a synchro tr:lnsminer :am: ::: 
s·~:h:o reCCJ\'•. :-. ?ress·.:::c c.1...;5'-=~ t~c 

.:-::ns":11t:cr !O 3e!~":! CC\rres::~"~n .... ::~; 
t:lcctrlc~: s1~:1ls to:.!".~..: rc~clvcr. In :!:c 

f>IJ1_r.tt;l' -V :r."'~\'1.: ::,-;~ 1:' ~1·~::,.:;..• , ···;:::)t: .. !) 

t:1at as s":ls!ld in tl:c t!':lns~: ·~c:· : . .mat. 

~.1!:.:\Sl:R. ~!!::>:T C..f TE:.I!PERATL"R£ 

Tc!n~cr::ut..:rc lS :t !~lc:tsure Dt t!11..: F!.'.,.;iC:1cc _..,i hc:1: 1: is u~~:tt:·: !':':t.::!su:ed by~ 
~hermometcr an dcl;::ees Co.:nu.;ro.de ('C) or clcc;~ees fahrenl~e:: ('f). Each of 
these scales is an :.ll'l>atrary one :.tnd e1 ther can be used ec;uatly we!! to indicate 
temperature. A comparison of the scales is shown m figure 1-u. The relation­
ship between the two sc:tles is sho\\'n m the followin~ formulas: 

F- 32 ., C I' = fJ/ i) c - 32 : c = 5/!l ( f - 3~) ; 
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 o! resistor called a thermistor. The thermistor is 
part o! an electrical circuit and Is 
coMected 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 

The density of air is Its wutght 
per unit volwne, such as pounds 
per cubic foot. At sea level on u 
standard day, a cubic foot of :u r 
weighs 0. Oi65 pound. Tlus wetght 
is the combined weight of the 
!ndiv:dual molecules. The nur:~~:r 
and force of molecular coll:s1ons 
cause the a!:- to haven ;>ressur<: oi 
!-i. 7 ps!. At highe:: a!t~:.cc!es 
where the :mracucn of ~;ras;t;: :s 
less, the molecules of air are 
spaced farther apart. There are 
fewer molecules per cubic toot, so 
the density Is less. Due :o t.'le 
lower density, molecular collisions 
occur less often. Hence, the 
pressure is less at these htgh~r 
altitudes. A cubic foot of :lir :lt 
30,000 feet, !or example, wetghs 
only o. 0286 pounc ::me h.'ls :1 

pressure of only 4. 35 psi. 

F c 

212 100 

176 

140 

20 

32 

~" ---

-60 

~ 
FIGURE 1-6. COIIPARISON 

OF FAHRENfJE!T AND CE:lT!GRADE 
TE'!P£ph-.. ~cs ,,_. I "', •'-

Since air expands when subJected to heat, temperature affects denstty. When the 

VOL. IV 

I 



temperature is high, the molecules spread farther ap:ut. Therefore, the air 
density is less on a hot d:~y than on a cold day, and the prc.ssure is lower. 

The amount of moisture in the air (humidity) is another condition which aUects 
density. Water, JE_the ~state, weighs les~ than v.ir. Therefore, a cubic 
foot of air with a higher humidity weighs less than a cubic foot of air witll a 
lo'!!er humidity. Hence, air with a higher humidity has :1 lower pressure than 
air with a lower humidity. 

EFFECT OF COOLING ON RELATIVE HUMIDITY 

Relative humidity is the ratio of the amount oJf moisture actually contained in the 
air compared with the amount of moisture the air is cap:1ble of holding at any 
given temperature. Air at a high temper:~ture is cap:~ble of holding more 
moisture than :~ir at a lower temper::tture. lf the actual w::tter content is not 
changed, relative humidity increases as temperature decreases. If the tem;>~r­
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 pomt. 

COM PRESSOR-:-rAXIFOLD RE LA TIO:-JSH.IP 

\Vhen a volume of air is compressed, the compression can continue only until 
the rising pressure equals the compressing force . !n practice. this condition is 
not 1llowed to happen; if Ll did. the compresso:: •,•.-ould stop. At ;i:e en(; of the 
compression cycle. ::t:r is d~li·:c:-ed :u a deiinite pressure dependent upon :h~ 
co;npression r:uio of the co:npressor. This r:ttio is based en the nt.:..rnbt...: ,: 
:;rncs the 3ir '.'oh.: .. :ne l$ ~ccrco.s~c! .. n.::ing comprcS3iCn :-ts shf.'wn .:1 F:.;u!·~ . -7. 

-==L I 
: 5 --

PSIA ~- , 

I, . 

-h 
lli 

'. I '~ 1 3 5 
I'======-"· - ;> S : ,_! .... ~0 

9 cu. 10. 1 cu . in. reservoir 

FIGURE 1-7, COMPPESS!ON PATIO 
In a pneumatic s~:>·.cm. c-:>mprcsscd ai:· IS clcli\·ct·cd to a ro.:s.::·vo,:· or l-:Janoiolc, 
where it is stored until read-'· for usc. A mc:lns of bypnssmg the air is gencr:~!ly 
provided to prevent comprt<ssor stall when the manifold pressure approaches the 
pressure delivered by the compressor as shown in Figure 1-S. 
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BO PSI 
relief 
valve 

0 0 
0 0 .. compressor ii 100 PSI -I 

- bypass 

manifold 
80 PSI 

I r 

shu to ff 
e \al v 

3:. 

FIGURE 1-8. C0'1PRESSOR-11AN l FOLD RELATIONSHIP 
Thls bypass feature keeps a constant air load available to the m:mifold, 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 alv.-ays flows from the poiDt of highest pressure to the 
point of lowest pressure. When air flows through a duct, there is a definite 
relation~hlp between its velocity and its pressure. If the dt:ct narrows, the 
velocity increases and the pressure decreases. A duct which is shaped to make 
use of this characteristic is called a venturi. In Figure l-9, the system flow ts 
from point A to point C. 
At pol!lt B. the "throat" of 
tiJe venturi, velocity in­
creases and pressure de­
crc:~ses. System !low rate 
ce;:cnds en t."te p:-cs.i.lre 
c!Hferenct! be\we"n po1:1t A 
:md poL"lt C. The !1ow r:!te. 
=~ t".!~~. c!ete:-::: ~.:1es vr.:ti 

:.he ;>rcssu~·c- ....:o;; ·.~ i!..L be 
at the throat. With a high 
rate of flow the oressure 
"irop !S ~ ·t.. .,..!' ~h:l.~ w:t.~ 

high 
pressure 

·c,.,~,on· 

·~eloclty 
i~:reaseo 
velocity 

=!GU~E 1-9. VENTURI 

high 
pressure 

e c 

'ow c ~o~ 
velocity 

P0 ! 'lC I PLE 

a low rat!! oi flow. With no i!ow, of course. tbe pressure is the so.mc throughout 
th·~ duct. 

A jet pump (ejector) ts a device which makes pr:~ctic:tl :lpplicatton oi :he 
pressure drop i:1 a ventur-i. U a tube is attached to the throat of the venturi, :t 

suct:on is cr():t!ed in :he t:.tbc due to the low throat pressure. anc:t the unit can be 
used to transfer flu1ds fr.:lm an external source. Th1s principle 1s used tn the 
common paint spray gun. 

A venturi whicb makes use of the velocity increase is 'ln excellent flow limiter. 
When air under pressure is applied to the venturi, the air flows through the Wlit 
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at a given rate dependent on the pressure. ,If the inlet pressure is mcrcnsed, 
the now nte incre3ses. This incre3se c3n continue until the design critic3l 
pressure is reached, 3nd the flow at the throat of the venturi reaches sonic 
velocity. At this time, :l shock wave is produced which creates a high back­
pressure, and the inlet pressure c:ln be further increased with no further 
Increase in flow. 

WHEATSTONE BRIDGE 

Tbe wheatstone bridge Is a b3sic but very important electrical circuit which is 
'often used in aircraft systems such as temperature monitoring, temper3ture 
control, and overheat detection. It is 3 series-p3rallel voltage divider circuit 
consisting of four resistors as shown In Figure 1-10. If R1 equals R2 and R3 
equals R4, then the current flow from B~ to ground 
is the same through R1 and R3 as it is through Rz 
and R4 and the potcnli3l (voltage) at point "A" is 
the same as the potential at point "B." SJ.nce these 
points 3re of equ3l potential, there is no current 
flow between them: the pointer therefore indicates 
zero 3Dd the brid:;e is S:lid to be balanced. If the 
resrstance value of one of the resistors ch:t:1ges, 
however, the br1dge becomes unbalanced, 3nd this 
condition is indica~cd on the meter, e. g. if the 
resisbnce of R4 incre3ses. the potential 3t point B 
Increases. Curre:~t flows through the meter from 
point B to point A. 3nd the pointe: deflects 
3ccordingly. If the resistance of R4 decreases, the 
potenti3l :n pomt !3 also decre~ses. Current flows 

B+ 
' 

' a . . / 

'Y" 
FIGURE l-lO. 

through the meter from A to !3 :md the pointer deflects in the opposite c;rect:vn. 

Th1s circuit is the s:un•' vat! used in the ~h;ctnca!-typc tcmper~:u::c md1c.::or 
discus sec p::c·::ousl)'. where R.; IS the r~::1ote!y 1oc3•~d :!1-!r:nis:_,:, 

If the coil of 3 rcl:ly ts cormected across the bridge in pl:~ce of an indic3tor. the 
current flow resttltln!: f::om :1n unb:ll:lnce concit1on IS used to ener~ize the relay. 
The rel:1y c:m thl>n be used to pl'oduce sor.~e wrthcr action such as dr1 vm:; :1 

\'alvc. A control winding oi :1 magnetic :1.-npli!ier (a spcci3l :1pplicatton oi :1 

transformer) can also be connected across the bridge. This type c1rcu1t IS 

commonly used in temperature control systems. 
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DEFINITIONS 

Certain terms used m this manual are defined as follows: 

Absolute Pressure - Total pressure measured from a value of zero pressure 
(co~plete vacuum), destgnated as psla. It equals atmospheric pressure plus 
gage pressure. 

Absolute Temperature- Total temperature measured from zero degrees ac the 
theoretical point where no molecular activity exists. Taken tn 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 = "C - 273. 

Air - A combination of gases consistmg of approximately 21 percent oxygen, 7S 
percent nitrogen, and 1 percent other gases. 

Air Conditioning - Controlling the temperature and humidity of air. 

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

At!nosnhere - The mass of alr surrounding the ea:-th. 

Comoression - Reducin~ a given amount (weight) c f a subs:.::.~ce :o a .s~a~!e:­
volt:.."lle. P:lckmg :nore of a subst;.nce :m o a gl':en volume. 

Compression R:aio - ~umber of t1mes the \'Olumc is dccre:lso..'d J:.rin;:: a s:n.:cc 
com;:>rcss10n cycle. 

Oens1tv - Weight per unit \'Olwne, such as pounds per cubic loo:. 

Deoressunze (Such as an Air~ra.'t Cabml - To reduce the ns iC'" ;:res~u:-e ;o 
tha: of ambtent pressure.:. 

Differential Pressure - Difference between two opposing pressures. deS1g:1ated 
as psid. 

Gage Pressure - Measure of pressure (inside an enclosure) by a ;::t~e. 
designated as psig. 

Humidity- The amount of water or moisture in the a1r. (Sec Relative Hwmdity.) 

Isobaric - Designation given to a constant pressure level. 

1-10 
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Jet Pumo (Elector) - A devtce wltich uses the ventun prmciple to create a 
negative pressure or "suction." 

Negative Pressure- Term ::tpplied to a pressure (inside a cont::tincr) that is less 
than the ambient pressure. (A vacuum or partial vacuum.) 

Pneumatics - The branch of science that deals with the physic:ll properties of 
gases, part!cul::trly air. 

Pressure - The force applied on a unit are::t, usu:llly designated ::ts pounds per 
square inch (psi). 

PressurizP. (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 :he :nput 
pressure. The number of times the pressure •s incre::tsed. 

Relative Hwnidltv - The amount of water or moisture in the ::tir compared to the 
amount the a1r is capable of holding at any given temperature. (Always e:-.-;>ressed 
as a percent:tge. ) 

Specific Volume- Cubic magnitude per umt weight, such as cubtc :cot per pot.:..'lCi. 

NASA St:lnd:lrd Dav Conditions for Air :u Se:1 Level -

o Pressure 

o Te:npP.r:l\.arc 

o Density 

1-l. 13 psi::t (~9. 9! :n. H-;) 

:5 'C (59.F) 

Tt:mpen.turc- :'>1~:tsurc of the presence of hent, u;;t.::lllv tn(.:<:.:tec! :w 
thermometer ln degrees Centigrade ('C) or degrees Fahrenhet: ('Fj. 

Thermistor- A spect:ll type of .-cs!stor whose resist:mce vn~:cs ;:~o;::r:-::rn~::, 
wi:..'l tc::npcr:uurc ch:m;c. S:lid t.o h:1vc:! po.s~tl\·c cocffic.c~: .• ~·~.:;.~:::::~~ \::.:~!~:. 

directly with temper::ttcre and :l r.eg-:lti\'0 coefficient if restst::::ce v~r:cs 
inversely with the temper::tture. 

Volume - The cubic magnitude of :1 subst;1nce or ::tn enclosure (lcn;th tin:es 
width times hcr~ht), designoted as cubic inches, cubic feet, etc . 

Weight Flow- Wetghl (of ::tir) flowing by a gtven point i~ :1 grvcn pcnod of time, 
such as pounds per minute (ppm). 
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: 
STUDY QiJES'J'I'),VS 

1 . Pneumatics ie the branch of science that decZe with 

2 ,. Air consists of -----' 
____ , and 

.3. Aneroid typ<i instruments are operated by _ _______ _ 
pressure . 

4 . 

s. 

6. 

7 . 

a. 

l 2. 

At eea ZeveZ on the NASA standard cay, atmosoheric 
temperc:ture cn.i ~:Jress~:-e are ________ in. ?.g and 

. °C(. 0 FJ. 

When a~!' fZows 
veZocity 

!hrougn c ncrrow por!~on o; c dAc=~ 
and pressure· ··------------

wr.en a quantity of air is compressed, 
pressure -------~ and tempezta~ure 

voZume ______ , 
It ar. 2nc:os2~ cor.tcinsr o; ci~ ia au~jec=ec to 
temperature_, ?:-ess:~~e _______ , !emper~t:.~.~e 
and t'OZume 

_____ , 
:orp:.<!e 
2 6 :c 
Ar.s. 

tha out?U~ ~ag2 ?ressu~e ~~ a c~~~ress~r ~i~h = 
?:'ess~re r~~£o ;~ 

;>s-:.g. 

. . . 
:. s - ~ :- ., ,_ . 

:.-· c ....,,~::~.. ... e ~ ... · =:.::" :..s -=~r.;,~esJeC :o :; J.J .... cJ :.;,:~; :.~ ::;:c 
~~~rerar·-~~~ -~a·~~~e ~~ ~~~ ~c::e c_; !~c ;,~==~~~~; _... .. ,_,. ........... :': ..,-: .. 
'~esrt-e ==~o~?~e~:..~ ?:'Cssu:-€ ~s :s ?S~=· ~~s. ~s~. 

-.:- -; 1:2 c::.~ ..... - ~=l'!:..::r:~~ .. "J .:~r-:::-cs:e.:. .... T:: ?S::. 
~ s ~he ii::e ~ e~~~~ : p~e~~~~e on =~e ~c::s c : :;:e 
contai~er? (Assu~e amb~e~t ?ress~re is :& psia) 
Ar.s. ?S:.. 

;..·~::! is =- ·: e ......... -,.. . _.~ ~ ~c e o>: - o>:e .-.. ~c; 8~A::'rC C;.t.:-_-~:.~e "" ... J ... ., -wr..::er 

~'hat 
area 

= pyoe:;s:.cr~ 
~ _ .. 

J~J pa ~: A r. o. . 
is che =~taZ r.ev 
under a ?ressure 

;o~ce cc:~r.g or. c 
of S ?sic? Ans. 

";$!<":..:8. 

5 - .:~c-: 

?C:<-:cs . 

: J. :~ !he :J~ess·.re .;.ns .. ;iP a : ~ - c:t;; .. ;c .-.. ~o"; co~:::O::r.e~ ··~:s 
a·psi h~ghar ~~an ~~e am~~ent pressure~ u;zc: ~~ t~~ ~e: 
force ez~rtaa against eaeh square inch of tr.e container's 

1 4. 

l-12 

inside surface? Ana. pounds. 

A cLosed~ rigid container is fitted ~ith 
and pressurized to Jv psig at sea Zeve: . 

a ::;,ress•,re £C.~e 
I."" tJ:e 
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1 s. 
16, 

17 . 

18. 

19. 

container is e~eva~ed to an a~titude of 40,000 feet, what 
pressure wiL~ th gage indicate? (A ssume NASA standard 
day condi;ions ~nc negZect tenpercture change.) Ans. 

psi. 

A pressure 0~ .I 10 in. .1/g squats psi . 

A tenpera:ure oj"' no: equals oc. 

A temperature of 60°F equa~s oR. 

ReLative humidity increases as temperatur e 

When air temperature drops be~ow the dew point, 
occurs . 

20 . Two compressors deliver conpressed air to c mani;oZd . 
Each co;.;presao!" !Ji.~: de;i:~er 200 ?P.., a! : 20 .~s~~ · ~·;z~: 
is !he ~o~a: c~oun: and p~assure o; ~ir cv~~vc~,a ;rc~ 
~h ·r , .? • • • v g ~an~ OvC. hnS. ~pn c, ?B~g. 

21. co, side r ~ite uhea t stone bridg• in Figure ~-: ' . : .~ ciur 
~m•t•r indica!es ~ha direction of cur~sn: ;Lo~~ uhich wcy 

witt the poin~er ae;~ec: i; the resis~ance o; ? 3 is gre=ter 

22. 

than R4 7 Ans. -"'.~oo~;"'h~e _________ _ 

Which way wiZZ the pointer defLect if R; ia Less t~cn 
Ans. 

ZJ . In the a-:.agr~m be:ouJ wha: is ;he preas:Are !'~t.-:..: : ... ~ ;;:e 
co~Fressor? (Ass~~e c:mospheric ;ress~re ~s ;s ?S~:.) 
.iir.s. ~o 1 

-
~~ c ore 

c:-:n··e5s "c"' 
"' 

Jjt-d e:::: :::;1" 
- ; 

.. . . . 

13 cu in. 

C psi 

a•:.er 
::-;:,ress.;on 

. ; ... • * •• 

2 cu in. 

225 osi 

24 . What is :he co~pression ratio cf ~he cboue co~presao~: 
Ans. eo 1 
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25. 

1-14 

Whae is the co~pTesaeC a~r eemparature ~f the air 
temperature before compression is 60oP? Ana 

.. 
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BLEED AIR SYSTEM 

The bleed atr system is a system of ducts and valves which supplies, 
controls, and distribules air for use In the environmental and adverse 
weather systems. These air-using systems Include the followmg: 

o Air Conditioning 

o Pressurization 

o Wing Leading Edge Anti-Icing 

o Windshteld Rain Removal 

Relays are used extensively In the control circuits for these systems. The 
relays are moWlted 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. 

SOL'"RCES OF AIR 

The C()mpresscd atr used in the StarLifter pneumatic systems c =.."l be 
obto. incc! !'rom th::-cc sources: the engmes, the Au:oli:u:· Powe::- t::: l: (APt:j . 
or a ~ o~il~: g::-ountl compressor. 

APU 

The .-\.Pt: is toc:llcd in the fo r·ward end of the left main Iandin;; ge:tr ;;od and 
suppltcs :tir :tnd electrical ;:>ower necessary for starnng the engines or :o r 
operanng the air conditioning systems while the airc:-aft is on the g::ound. 
It is a gas turbme ent;me wtth a two-stage centnfugal compressor and is 
capable of delivering 133 ppn of at.r at 40 psig and ~11 "C (-U:?"F) based on 
:-lASA standard day conditions at sea level. 

The APU starter is a hydraulic motor, using pressure from :No. 3 hydr:~~;lic 
system :~ccumulators. 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. rv ~-l 



Ground Compressor 

A mobile ground compressor may also be used to supply air for operation and 
checkout of the pneumatic systems. The unit c1111 be attached to the ground high 
pressll!'e connection provided in the forward end of the left main landing gear 
pod as shown ln Figure 2-1. When such a unit is used, a ground power cart 
mmii also be used to supply necessary electrical power to the systems. 

Ensnnes 

I 
I 

. ' 

/ 
-7~ 

FIGURE 2-l. 

0 

The four engines of the ai rcr:Ut are the normal source for obtaining compressed 
air for the pneumatic systems. Each engine bas :1 16-stage compressor wtth a 
16 to 1 pressure r:~tio as shown in Figure 2-2. Compressed air is bl!!d from the 
inner diameter of the last stlge. Venturies in the bleed struts limit the bleed to 
a ma.'<imum of 4, 6 percent .>f the air available. 

At sea level on a NASA standard day with the cnglnes running at takeoff power, 
each engine Cllll deliver 200 ppm of bleed air at 220 psig and 421 'C (790°F). When 
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:)~~= 
14. 7 
PSIA 

FIGURE 2-2, ENGINE COMPRESSOR 

235 
=>SJA 

manifolded, the combined outputs of compressed air from all four engmes can 
supply the needs of all the pneumatically operated equtpment. A1r c:m be used 
from the engines when the aircraft is flying or on the ground. However. it IS 

important to note that !! the engines are runnln;; at less than takeoff pt••.•.·e:- t!:e 
pressure, temperature. :md :lmOl:.,t of bleed a:r are decre:J.scd prop. r::.,n:l::~. 
At ground idle power, for ex:unple, the dellvered bleed air is about 40 ppm a: 
15 psig and 88"C (190°F). 

BLEED Ail\ Dl.:CT:XG 

Duct Routing 

Sixteenth-stas-e bleed :ur is collected m the en~;1no bleed mant!o!d. 
straddles the engine ;md attaches to th~ t!:!.fuse :-
case in four places, two on c::tch side .:~ shown in 
Figure :!-3. 

The air is then ductcd up • .. rou;;h :!w !JYI~:l ::> :;;c; 
main manifold 1:1 the winf,: lcadinc: edr;c. T:H! ·.vin~ 

bleed :ur r.t:l..'lt:old ~~'ten .s :ror~ 'u:b .!".fit' ::-._ 

~0. 1 enblllt.: t.O 0Ul.VQ3~· Ol ..l:c :\:>. ~ ~!- •. :l~- ~S 

shown tn Figure 2-·l. 

- . - -... pressure connection LC~ t~cthc1· in :~c \Pl. ~•• .... · ·~ -~--- _ ........ 
compar~ent. A floor heat supply due: .• !so tees 
into these ducts in thls area. The duct IS then routed up through the fuscl:l<:C 
:md fonvard, where 1t tees mto the bleed air m:m1iold in :he c<.:'ltcr wtr.:; scc:.o:: 
at BL54 left. Between the inboard pylon and the c~:ntcr section on each s1de. :1 

duct tees ocr the manifold to supply air to the :ur condltionm;: :md windshtelc! 
r:~in removal systems. Distribution of :u r Erom the r:1amfoid til :he v:tr:o::5 
systems is controlled b) a nwnbcr oi v::lvcs. These valves arc d:scussed 
individually. 
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FIGCRE 2-4. BLEED AIR DUCTING 

Construction :md Installation 

The bleed air ductlng is m:~de of st:~mless steel sections. ne pylon ducts. 
bleed :~ir m:mlfold, and APt; supply c:!uct are four mches in ·'i:~.mcter. Out~ca:·C: 

of the Xo. l :~nd :S • .; pylvns, ;he m::ntfo!c red~:ces m ct:l.~lcto..:r :13 • • cc~::r.·;<;:.; 

out to supply the Ot;tU-r w1n~ le3ding ed~c ::un:-tcin; syst~'n. The due: sec~.ons 
ho.vc compreS!ilblu fl:J.ngc!::i '\',.,:>.~cc; onlc lb:: cr.~~ 'lnd a!·~ !l~td :.:=._· ... ~er w::!t 
V- ba:td cl:unps. ',\'r.c!"l ::1~ .:hr.tps o.rc prt,;pcr!y L:l~:.:ll!..:~ ~n~..o tt,;htcnc<. :!~~.~ 

fla..,~es arc compresseG totrt!thcr. \Vh!C'h :~~s :1!'1 :1! !"-t:;!:: 3e:l~ as ::::.3::.·3:cc 
b Fi:r...tre :!-5. 

compressible flange 
before clamping 

d 
~o,Jressi~1e 'la~ge 

clar.~oed 

FIGURE 2-5. CLAMPING OF DUCTS 
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Since mew.l expands when subjected to heat :~nd contracts when allowed to cool, 
;.he bleed air ducting is atw.ched to the aircr:Ut structure with slip-joint supports. 
Th1s type of support, shown in Figure 2- 6, holds d1e ducting in place, yet :~Uows 
it to exp3.nd :md contr:~ct with termal loads. These supports are made in two 
parts :~nd are easily taken :~part to facilitate removal of a duct section. 

spring 
clips 

:"'he ~lecd !l!:- :no.r::!o:t: Is :::;~C !\t:=::.c~<:'! :o :~c !r "' n:. "\ . . :12 sp:l!" :.t :.~ c :e ~ 

:cn."lec:.~ or.s ··~e:~: • .~c ! 'w!" .4' io~ c' L,::2 to::: wt :.~. ;he ::: -:1~!~:..... :-:::s :~ ~J~~ ~"'> 

j)revent any side f:1 1\"U~ 1.,; r:t o:· ::~e: pylon C:..;c ts ~ue ·o :n:ln:!":tl:! cxp:mston ~nd 
contractie>n. The APt; .>upph· duct 1s r1g1<ily anached to the structure where 1t 
passes through the fuse!a~c :tt both the top and bottom. 

Expansion Comocns:uor s 

Spec 1al expansion ;omt~ ar" ms:al!ed m :he 
ducting to compensate tOl' thcrma! loads. 
These joints are located In str:lteg•c places. 
s uch as bc:ween r::::Hl .;upr. ' rts . They ai!ow 
the ducting to exp:~nd :~n :l contr:~ct without 
placing undue stress on the supporting 
structure. Flexible elbows such :IS the one 
shown in Figur e 2-7 o.rc used to retain 
!lc:dbility where tho ducung must be 
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FIGURE 2-8. TIE ROD 
EXPANSION JOINT 

bent. '1\vo types of exp:~nsion joints are used in 
straight ducting. The tie rod type joint shown in 

Figure 2-8 allows rwo duct sections to expand 
toward each other, compressing the bellows of 
the joint. The expansion absorbing wlit 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 
the bellows contracted so that the compensator 
is actually pulling the duct sections together . 
This action prevents the ducts from buckling 
when they expand. 

FIGUP.E 2-9. DUCT COMPENSATOR 

Duct Insulation 

Since the air flowing through the bleed au 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 d:unage to surrounding equipment, . ..,.,nng. a.'1d se:1ling. :"he 
L""1Sulatjon ulSO pre\'en:s CC!':'!b:..:stsblc !lu: ds :rem corni.nt; in cor:!::.Ct \•. l:r. r:,e 
duct walls. 

After fabncation an<! pr1or to mstallation, the ducts :1re 111sulo.ted wit.~} spun 
qu:~rtz encased in a hard epoxy-unpregn:J.ted fiberglas cover, either in sheet or 
tape form as shown in Figure 2-10. This insul:ltion, cons>dered a permanent 
p3rt of the duct, is m01sture- proof and very durable. It CM be patched easily 
in the event of <hma~;c. 

Since the insulation does not expand at the s:une nte as the ducts, a silicone­
rubber bellows is provided in the insulation on long duct sections to prevent the 
insulation from being cr:tcl<cd or tom loose by tho duct oxpnnsion. 

•. 
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lamp insulator 
s he et cover 

clamp insula tor 

duct 

tape cover 

side view of 
clamp insulator 

FI GURE 2-10. ;)UCT JtlSULA.TJOU 

After install.ttion. the \'a! vcs in the b lced :1 ir system ar c insulo.ted with 
fibergl:ls cover ed with st:unless 3tccl [otl. These insulming co,·e~s are mace 
i:1 sections to fit the •:al\'~S. The:· con~:l!n eyelets and :!re held roget!:er .. ,·:t!: 
wire l:tcin~. 

Wing leadin; edge secttons, JOined to the tront spar with Phtllips head screws. 
must be removed to :::ti:1 :~ccess to the bleed air manifold. b the center se::t!on. 
three panels cover the r.1:mifold . They are a_lso fastened wtth Phillips head 
screws. 

BL£ ED AID SYSTEM CONTROLS 

Distribution of bleed o.ir is controlled by the operation of severo.! ,,o.lves. 
Controls for these valves :Ire loco.tcd! on the Environmental Control Po.ne l :lt 
the flight engineer's st:ltion. The panel :1lso cont:tins controls :1nd indicators 
for air conclitioning, tempero.turc control, and pressurization. These items 
are discussed in following chapters. Figure 2-11 shows a flow schematic of the 
bleed air system. The systom is displayed schematically on the Environmental 
Control Panel as shown in Figure 2-1.2 . 
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2-S 

to right hand sta rter~~-u 

primary heat ..-====~ 
exchanger sys 

right hand-------4~ 
pressure 

r elief valve 
anti-icing 

~-~--- va 1 ve 

~~~ 
ri9ht hand 

pressure reg 
valve 

to jet pumo 
pres s u r e reg ._ =====:a;=;o""u===~zq 
grd hi press. 
connection---~ 

flo·" 1 i'11i ter 

wing isolation 
I!',----- valve 

&loo r heat 
s"u:orr 'Ia 1 ve 

FI GURE 2-11. BLEED AIR SYSTEM FLOW SCHEMATIC 
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FLIGI-IT STA 
CONTROL 

FLIGiT 
STA 

AUTO ® HO~O® 
0 0 

coo~ HOT 

·· coo~ 0 o HOT 

FLT STA AIR FLOW OVHT SYS 
TEST~ 

HORM ~ 
MIHrlt\\INCR RtStT 

"LJ)O"A· pvtRH(Ary 

- EJ-Ki I NE 2 FLOOR 

ENGINE 
c~os to 

loll NG 
AN; l-ICE 

HEAT 1::1 
c~osco A 
~ ~®'or 
~C~Ost""1 

~ ,~'liNG 

PYLON &. AIR I 
CONO CCMPT 

~HST l 
'W•csc- l 

SYS SHUTOff 

CABIN RATE 

or cul-'9 
F o "' 

o~ RICHT 
AP U ~ 

HO~NAL OoFr 
0 =,.,...,.,....,.....,..., u ... 

. ENGINt: 3 
c~osco 

U ENGINE 41 
OPtN : c~osco J 

CLOSC ® ~~ 
-~~~-- =~:st~ 
R .. lNG 
PYLON &. AIR 
CONO CCMPT 

· r ts r {@) ~~-:.. ~ 1)~ 
&. ;;::: IIC 

l ;:t"'c-="r ~ I" 
~...... ·····'~ ...... 

loll NG 
.I~TI-lC!: 

,-----. ( ~ OV HT I '------' !RT OvHrJlj~ 
NOR'"'AL 
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0 0 
FI GURE 2-12. EtN I RONr1EWAL SYSTEJ'~S CONTROL PANEL 
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BLEED Affi SYSTE:\1 C0:.1PONENTS 

The various vo.lves in the bleed :lir system serve as a me:lns of controlling 
airflow. Each valve h:1s a specific purpose, and different methods are used 
to control different v:llves. 

Check Valves 

The APU and ground high-pressure 
supply ducts each coataln a dual, 
Oapper-type check valve such as the 
one shown in Figure 2-13. The check 
valves pennit 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 API.: or ground high­
pressure· connection when the APU 
and ground compressor :lre not 
being used. The two valves are 
identical. 

=:.:~ 

---Wd ______ , 

FIGUqE 2-13. APU CHECK VALVE 

There is also n dual flapper check valve insLalled in each sade ot !h.: en:;inc 
bleed manifold to prevent reverse flow throu;h the cc:r. pressor vf a shc::cvwn 
engine as shown in Fi;ure ~-l-1. These •·o.lves are of::. ::lat 9late desag:: J."lc 

fit between the duct sections as shown m Fi;;ure 2-15. All eigh: ..-ahcs :lrc 
identic::tl. They arc e:tsily accessible when th.., engine :l!t cr.w! :!oors :l!"'! opc:1. 

2-10 

FIGURE 2-1~. 
CHECK VALVE 

LOCATION 

.. 

check 
v a 1 v e 

\.../ 
FIGURE 2-15. ENGINE 3LEEJ 

AIR CHECK VALVE INSTALLAHOil 
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Engine Bleed Air Shutoff Valve 

A bleed air shuto!f 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 maniiold or to the maniiold from the engine. The bleed air shuto(f valves 
:U:!l of the motor- d.r i ven butterfly type. They are normally cont:·olled by 
individual switches on the Environmental Control Panel, and the normal flight 
position is "OPEN." An automac;c 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 ~onditions are discussed 
later in this chapte1·. 

A CLOSED indicator light for each valve is prO\'ided on the control panel. These 
lights 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 

/ 
/ 

Wing Isolation Valve 

A wing isolation valve is loc:1ted in the bleed air manilold at BL36 left m the 
center wing section. The valve separates the left side of the manifold from the 
ri;;ht side ar.d i5 nor.-:1=t!:y c!osccl. If the \':llv~ is :>pence!. t!~c·t.:nt!:-c ~~nifolC 

can be pressurized from the APTJ, grounc compressor . or any one eng>ne. It 
is o. motor- driven butterfly type shutoff valve very similar to the bleed o.ir 
shutoff vo.lves. The vo.lve is normo.Uy controlled by the WING ISOLATION 
switch which is lo.beled "OPEN" and "NORMAL" (closed). Certain opero.tlng 
conditions, discussed Inter in this cho.ptcr, cause the valve to be overridden to 
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the open position. Access to the val\·e is through the center wmg section left­
hand manifold :1cccss p:1nel. 

Floor Heat Shutoff V:1lve :1nd Floor Hc:lt Regulator V:1lve 

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

The floor heat shutoff valve is loc:lted in the APU :llld ground high-pressure 
supply duct where the duct joins the bleed air manifold in the center wing 
section. It is a motor-dri vcn butterfl1· type shutoff vah·e identical to the wing 
isol:ltlon valve, :llld must be opened to allow the APt; or ground compressor :o 
pressurize the bleed air manifold. 

The floor heat regulator valve is a solenoid-controlled, air-actuated, 
modulating butterfly valve w1th :1 shutoff feature. It is located in the APU 
compartment in the floor heat supply duct. \\ben the APU or ground 
compressor is bemg used to supply a1r for eng me starting. the regulator \':live 
Is closed to prevent a loss of air under the floor. Th1s action ensures an 
adequate supply of air to st:tn the eng1ne. 

s:~('(l Ai:- PrcS>t:!'C Rezul:uor Mr! Shutoi: Valvt> 

.\ olced air sy:;km t>r~sst:::-,_ ::-ct,'Ul:ltor valve 1S located t:J each :11r cond!tiO:li:Jg 
and :-a!n remo1·a1 sys•.,~s suppl:: du::• 1:1 the mooard ·.nng !e:.d::1;; ec!.;c secu.::;s. 
:r::c:: :!le ·;ah·c .~ ;'c ... : s. ;:p!ics t!:c3e ~ystcms W!th :t rc~.:b.:ed ~:ced l~:-
··:- ·~wwr~ : ;1~p:- ~· .. :'" ... :·.!.· .. • p3..... I~ 1S ~ sch;ncad-ccnt:- !:ec. :u:--:~c1:..1:J.:·-

::-1 t!t..io.~::::: Out:~:nl· ·~·;~l ·'-" ·s1~1 :1 ... hcto£: reatcrc. The \'ai\'es are nJnnn .. l_ 
comrolled by th<.l tndtvidu:ll SYSTEl\1 s:-ltiTOFF switches. They are energtzed 
,,~en and are normally open :n nigln. Th~re arc Ct!rtain overndc features 
.:i'"' '' :";:.Jr:l~-.; 1::· . :n-;; c !1.::.-:"J: ct:-::~~.:co -' ·hesc v.3h·ts. lhcse c.rccns :l:·ro 

,,,:;cussed l:ltct· .n t!u;; <::!::lf.<:l'. The \'a: ,·cs may be ~·::~chcd :hrou;h access 
p:1nels pro\·t:!eC !n th..: !.>ot:.or.-~ of :he ~e:u!1n~ ed~~ secttons. A schem:lttc 
cutaway d.lagr:un of the valve tS shown m Ftgure !!-17. 

Bleed Air Pr"ssure Relief Valve 

A bleed air sptcr.1 iJrcssure relief 1':1lvc is located immed:ately downstream of 
e3ch regulator valve. In t.'Je event of a fallure of the regulator valve to the open 
position, the rehef 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 edge section. The valves arc 3utomatically pressure­
actuated. However. they mav be tested by usc or the SYSTEM SHUTOFF 
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switches. When one of these switches is pl::tced in the "TEST" position. 1L 
energizes :1 solenoid valve on the :lpproprintc relief val vc. Thl! relief v:1lv.; IS 

then opened by high-pressure bleed :1lr, ported through the solenoid vall·e 
directly from the bleed air manifold. When n relief V:llve opens, a correspond­
ing RELIEF OPEN indicator light illwn in:ltes on the Environment:ll Control 
Panel. Access to the v:ll ves is through the same panels th:lt provide access 
to the regulator valves. A schematic cutaway oi the valve is shown in Figcre 
2-18. 

Pressure Trnnsmitters 

A pressure trnnsm!tter is installed !n the center wing section and Is connected 
through check valves to the bleed nir manifold on both stdes of the wing 
isolation valve. The trnnsm !tter tr:msrn Its electr!ca! sJgn::tls. in propor:ion to 
manifold bleed air pressure, to the :\IA.''\IFOLD BLE!::D P!l.CS3L'RE mc!:ca<or 
on the Environmental Control P:lnel. Access to the transm ttter is throcgh :!'!e 
center wmg section center manifold :~ccess panel. 

Another pressure transmitter is located m e:~ch !nboar:! ·.nn:;- lt:ad:r.; .,cge 
sectton, near the bleed a1r pressure r~gul3tor :md rela:f \':il•:es. Tl:es~ 

transmitters connect to the ducts JUSt downstream from the relief valve.;. 
They transmit pressure signals to the duct regulated pressure indic:~tor on the 
Environmental Control Panel. 

A ·:entu:-i .5 ~r:st:l!!<:<.! ;n t!~e AP!: a:'lci b!"t'>Ul'L :~~;~ ;"'':-~s.:t!:-:: .:)t.;:-'tJ·. :-.::. • .:·.:.·: 

i: is :-outed alon:; the top,,; :he icsd:l~l:. !:: :he: eve::: o::. r.;·:: :-::;:::::·-::. :::-_ 
vento.:r: •.vouL! llrr:.i~ the :-r:nx1wurr. ~.r ~oss ~o :"Jrou· :::''h ;:~;~:. 

5tmii:.lr nov. li::"d:in~ Vt,;:\l\:.·1'.;$ :.;.re: ._ . .:iO 1r . .;~=.!.~~C 1:: : .• ..: 1:.· .. "-·• •• ::· .:: ... ~ 

lr.Jmediat~ly upstrc:un of th.: bl~ec: ;1.r systcr.1 pr~sst::'-' :'1)::-,d:nor ·;:~ ! :c~. 

:1cklition to :1.:nilin:; tht.: :li!" loss to tht.! C\'\.n~ '1!.:: ruptu!"~;ci ~:..:t. · ~!~; ... 3 

the :t..."nOUJl~ nf :'lll' th:lt W rrlt: :1::\·t.. . ,, ''"- .,..t.;!'r1,;", ·'."·:?!'0"1: ~· '':• !'t..> ... : • 

if ::t regul :uor v:-~1\·~ 1.1!.5. 

BLEED . .U.R SYSTE:>I OPERATIC:-\ 

. ..... . ........... 

In order to foctlttatc manage.ment of the bled air s::stcm dunng ;:ert:un 
operations, p:lrllCU]:lr :ISpCCtS Of COntrol .l!'C lCCO!ll],l!Sh<:l: :1\ltur.::Hl~·;:!!·. 

These autom:ltlc control foaturcs :lt'C butlt mto the A[!', CQ;>;{) :.t.\:;Tc:~ 
switch and are discussed !n order of rotation ol the switch in the fotlow•ng 
par:~gnphs. 
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"APU" Position 

The "APU" position of the master switch is an air conditioning selcct1on. The 
switch should be placed in this position when ei ther the APU or ground com­
pressor is used to supply air for operating the air conditioning systems on the 
ground. 

NOTE 

!t ~s not ~acessa~y !o ?:ace !he ~as~er 
aui:ch in '~?U'' in order :o ops~c:e :he 
APU. :~ is ~ere:y c conuen~sr.: -ec~o o; 
contro::in~ se~erc: uc:uee ~i:h or.e 
o~era~£on in or de r ~o con:ro! er.e 
distribucion o: O~eaC cir. 

When the master switch ls positioned to "APU," certain overr1de actions occur, 
as follows: 

o The floor heat s!lutoU \":llve is driven open as shown in Figure :!-i9. 
This action perr:~tts :urflow to the lo!it m:uufold. · 

o The wtng isolation vah·e is driven open :ls shown i!l Figure :!- ~0. 

This act1on pe!'!111ts airflow to the ri~;ht manuold. 

o All four bl~t!Cl air shutoff \·:llves arc driven closccl ~s sbowr. in 
F!gu:e ~-20 !n orde!' :::. r-,·c"·er.t en~:;ine sr.ar· m::;. 

o ~e ;Jrtr:::tr:· hc:z. cxc~a.=~g;e:r system c;ccter sh~:c:! -.·::l·:cs :::·\! .;:·:·;en 
clos~-· ~~I.!SC \-:!h·e~ 3!"e ~. sc~ss..:d !nth~ :iJ!:-,w.::; .:~. ;:lcr.) 

T=:e v:tt'.·es a:-e il' :i:::r:t ~~ .13 a: . ..!.:.c.:.:..:c; a v •, :c,:t!"C.:es.s c:: ~:.:c . .s .. ~: ::-. ·: ~::e 
tndiv1dual con:rol switches. These overrides are prov1ded to ensure a suppl:: 
of air for ai::- condiuonm:;, sin~~ the output oC the APt: or t;rol!!ld comjlresso:­
ls :1ot su.f!:fcfent to ::_:poi' ~O:''! !!"::1~ or.~:. s~·s~c:r. ::: ~ :~m~.; . 

The uncle rfloo:- heat1n1; 3ystc:n ~n:l:: be ~·pe!':ltec! !ly pl:!cm; :he F LCOR i-C A 7 
sw1tch in the "OX" position. Placm:; the SYST:~l SH1:TOFF sw!tch in :he 
"OPE:-." posit:on opens t.'lC bleed :lir pres.>urc regulator val\'eS and pro\'lc!es 
a1r to the a1r cond1tionms- systems. 

With t.'l• master sw:cch m "APt:," :be .o1Iow1nb :nd:ca:.vns should be present 
on the EoviroMlental Control Panel: 

:? - 16 

o The manifold bleed pressure incllc:llor should show the pressure 
bemg supplied from the APU o r groWld compressor (aboul ·10 psi). , 

\'OL. IV 
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o The EJECTOR ON lights should be e)l.'tinguished. (These lights 
are discussed m the following chapter.) 

o The bleed air shutoU 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 r1AS";ER 
E~G BOTH , - ___ _ 

START~0 

'oLEFT 

APUo oRJGH-

OQFF 
0 

RAM 

28v dcr----~ 

28 • ~c--------

floor heat 
shu tou , I , va 1 ve 

~ 

··~-:=== 
.,,~c,.. ~e3 : 

... c~ .. "a ::-­
v-!~'1~ 

FIGURE 2-19. FLOOR HEAT VALVE ~ONTROL 

"ENGINE START'' Posation 

The master switch should be placed in "E:-IG START" when either the APU or 
ground compressor is beang used :o supply air for starting an engi.1e. As m the 
case of the "APU" position, the "ENG START' position merely provides a 
convenient means of controlling several v:~lves wi:h one switch an orc!er to 
control the distribution of bleed air. In chis c:~se, however. th~; :ur is c!lrec:ec 
to the engines. Override features c:lUse the following acttons to occur: 

o Power is removed from the floor heat regulator valve, as shown in 
Figure 2-19, which prevents operation of the floor he:~t 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 penn its airflow to the right manifold. 

o Power Is removed from both bleed air pressure regulator 
valves, as shown in Figure 2-21, which pre\'ents 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 "E:-.IG START," the following indications should be 
present on the Environmcnul Control Panel: 

o The manifold blet:d 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 temperatu:-e inc!ica:ors 
should show ambient temperarure. 

o Both EJECTOR ON li:;hts should he i!lw-:ur.ated. 

o The bleed air shuto(f valve CLOSE;) 1ndicator !lghts shouic! 
extinguish as t.'1e switches are plac l in the "OPE:\" 
pos1t;on. 

It should be noted that the pressure regulatcr valves a1 e closed when the 
master switch is positioned to "OFF" as shown in Figure 2-21. This action 
prevents an unnecessan· loss of air throua;h the primary heat ec:chana:er s,·s:e~ 
e)ec:ors smce the a1:- conclla~nm:; systems are shut ofi :.t ;!us :,_rne. How,,·e:: 
the valves arc opened ag;un to supply air 1f :.he rain re.'l!ova! system is tur:lec! 
on. 

Bleed Air Overheat Detection Svstem 

In the event of :1 maliunction such :IS :1 ruptured bleed :11r duct o:- :1 f:~Jed ;!uc~ 
clamp, hot bleed air could spill out into lhc surrounding :lrca and cause senous 
dllmage to Wtr1ng :1nd equil:lllent. To prevent such damage, a bleed :11r overheat 
detection system is inst:~lled on the atrcraft. 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 . 

2-20 VOL. IV 



The detection system consists of three separate sections: 

o Left wing, pylon, :utd air conditioning compartment 

o Right wing, pylon, :utd a1r conditioning compartment 

o Underfloor area :utd 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 i.n 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 fror.1 the floor heat 
shutoff valve down into tl1e .-\Pl" compartment and out under l!~e floor . A 
temperature of 1ss•c (3l0°F) in any of these areo.s is considered an overhe:lt 
condition and activo.tes the isolation system. 

II an overheat condition IS detec:ed by either wing section, tlle detection s:·stem 
imposes a closed override on the wing iSol:ltion valve and both bleed o..r shutoif 
valves on the affected side. If an overheat is detected by the underfioor and 
APU compartment loop, both the floor heat regulator valve nnd floor heat shut­
oil valve are overridden closed. When an overheat occurs many of :hese a:·eo.s. 
appropriate warning lu~h:s are lll=ino.tcd " r. :he pilot's :1nnu:1ci::tor i):llle! :::::! 
on the Envl!"ol1!:lenl:tl Contro: ?:l.:le:. The :igh:.; w:E cxl•n~.!:sr. ·s~e:t :.!'le .. ·:cr­
heat dlssipntest but ~he ·:::.!·:es C:\!'U'lc: be :-c ,pene~ :m:il t!~c :;:-pr J:;-:- !:t:e 7E"~7-
RESET switCh is tog;;i~d :J :!;~ ' 3ZSZT' ;;os!:icn. 

E::~ch overhe:lt detectton tocp .s •::ired in s.: ries through :h·. cont::.cts cr:11: :::l•::· 
bleed ::ur overhe:J.: cu~:>c: ~·ct~:·.s. 1-::csc rc~~:s :tr~ cn~r;.;:r;;.. by:;:~..; ::1::.:·:~c:~..:: . 

en~1ne se,rter pushbu~tcns. L c.!l'. cr.c JJt :!".t: ~ng!.::e ;::!:·:.:!' ... ~::~:;.s .::: ..:~ · .. :~:~ ... 
its :lssoci3tcd re~oay prc\'ents :1U :.hree sccr.~ons o: :.'te o\·err.eat ::!e:ect:o~ :i\'S:c::-. 
from closmg any of the v::lves until afte::- the er:gine is run."'tn~. 

All three sectior.s C:ln !)~o ldtCd :ly tv;;;;!::~;; the :lSSOCI:ltC:C :":57- RE5E7 s•.o;.:~!:<:!S 
to the "TEST'' position. The test condition p1· oduc~s the s:unc results as ::n 
actual overhe:~t. A time delay is built 1nto the control boxes so th:lt the ot:tpu: 
is present for :1 few sec _,nc.!s ::fter the test sv:itch ts re!e:~sec, which :~Uows 
actuation of the holdin~ circuits. When tl:ls t:me del:~:: el::~pses, the indic::~:or 
lights extinguish ::~nd the systcr:J c:1n be reset. The three ccr.t rol boxes ::~c 
located in the center fuscla~· jll:tctton uox . 
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.Manifold Leakage Test 

A manifold le:tk:tge test should be made :o determine system integrity whenever 
a component is re!)laced 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 Q~ESTIONS 

1. What limits the amount of bleed air delivered to the 
mcnifold from the engine compressor? 

2. What systsme use air from the blsed air mani;old? 

3 . On an NASA standard day at sea level, 
stage bleed air temperature is 

the si:teenth­
(tckeo;: thrust) 

5. a. Why are the bleed air ducts insuZc~ed7 

7. c. 

. . . . . .. . 
~ ·:J ~ · :. 3e= ~n ~~2 c~ee~ 

9. c:. 

10. 

c . 

The APU deZive~s 
os-::.g ::::r..:: .,----...-' Z.evez, 

-·--.. 

?_pm .o . .:- ai~ ct 
s:cr.~~~c c~~ c: ~ec 

11. The maximum amount of air delivered to the bleed air 
manifold from the engine is approximately opm. 
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12. Through what two valves must the si:teenth-stage bleed 
air pass to enter the b2eed air manifold? 

1 3. a. What is the purpose of the b~eed air check 
valves? 

b. Where are they ~ocated? 

14. What is the purpose of the bleed air shutoff 
valves? 

15. a. Where ia the bleed air manifold pressure indicator 
located? 

b. 

16. a . 

b. 

c. 

d. 

e. 

l 7. a. 

b . 

c . 

c.. 
e . 

!8 . a . 

b. 

c. 

., -· 

In what units of pressure does it indicate? 

What is the purpose of the wing isolation 
valve? 

What is its normal f~ight position? 

Where is it Located? 

What type of valve is it? 

How is it controlled? 

What is the our~ose o~ the o:eeC ~ir ayate1 
pressure reg~lator Jaiue? 

Whe~e is ~c ~occ~ei? 

~o whet pressure does i! regu~ate ~he air? 

~·~c: ~s :J:e ~~r?~se c: 
pressure relie;· valve~ 

~here is it Zocated? 

. . . . . 
:;t;e .": .. ee.:: .::..~ 

At what pressure does it relieve? 

How is i! te3ted? 

19 . What override conditions occur when the master swit~h 
is positioned to 

a. "APU"? 

b. "F:llGIN E ST,1RT"? 
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20. 

·-

a. ~'hGe va:ves .::rc ~:tec:ed .;, .. r an overi:ea'! condi.t:.o, 
is de!ected ~~ the No. 3 py~on upper sectio~ c~~ 
how are they affected? 

b . At what :e~perature does this overheat occur? 

c. What i.ndi.catior.s are given? 
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PRDlARY HEAT EXCHA.~GER SYSTE:vt: 

Two Identical primary heat exchanger systems are used to precool and 
regulate the temperature of the bleed air supplied to the air conclltloning 
and rain removal systems. The two !.eat exchanger systems are located 
In the leading edges of the wing root fillet areas, one on each side. Tht: 
rtght hand system is depicted in Figure 3-l and consists of the foUowir.g: 

o Heat exchanger 

o Ejector assembly and sbutoU valve 

o Ram cooling air control valve 

o Three temperature sensing units 

o Temperature control box 

ram air to air cond 
s y s t em -.::::::::\ 

\te~oerature ~ 1 

~nsors I ~ 

~1 , 1:c 
\ 

/', 

ejector I ' I 
: 1 cA ::~ c r -' 1' 
' ' 

t~;e~a:u~e9 
contro l box 

FIG . 3-1. oq 1'1ARY HEAT EXCHANGER svSTE.I1 
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Access to all of the components, except to the temperature control box, is 
tllrough cam-lock fastened panels on top of tlle wing. 

A temperature indicator for each system is located at the top center of tlle 
Environmental Control Panel. Although system control is entirely automatic, 
tllese..lndlcators 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 Exchanger 

The primary heat exchanger is a single- pass unit of welded and bra :ted 
construction, utilizing stainless steel throughout except for the cooling fins 
which are nickel. Cooling is accomplished by air-to-air beat exchange, much 
the same as bot water is cooled in an automobile radiator. As bot bleed air 
flows through the beat exchanger, it is cooled by a crossflow of ram air. The 
ram air does not mbc with the bleed air but flows directly through the heat 
exchanger and discharges overbo:~rd. The amount of cooling obtained is 
determined by the ter.1perature and amount of cooling air flolvrng through the 
unlt. 

Elector Assembly and Shutoff V::tlve 

An eJector assembly is located tn the r::tm :11r discharge duct of the he::tt exch:t."lge::-. 
It Is used to Induce a flow of cooling air t.'1rough the unit whenever the ::tirc::-:tf: 
speed IS not high enough to prov1dc s..tfic1ent flow. Bleec! atr is ~u;:plit!C: tv :!1~ 
P.jcctor from the input oi t.'lc he:tt exchange::-. 'P.le t:ait ~ses :lpp::oxi.r.'l::<!:;: .;,; 
ppm of air at i•J psi;. 

A shutofi v::t.ve is 1oc:1:.~ci in thf' blt! ~ ~1:- supp!y Ct.;c: :.:;, :J:e c;ec:~r :me ts :.:3ec 
to turn the supply of bleed air to the ejector on or oif. The ''alve is a motor­
driven butterfly type, powered by 28 volts, de. I! is normally controlled by the 
Central Air Data C;>mputer (CADC) anc! opens when the :nrcraft .;peo::d drops 
bfilow 0. 3 Mach. The pilot's (~o. 1) CADC controls <he !cit-hand e)ector shutllti 
valve, and lhe copilot's (No. 2) CADC controls lhe right·hand ejector shutoti 
valve. 

When the aircraft is on the ground and the APt: or ground compressor is being 
used to supply bleed air for :~ir conditioning, the ejector is not needed since lhe 
temper:~turc of this :11r is less tll:~n the control pomt of lhe system. Th~reiore. 

1n order to prevent an unnecessary loss of air overbo::trd and to conserve this 
air for use in air conditioning, the ejector shutoff valves are overridden closed 
when lhe AIR COND :\lASTER switch is posttioned to "APU." The control 
circuit for tllese valves is shown schematically in Figure 3-2 . 

3-2 
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FIG. 3-2. EJECTOR SHUTOFF VALVE CONTROL SCHEMATIC 

Two "EJECTOR ON" inchc:nor lightS are located on the Environmental Cont:-oi 
Panel just below the prunary heat exchanger system temperature !ndic:nors. 
These lights are illumin:lted whenever the G]cctor shutoff ,-~!ves arc open. 

Cooling Air Control V:~lve 

1 I g h 
pane 

The coolin, :11r control valve 15 loc:ltell m the r:t.T. :ur disc!l~r:::e .,!t;c: !:le:\veo:n 
the he:lt cxch:ln~er l:lc! the cjcctro.::- ~sscrr.bly. I: is ~n ::.c ~vtor-~:':en 
nodu13t~n;; buttcrfi:: vo.lvc. wh1ch cnn~rols :~1e 11~w o: co01l~~ n:r ::~:- cu:;-:: ~~~ 

heat exchan:::er. The val\'c 1s dr1ven ;;y a ccmrcl oox 1n ro:spons" ~o :"!l'pcra:~::·~ 
signals from sensors located in the bleed :11r duct . 

Temper:lturc Sensors 

Three thermistor-type sensmg units are loc:lted in the bleed air duct at the 
output of each heat exchanger. Two of these :1re used in controlling ter.1per:1ture; 
the third Is the indic:ltor sensor. Of the two temperature control sensmg umts, 
one is the contr ol sensor which de termines when, and in wh:lt direction , the 
cooling air control valve dl'lvcs. The other Wlit contains two sep:tr:lte sensors 
in the s:une housmg: :m anticip:ltor sensor and :1 high-limt: sensor. The 
anticipator sensor is sensitive to temper:lture change and controls the dr1vmg 
rate of the valve to help prevent overshooting. It also corrects for transient 
temperature changes causl!d by changes In :unbient air temperature. 
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I! an overhe:ll condition occurs. the high-limit sensor act1vates :1 c1rcuit m the 
control box wh1ch removes power from the bleed air pressure regulator \"al ve. 
This action causes the valve to close and to shut off the supply of air to the 
system. 

Tem_perature Control Dox 

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

SYSTE.:Vl OPERATION 

A simplified clectrlc:ll schem:ttic of the tempe rature control s•:s~cr.1 is .s:.o·.•:n 
in Figures 3-3 and 3--i. The temperature of ~he bleed air leaving the heac 
exchanger is regulated at approXimateiy 23:!0C (450.F) by varyi."lg the :t.'T.O::.:lt of 
ram air allowed to pass through the heat exchanger. The ram a1r is inducted 
through a:1 opening tn the wing leadin~ edr;e am! discharges O\'erboard thro:.:gh a 
louvered panel on the side oi the aircraft uncle!· the wing. When the oleed :Ill" 

temperature at the output of the he:1t exchanger exceeds 23:!0C (·150"F), the 
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cool!:t:; "~ir :ontrol ·;:llve drives LOW:l!'d open to allow more coolin~ J.1!" ~o ~~('\\' 

tl:rou;;h :h" ur.:t. 1\'hcr. the tempcr:tt-Jrc drops below ~32'C (-lso•F), :he \":1!\'C 
Crt·:es ~~·.w:l::-C :loscc. t..., r-eC.;cc the flO\\' cf coohng a.r. A rate ~ene:-:ttor tn :~c 
':l!··e ~:( '.t.:.:l~o:- :~s~c:-:1o!y ;r~\'11.!t:S ne~~~ve !eeCback to :he control box !O he:p 
~rr:·:e~t )•;~.::r3l:r..~uti:1_b. T::~ -.·ah·o is nc!":":'l:lil~· closed w~en us~n~ the .-'.Pt: o:­
grounci compresso:· to supply bleed :tir smcu the temP<!r:uure of t!us :t::· os 
about 2ll 'C (4l2.F), whoch is less than the control pomt of the system. 

I: a."l:· ... ~·1!~.\,~ .c" ... :·s ~.'.-... c~. )\.Jd c::'.lse th•2 ~:;ct ~c:npt.:r:t:urc ~., l.!Xcccd 2!~'~ 
(540.F) 1 the hogh·luno" scnso: :ICtl\'atcs a circuit in the control bo.x to close tho 
bleed :ur pressure regulator valve. \\'ith the air supply shut of!. duct temperature 
drops and the circutt automat!c:llly resets. !! the overhe:lt condition persosts, 
the regulator \":th·e cycles open :1nd c losed, whoch causes air surges. In th1s 
..,vent, the system should be shut down by pl:tcmg the SYSTE:::Il SHUTOFF switch 
ir. the "CLOSE" pos otion. 

In the event of :Ill)' system m:llfWlCtion which would close the re~:ltor wlve or 
cause it to cycle, the v:tlve m:ly be overrodden to the open posot1on by use of :Ill 
EMERGENCY PRESSURIZA T!ON switch. Two of these switches 1 one for e:1ch 
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valve , ue located on the EMERGENCY CffiCUIT 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 de bus nnd remove a!l other sources of 
power •. In this ccnfiguration, however, the operator should continuously 
monitor the primary beat exchanger system temperature indicator s so that if 
an overheat occurs, the system can be shut down before any damage is Incurred. 
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AIR CONDITIONING A..'<D VENTILATING SYSTEMS 

Two separate but identical air conditioning systems supply conditioned air 
to the interior of the airc r:l..ft. The systems provide both heating :md 
cooling in addition to supplying the air necessary for pressurization. 
Conditioned air is also used for cooling the electrical and electronics 
equipment. />. separate floor heat system may be used either in conjunc­
tion with, or independently of, the air condition syster.ls. Provlsior.s are 
included for using r:un air ventilation when air conditionmg :md pressur­
ization are not required. 

AlR CONDITIONING 

The right h:tnd air conditioning system is depicted in Figure 4-l and 
consists of the following: 

o Venturi type flow control \'!ll'le 

o Refrigeration u.;tit conSisting of a heat exchan;:cr ::nc! 
a cooling turbine anc.! cor.1;rt~sso:- :;!.:: 3-:lsc:::.hl} 

o Water sepa:·:~:o:-

a tur:>L"!e by:-::.;s ·:a: •:c. :l l o·.\··Lr~ ~: St,;n~t :-, 

low-li.Jntt temj'<!r:Jturc cor.trol box 

o Temper:~turc control vnlve 

.... ..: .. .... - ... 

All of the cCimpunents listed for both systems are Jl)catcc! m tl:e ce::1.::· 
wing leading edge section except the low-limit temperature control boxes. 
C:unlock fastened panels on top of the wing provide C:lS) access to the 
entire area. The low-limit control boxes are loc:~ted :1bove the err.er~ency 
door on the forward right-hand side of the cargo compar::ment, next :o :!le 
primary heat exchrulger d1sch:1rge temper:1ture control boxes. 

Each air cond.ttlontng unit reeei ves hot bleed atr from tts respective 
primary he:~t exchanger system. The 3irflow is regulated by the flow 
control valve :md dueted to the hc:lt exchanger and the temper:lture 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 bypass valve. Tilts air is normally supplied to the turbine at a 
temperature of less th:ln 93'C (:!OO'F). As the air e)o.-pands through the turbme, 
it IS further cooled to below freezmg temperature. A compressor fan is 
mounted on the tarblne shaft and is driven by the turbine. The compressor 
draws ram air !rom the heat exchrulger 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 ::tlso increases the cooling efficiency o! the 
heat exchanger durmg air operation 

Turbine discharge :ur Is ducted to the water separator which removes excess 
condensation caused by the cooling. Enough warm air !rom the heat exchanger 
bypasses the turbine through the turbine bypass valve to maintain a temper:lture 
of 2'C (35'F) through the w:lter separator. \\ben heating is required, hot air, 
which bypasses the refriger::ttion unit, is added downstream of the water 
separ::ttor. The mixture is ducted to the outlets in the fi!ght station and cargo 
compartment. Cool air from the output of the left-hand system !s ducted to 
separ::tte individual outlets in the ~ght station. 

Svstern Components 

Flow Control and Shutoff Vo1 ve 

T:1e !!c-.\.· con~:-ol v:.l·:e .,j :l:"!: .:1::-:-:c-w !"'CS'1J!:.tor w!:h :1 sh~tc:! :c:::.:-:;.:-e. ..;.::~')u;;': 

!~s n::tl:l purpose is to pro·.ride :l cor.s::lnt flow of air ~h:-ot:;~ rhe :li:- cor:dl~! c:t:.n~ 

.:.::stem, ~t _:s-= sc:-..-cs :s ~::1.! a~:- -:c.·nC.:::~cn1!l; sys:e:-:l s:-.::~~o. .. i! v~!·:e. -:"!': ... ~:;..i·:~ 

i.> an :tuto~:ttic r:: ~·trc lat!!'l;; Ouneril:.- ·.v!uch rt'gu::J.t~s · . ·! o:rf~c·.v o.: 11;rj Yf.'~. r: 
is solcnold-cont:-ol!cc.!, pnco.;matlcaHy :~ctu::ttcc.!, sp:·::l!i-:c~•:cc closed. and de­
C:!er;f:,.::-! ope:1. EoL:: C.;:,•.-. .. r.~:.- ll ·"·~:-.-,::.:; u.:·;. n'J:-~:1>: c:::t::-ct!-2-:l !Jy :::e !.!R 

howe\·er. c:1r. be o·:er-:idt!er: c!osed by ::. t~:b!lle over~e.:t con~~: o:t. .4. t.~~:-:-::;1! 

sw'tch :It the irJet of each cooling tUr?ine :~utom:ltic:~U:. closes i:s respective 
flow control val\·e .~:he turb1:1c .n:ct tcmpcr:~rure exceeds ~!l'C l:!lO"F). Bot!J 
·:~!:j s =t~·r~ .Jv£::·:~·..!c::: -::.J.:it.!' ... b:: •.h~ :,;.t::tG D:.?rt:::-55 s·:,·::chcs. Ft;ure ,-_ 
shows :1 schemouc cut'\•.v:ty oi the •:::.lvc. 

Refril!er::t:on l:n:t 

Each refrigeration unit \s o two-st3ge coolin; uru: consistinl; of :1 two-p:ts:> he::t 
cxchang\or a;nd a .3in;.;lc-st;J:;c c:<jXlns,on ~urbJne. Ti1c h•.::tt cxch::tn~er 1s stn11i:!;· 
in construction to the pnmary hc:J.t cxchtlnger except th::tt the bleed air mal,cs 
two passes through the ram air. It Is of welded and brnzed aluminum 
construction. Rom nir for the heat exchanger is inducted through on openmg 
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in the wing leading edge (the same one that is used for the primary heat 
exchanger). It cllscharges 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,_00_Q rpm. The turbine drives the compressor, which provides 
a~load for the turbine. This load helps to prevent overspeeding and also e:~.-tracts 
more heat from the bleed air since more energy is required to turn the extra 
weight of the compressor. The compressor draws ram air (rom 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 g:round operation 
and increases the mass of cooling air flowing through the heat exchanger for 
better cooling efficiency during air operation. 

Oil is wick-fed to the bearings of the turbine and fan assembly from an oil sump 
incorporated in the bearing housing. The sump holds 300 cc (about 10 ounces) 
of turbine oil, MIL-L-6085A or equivalent. There is amagnetic 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 e,·ery 300 ho}lrs, 
and the oil should be changed every 600 hours. -·-
Water Separator 

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

Figure 4--! shows a cutaway view of the water separator. The unit contains a 
louvered, conical- shaped condenser nssembly, covered wi~h a fiberglas blanket 
or "sock." As the moisture-laden air flows through the sep:~r:nor. the sock 
becomes saturated w1th water. The force of the airflow carries the moisture 
through the sock in the form of luge water droplets . A swirling motion is 
imparted to the air by the louvers , which cnuses 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 locate.d so that the r:un 
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 o: the condenser blanket should be checlted periodically and 
should be replaced if torn or frayed. Lf it is dirty, it may be wnshed by hmd 
in soap and wnter and should be re-inst::tlled while still wet. 

Low-Limit Temperat·Jre Control Svstem 

A low-limit tempera .ure control is incorporated into the system to prevent 
icing of the water se 1arator. The system, shown in Figure 4 -5, maintains a 
temperature of 35°F and consists of the following : 

o Tem ?erature sensor 

o Contl .. :ll box 

o Turbi.1e bypass valve 

The low-limit sensor is a negative coefficient, thermistor-type tem;Jerature 
sensing unit located in the duct at the output of the water separator. It senses 
the air temperature at this point and provides corresponding electricnl 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 righ.t side of the cargo compartment. It 
receives tempe:-ature signals from t.~e low-limit sensor a nd provides co::-re­
sponcling electrical sirsnals to d riYe the turbine b;?ass valve. 

The turbine bypass valve is located in tl!e t~.:rbme bypass d~.:c: or. ::i:e refru::e!·­
:~•ion \:llit. It is a ~oc!t:l;!~:n~ butt2r!1•· ~::pe valve. d:-i·:en b)' a de :notor. \11:o=n 
L'lc valve is ~ pen, :1.::: ~=om ~he ht,;~t exc?-1:tn;er ~)yp:1~ses Lhe zool:.:::; ::.:r:nne :.!::0:: 
is adced in at t.'1e :~.:rbme outiet. t.:pon =;i;nals ~::-om :' ~ ccn,::-c! box. :!1e •::.: ·:e 
:ncc!ul:ues :o ;?rc·:ic!e r::orc ('!.' lc:i3 ·.v:1~ ::ir , as ~·eqJ!red . :;j :~:-2·:!':-.: 1c1r.; c: 
:.'1e w:lte:- sep~::'.~cr. 

Tern perature C,Jntro! V:~l ve 

A :e!'!'lt:e!":lt~re cont:-ol v:1h·c is loc::tted i:1 :.~e hot air £Upply Cue~ which byp:l:Sses 
the enure r!!fr:~el.·!n~on t:nit. It :;; ::. :uu:or-d.rh·en. !noCu!:u::t~ o'..!:::e:-:ly r::~L 
v:~lve, powered by :!S volts. c!c. '.\'hen t!le •:alve •s pen. hot olr !'ror.1 :.!le 
primary heat exchanger system bypasses the reirtgeratton umt md 1s added :m:> 
the distribution duc t downs:ream from the water .separator. Signals from :! 

control box modul:!te the valve to provide more or less hot :lir. :lS requtred. to 
maint:un the des•red tempcr:lture in :he oirp!:lne. T!le nght- hmd system 
temper:~tw·c control valve is positioned by the c:~rgo ccmp:~r:ment te.'Oper:::ur'? 
contr ols, while the ntght station temperature controls position th~ !cit-hand 
system valve. 
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Conditioned Air Distribution Svstem 

The conclitioned air clistribution system is shown in Figure 4-6. Air from the 
air conditioning systems is ducted through the top of the fuselage into the co.rgo 
compartment through check valves. These valves are 8-lnch diameter, dual­
flapper type check valves which prevent :1lr from esc:lping back through :1 shut­
down air conclitioning unit. The right-hand air conditioning system distribution 
duet enters the cargo compartment on the left side, while the left-hand system 
distribution duct enters on the right si.de. This crossover is due to the layout 
of the air conditioning systems in the c:enter wing section. l\Iost of the 
d! strlbution ducting Is made of aiwninum; however, there are :1 few fiberglo.s 
sections. 

Air from the left-hand system is ducted to the fiight station air diverter valve, 
located in the top of the cargo comparbnent forward of the wing. This valve is 
a Y-sbaped, four- position, swinging gnte type valve, actuated by :1 28-volt, c!c 
motor. It is controlled by the FLT STA AIR FLOW swltc:h, located on the left 
side of the Environment:!! Control Panel. Depending on the switch position, the 
valve diverts a portion of the air from the left-hand system to the flight s:atlon, 
the remainder going to the cargo compartment. Figure o!-7 shows the control 
forth~ valve, and the air distribution for eo.ch swttc:h pos-ttlor. is listed in the 
following table. 

SWITCH POSITION Affi TO FLT. STA. AIR TO CARGO CD:IIPT. 

"::\11::-f' 
":\OR.'I" 
"D:CR'" 
''::VIA..'C'' 

FLT STA AIR FLOW 
NOO'-' 

0 

U(~o(1l)oii1Ci! 

o 11AX 
I 

' 

0 percent 
=~ ~rcent 
6~ percent 

100 j><•r::ent 

\ ..-----;close 0': 

isol 
de bus 

1 open 38~ 
\ 

,_-- -· 
o-- -jopen 68~ 
o---i open 100: 

flight station 
diverter valve 

: "'0 ;e:-:c::: 
~~ ;=e!"C(..' ": · 

:!1 ;:;e:-cc ~· 

i e:: 
t.rit 

FIG. 4-7 FLIGHT STATION DIVERTER VALVE CONTROL 
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When the APU or ground compressor is used to supply bleed :lir for :1ir 
conditioning, the switch should be placed m the "L'\CR" positiOn. When so 
placed, approximately the s:une :unount of air is supplied to the flight st.:ltion 
as Is normally supplied when engine bleed air is used and the switch is in the 
"NOR.W' position. 

Air from the right-hand system Is ducted to the flight st.:ltlon alternate air valve, 
located In the left distribution duct opposite the flight station diverter valve. 
The :1lternate air valve is similar to the diverter valve, except that It has only 
tw~ positions. The valve is controUed by the Am COND MASTER switch. It is 
normally closed, but is driven to the open position when the master switch is 
positioned to "RlGHT. " In the closed position, all of the a:r from the rtght­
hruld system is directed to the cargo comparbnent. \\<ben t.l)e valve is open, 38 
percent of this :1ir is diverted t:> the flight station through an altern:lte supply 
duct. The control circuit for the valve Is shown in Figure ·1- S. 

Conditioned air from both systems combines m a fiberglas mLxing ch:1r.1ber 
located between the two diverter valves and is supplied to the cargo compartment 
through overhead ducting. Conditioned air for the flight station is suppllcd to 
two overhead outlets, and to mdividual outlets for the pilot. copilot, fll;:ht 
engineer, and navigator. The pilot and coptlot each have a foot-war.ncr outlet 

No.2 main 
de bus 

~ ~~~~--------------~r ---r,,~l~o~see~ 
flo lcr I ~--

:~-~------~ ~-:--~-----~o~~~e~r.:· _j 
--------~ L---~cr~-> 
.,~ _, 

~---' 

'lHlowli':iit 
control relay ! 

I CO"'?a r~.,en: 

a'rva·.~ 
• I 

' I i'l 
·l~_J 

L"low 'i'nit 
to cargo 

. _). . 

~ <?~o APU 0 0:~GIH~ •... 

/O /O o!'·· to r ,1 g1t L _____ ..t _______ / o station 
PAM 

,. ..... - ... 
I ::I •• ~ .. ,.~ -... . . -

FIG. 4-8 FLIGHT STATION ALTERNATE AIR VALVE CONTROL 
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:md a bodv-wanncr outlet. Air for the D1ght engineer :md nav1g:uor is supplied 
through louvered p:mcls in the b:~sc of their control consoles. All of the 
indtvtdual outlets are equipped with m'-'lually operated valves so that each crew 
member can regulate his own supply oi air. 

Cool air is supplied from the left-hand air conditioning system to indlvtdual 
psper ("eye-ball") outlets In the flight station. There are eig!lt of these out­
lets, one for each member of the fllght crew .lnd one at each of the relief crew 
sections. Each outlet contains a m:mually operated valve wltich 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 msulatlng covers consist of a 
fiberglas blanket sandwiched between two layers of fiberglas cloth. They are 
mn.de in stations to fit the uucts anti are held in place b,· hose-type cla:r ps. 

Air Conditioning Svstem Control 

Figure 4-9 shows the air conditioning systems control sc~ematic. When :!le 
Affi CO:-."D :'\!.ASTER swi:c!o is positioned to "RIGHT," "OFF," or "RA:I!," <he 
left-h::md flow control vah·e is energized closed. In the "LEFT," "OFF. ·• and 
"RAi\.f'' positions, the rtght-hand valve is energized closed. Thus, when a;r is 
nv3il:>ble to the v::~lvos, both v:.lve~ open to supply Q!r to the :11r conclt,cn~; 
-.;yst..:T:'ls ·.'.'!'lc~ t!~c ~~:ste!· s~r tc:, 1~ ~ .. APt··· .>r ··BrT:-1. ·· "'nh &.·..: :-· ..; •. ~-::.::";~J 
valve is open m 'TJGHT." n.n<l oniy the.: l!lrt-hanu valve is open ::~"LC:f7 ... 
B~c:tusc th~,;;. \'at\·~; ·1 ~·c s:prl:\'.!-l,a.!cc! ;:t.J~ ....... 'l!'lcl :.·cc;.'..!! :-~ :t:r :··.;~.:::..::-~ ·-.~ ~~~='. 

~he S\'Stcn1 pr~ssJ~c rec;'Jbt~~· \'::i.:vcs J!'c 1..-sec! ~t lh:s tlme, w:1:ch 3.:t.:t3 c:: 
:h.,;.~~· 3t:p;:I:· :o ::~::: ~ -_.,,•.-..: ~ :::o: •:;!.•.,. .;, ::~:~:C!' ·::l,:c .3 c: );~d 1;·. ! ·· ... :·· .... : ·~ 

C\'t:!".:~.~: CC'::::. :::\:~. u~-: · · :::~:::G :;_ ..J!L:5.::' . 5~,;£ :.:.:..::: ·:~.·.-cs. .;. ~~ .:.~:.. 

CJ!..>~:: :cnl;;ct·::t:~.:·'"' lS cont:.·~·!l<...- I;·. pos,:~ n.:1~ ~.lc :\!~~lr•.::.·atu:.·c cuntrv. \;.:>:c. 
~c!ding!":'lO:'C or 11!~3 hot :1:r. :.ts !"e";.tt~·eti.: • :b ... c"'vl ;:Hr fr~M ·!~e ·.•.-at~~· 
.iep:lr-::ttor. ScfXl,r::tte temper:nure c >ntro~s .J re ;>rc ... tdeC :l)r t~e f:!;h: st.1~:c:~ 
:md cargo conpartment. CJch syste:n has both autol:'latic and l':l:l..'lUJ! opero.tmg 
features, o.nd the two modes of operation are mdepcndem of e:~ch other. Both 
..;cts of controls :\!"C; loc:tl.:c.! ....,n t!'tc Lnvn·C'I1r"~'nt.:'J C( '1t~ol .P:l:":uL T~:c :1:=!':: 
.;tat:on ;~:m;;c.::'"lturc c01:trol.> :Ire m th.: uppe!' !.:rt corner of t:1c ;>:mel. :lllc the 
cargo compartment controls n.re in the upper rtght 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. The right-hand system supplies the cargo 
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FIGURE 4-9. AlP CONDITIONI NG SYSTEMS CONTROL SCHE:~ATIC 

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 thr~ugh the 
master switch only when th:! corresponding air conditioning system is selected 
for use. 
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Svstem Components 

Each system consists of the following: 

0 Temperature control switch 
.. 

0 Temperature selector rheostat 

0 High-limit thermal switch 

0 Cabin temperature sensor unit 

0 Duct anticipator and high-limit sensor 

0 Temperature control box 

Tbe temperature control switch Is a four-position toggle switch us'!d for manual 
tempernture control. When toggled te> 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 
aut=tic control circwt. The switch remainS in "AUTO" until manually 
positioned back to "HOLD." 

ln the automatic mode of oper:ltion, cabin temperature may be selected by 
positioning a rheostat. The rheostat provides electrical signals to the 
temperature control box corresponding to the selection. The temperature 
selectton range is from 5 to 43•c (40 to uo•F). :\lid-range (!2 o'clock 
position) Is 23"C (7S.F). 

A high-limit thermal switch is Installed in each system supply duct, upstre:un 
from the d!verter valves In the cargo compartment. The switches actuate at 
150"C (300°F) to protect the distributie>n ducts from excessively high temper­
ature c!uri:lg manual control. 

Two negative coe!ficient, therm1stor-type temperature sensing units are mstalled 
in the nircraft to sense cnbm temperature and to prov1de corresponding signals 
to the temperature control boxes. The flight station sensor is locnted behind the 
flight engineer's Lighting Control Panel In the upper right corner of the fl1ght 
engineer's console. It senses night station temperature through a hole provided 
on the aft side of the console. The cargo compartment sensor is located on the 
fe>rward right side of the "hayloft" in the aft end of the cargo compartment. lt 

VOL. IV 4-15 .. 

- - --c~--------------



· .. _ 

contains an indicator sensor m addition to a temperature control sensor. The 
indicator sensor provides electrical signals to the CARGO CO;\!PT TE;\IP 
Indicator, located just above the Am co~ :'>lASTER 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 sampling 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-pl!rpose umt 
consisting of two separate negative coefficient thermistor-type sensors mol.lnted 
in a common housing and is used only in the automatic mode ol temperatl.lre 
control. The anticipator part of the sensor is sensitive to temperature change 
and Is used to correct for transient tern perature changes in the duct before 
these changes can be felt in the co.bin. The htgh- limit sensor limits duct 
temperature to 150"C (Joo•F) to prevent damage to the ducting due :o overheo.t. 

Solid state type tempero.turc control boxes position the tempero.ture control 
valves during the automatic mode of operation. The cargo comparoncnt 
temperature control box is located :1bove the emer gency door on the forward 
right side of the cargo compartment, next to the primal:"'; heat exchanger and 
low-limit control boxes. l11e flight statio·~ tempero.turc control box ts located 
under the filght station f1oo1·, forward of tne underdeck rc!:1y panel. Access to 
the box is through the to!lct compartment. 

Svstem ()p.c1·ation 

Figure -t-10 shows the e!cctncal schcrr.:nic :or cabin ten:peraturc centre.: . 
Power is appl:ed to the tempcr:nure control switch thrm:!;h Lite :·UR CC:O.:::> 
:\L-\S'!ER swi:c!: only when tl:c ccrrcspond!n!; air condltiO:!:n; sy.;:cn; :~ i;.:::::: 
used. When :he :emper::t1::-c control switch 1s :o:;6lec to ··HoT• or ·coo:..·· 
power is supplied to dr1vc Ute temperature control valve. U the v::Ivc .s d:·1Yen 
towo.rd "hot" and the duct tcmpero.tu.re reaches l50"C (300.F). the h1gh-limit 
thermal switch closes and ener-;;tzcs the TE.\IP OVP.T relay. 1.\1ten ·!:.; :·cl1y is 
energized. It removes <he ''hot•• S1gn::l ~o the valve anc S\tppltcs powe:· t:) ertr.: 
the valve toward closed. Thtl th~:rmnl switch resets when the <!uct temper:tturc 
drops below 1so•c (300.F). When using manual temperature control, the 
operator should toggle the switch moment:trily: He should wait between e:tch 
o.ctuO.tlon to allow the temperature to st:lbtlize. 

In "AUTO." the :ernpe_·ature contt·ol swttch applies power to o:;ncrgtzc the T:.\rP 
CONTROL relay. When energ1zed, this rcl:ly applies power to the tcmpcr:lture 
control box and removes power from the TE.\IP OVHT relay. l11c temper:uure 
control box compares U1e s1gnals received from the cab1n sensor, antiCipator 
and high- limit sensor, and the selector rheostat, and supplies power to dr1ve 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 
r E!circulated by the ejector 
assembly; the excess 
flows up into the cargo 
c.ompartment through 
louver ed panels along the 
sides. Fiberglas cloth 
insulating blankets are 
installed under the 
distribution ducts to help 
hold the heat up under the 
floor a.s shown ln Figure 4- 12. 

~ 

SECTIONAL VIEW 

FIGURE 4-12. FLOOR HEAT AIR 
DISTRIBUTION 

ComPOnents 

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 Shutof! \':th·e 

The floor heat shutoff valve is located in the APt: and ~round hl!~!l-p:essure 
supply dt:ct whe:-e the ..!::c~ :ecs into the bh:ed a:: r:laruiold m tllc cen~e: ·.v:::g 
section. T.:ts \'31\·e i~ a rr.otc:- driven buttcr11y type, powered br ~S-volts. cc, 
Access to llw \':l!ve JS through the h~!t-band bleed air rr.::mifold access panel tr. 
the center win~ sect:on. 

Floor Heat Ret:Ulator Valve 

The Ooo:- hc::tt regulator v::llve is locatec m :he floor he:~:: supp!•· d::c: in :he 
APt; co~partmcnt. it ts :1 solenoid-cont~·olled. :ur actu:lt'-'d, :noculating 
butterfly-type v::tlve wtth :1 shutoff feature. It is energ1Zed open. ..>.ccess to the 
valve is through the inboard APU comp::trtment :1ccess panel. This panel is 
located under the forward end of the left main landlng gear pod :md 1s held 1:1 
place with cam-lock f:lsteners. A schem:ltac cutawa~· of tl1e regulator \·ah·e 1s 

shown in Figure -t- 13 . 

.. 
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Pnewnatic Thennostats 

Two te.nper:uure sensing pneumatic thermostats are used to control the modu­
lation of the floor he:lt regulator valve. Both thennost:lts are connected to the 
valve through l/4-inch tubing. One thermostat Is :m anticipator sensor. It is 
installed in the forward end of the aft distribution duct and is sensitive to rapid 
clunges in temperature. The other thermostat is the control sensor. It is 
mounted on a bracket next to the ejector assembly where it can sense lhc 
temperature of the rccircula~ed air. It ts set to operate at lS'C (65.F). A 
cut.1way view oi the thermostat is shown in Figure 4-H. The temperature 

atmosphere vent 

control valve 
and seat 

... ~;'1 ~x::a.,s~o:1 
materia l 

control r pressure 

' ' -------.J ' _________ J 

calf!:lra~io" 
1c::~· sc'06ew 

low expansion 
material 

FIGURE 4-14. PNEUMATIC THERMOSTAT 
.. 
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sensing probe is of bimetallic construction and att:lches to a spring-loaded 
ball-type poppet valve. When subjected to heat, the probe expands and unseats 
the b:Ul. This action provides a vent for the regulator valve control pressure. 
When the ball valve opens, the regul •tor valve butterfly moves toward clos~d; 
when the ball valve moves toward closed, the regulator valve butterfly moves 
towar d open. 

Overheat Thermal Switch 

A bimetallic-type overh< at thermal switch is mounted on a bracket near the 
fonvard end of the aft di~ tributior. duct. It is positioned to sense the 
temperature of the air co-ning from the first outlet and actuates at l24'C (225.F). 
The thermal switch is wiied into the APU compartment and cargo floor overheat 
system. 

System OPeration 

As shown in Figure 4-15, wh~n ' he floor heat system is turned on, bleed air is 
supplied to the ejector assemtly ~hrough the floor heat regulator valve. 
Modulation of the valve butterf y fs controlled by the pneumatic thermostats 
so thar:ihe valve continuously s•.tpplies just enough hot air to maint:lin an 
underfloor temperature of 1s•c (65.F). 

The fLOOR HEAT switch receiws power from the AIR COND :'.lASTER switch. 
and the system can be operated "::en the master switch is in :my ,:osition exce? t 
"ENG START. " 

If an overheat conct:tion occurs, the C:lrrgo floor overheat control r·el:l:: ;s 
energized, which removes power from the regulator \"alve Md dnves i: cl..,se~. 
A holding circuit keeps the \'al\·c;; l:!osed until the 3ys:em ls 1·esc t. ~ 

During emcrg:ency dcpruss~;::: .&: ;n. Ul~ f:oor heo.L shutoi: v~ivc. . .5 c los e<! t ,:\ 

shut off floor heat. When the E~lERG DEPRESS switch is posn:on.::c! :o 
"DEPRESS," the ~o. 1 CABIN PRESS Dt':VIP RELAY energizes o.nd removes 
power from the v:~lve. ''E~. r:::RG D C PRESS" does nor :!:lee: :he· :! ·"' ' ~1e::n 
shutoff valve. 

* See Bleed Air Overheat Detection System. Chapter 2. 
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GROU~D AIR CO~DITIOXT:\G 

Provisions are included for connectin.; a mobile ground air conditionm,; u11it 
into the aircra.ft' s conditioned-air distribution ducting. The connector is 
located on the right side of the fuselage at F. S. 477 as shown in Figure 4-16. 
A llapper-type check valve is installed 1n t.!Je supply duct to prevent reverse 
llow. The connector is protected by a circular cover plate which is fastened 
with nine flush-mounted Allen-head screws. 

' .... -. 
c:::rc ;r.l: 

FIGURE 4-16. G~OLil~ AI~ CJ:::n::ii:,G 
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RA..\1 AIR VE:-<TILA TIO:-: SYSTE:.\1 

Ram :ur may be used for ventilatiOn in the :lircraft if air condlttoning and 
pressurization are not required or cannot be used. Alr is supplied through :1 

shutoff valve from the right-h:lnd ram air inlet and is ducted into the aircraft 
through the left- hand air condltioni.'lg system distribution ducting. Through this 
ducting, r:un asr can be supplied to all of the outlets In the aircr:lft, including 
the g:tspers. Approximately 500 cfm of air is supplied to the flight station and 
2000 cbn Is supplied to the cargo compartment. The system Is shown in 
"Figure 4-17. 

RH 
ram air 9 
inlet 

RH refri g unIt 

rar.1 air 
ventilation 

valve 

II 
~o concitiJnec_-r~------------J~ ) I 
a·~ ;,_:'e:s~ - -----..., _/ 

~ J !I 
I :ror ~f' a'r lj 
. cond un't 

.• ;a~~e~ ~~==.-~~::::::::::::::::::::::::::::~ 
c:..: i :!:s 

F•.G·'RE !!-_i 7' o .•·: . !:l , =·-,I ·-rn· U f,fl: l -.I ' 1 -1 . ._- l .v l \ 

Ibm Air Vcntdatlon Vo.Jvc 

The r:un :!tr \'en:ilatson valve IS located JUS: forw:tr:! of t!1c nght-hanc 
refrsger:ttion unit sn the center wmg secuon. It is ins:alled in a short sec:ion 
of ductlng which connects the rtght-b.:lnd ram :lir inlet to the left-hand system 
distribution duct. The valve Is :1 motor-driven butterfly type and is controlled 
by th'l Affi COND MASTER switch. 
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Svstcm Control :lnd Operation 

Figure 4-18 shows the control schematic for the ram air vcntil:ltion v:~lve. The 
valve is controlled directly through the m:lstcr switch. When the switch is 
placed in the "RA.\1" position, the v:~lve is driven open. In all other posit1ons 
of the switch, the valve is closed. 

isol 
de bus 

AIR CONO ~lASTER 

ENG BOTH 
START 

APU 

RAM 
close 

ooen 

FIGURE 4-18. RAr-1 AIR 'IE.':TILATION CONTROL SCHE~.t~.T!C 

Si:tce r:trn :ur presscrc is \'C!~· srr::t:! (1})out ~psi ma.xi~l\~"":1 ,. ! .• s n.-:C ~ .!.;:::" 

t..l de~re3~~r!ze t:~2 ~n·cr:tlt bl·torc l~e r . .._":'l at!" C:!...'1 e:1:cr ::,r ~·: . ._::t ~~e ~~~'.:~.~ 

whlc:t :J:;s ~ : .. e p:-css\.o:~z:l:ion s::ste::: c~:f.o\'." v:!:..·es: vpc:1 ~e!! :::~ :: . .lS: ( :­

swt:ch IS positioned to ' 'R:\.\1." T!lese control c.:-cui:s :lre c•scussed :n 1hc 
iC'!lO\''tnc c~:Lp~e:-. A1s". bt,· ij:Cnin;: :~1e c-.:::~;\\ •;:tlvcs. :1n oc:let :.o:: :.::c :-:lr." 

:.:r t~ p:- ~~ . . u~C to L:r.sur ... \ ~<.!cq\...:~:c · _nt!: :ltl .C ~. 

ELECTRICAL A..'\0 E L£C7RO::-<ICS EQL"!P:'>!E::\T COOLJ);G SYS':'£~.15 

2\Iost of the :tvtonics systems "bl:~ck boxes'' :l.!ld the :!'IJ)Or:t\' cf the elec!:-ic:~! 
dist:-ibut:on systcr:l components o.rc ix:lte-:: under :he !11:;~.: ':cck L!oor. Smcc 
t!lese untts generate :t grc:lt clc::tl of he:lt when oper:ltmg . spec•:tl cooling s~·st~r.:s 

are provided to ensure adequ:~te cooling of the compon~nts . The cooling 1s 

accomplished by circulating c::tbin air :~round the components. 
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Electncal Eguioment 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 
m·ounted llllder the floor in the 
aft right corner of the Oight 
station as shown in Figure 
~-19. The fans are driven 
by 115- volt 3-pbase ac motors, 
and are rated at 240 cfm each. 
One or both fans normally 
operate any time power is on 
the aircraft. Access to :he 
fans is through the to!let 
compartment. 

Svstem Operation 

Figure 4-20 shows the control 
schematic for the electrical 
equipment cooling fans. 
Whenever power is on the 
:lircr:~ft, the No. 1 fan 
norm:llly opera:es and the 
No. 1 cooling i:l!l current 
sensing relay lS encr~tzct!. 

When the :urcraft is in the 
a1r. thts relay 3U;>p!l"s '" 

electrical 
equipment 

cool i nq rans 

~·Gu0E 1' 1° ~L;c-~·c'L . 1 "'\ '1- ... ~.. .... l..lr. -r··· ~:·~··- C"'O' '"': ~ :J'' t.:.:J~lr. ...... ..~ -· •'0 r .H 

LOCA-;- I Of l 

gr >und through the dccncr;;ized c. m::cts .; tl:e );o. :! touchdown re::l) 10 cne:·l>- ~" 
the ::-!o. 2 f:\n control rul:1y. \Vith this rcl:l)' cneqpzed, the :-<o. 2 fan does not 
oper:~te. However. tf Ute ::-!o. 1 f:1n fails , the :-lo. l cooling f:~n sensmg rel:ly 
decnergizcs w!Jich r"moves tl1c :;=-ound :r"m the :-io. ~ f:t:t c >nt!'ol :-el:l' . 7!-:e 
relay then c!ccncr;;Izcs :lnd applies power to the );o. 1 t:ln. I! the ::-<o. ~ fan 
fails also, a ground Is provided through the c!eenergtzed contacts of the :\o. l 
cooling fan current stmslng relay, the No. 2 touchdown rel:ly, :1nd the :-io. 2 
cooling f:~n current senstng rel:l\', to the fail indicator light at the flight 
engineer's console. 1! either fan is oper:lting while the a1rcra!t is in the air , 
there is no f:tflure indication. 

When the :urcr:lft is on the ground, the :-lo. 2 touchdown relay ts energtzed, 
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 scnslng rel:1y deencrglzcs and supplies a ground through the 
onorgizod contacts of the touchdown reby to the fall lndlc!ltor light. II the ~o. 2 
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fan fails, the No. 2 cooling fan current sensing relay applies a ground from the 
energi:l.ed contacts of the touchdown relo.y to the light. Thus, a fo.llure 
indico.tlon Is provided if either !o.n fails while the aircraft is on the ground. 

Electronics Eguioment 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 
lhe belly of the fuselage, forward of F. S. 452. The two fans are electric-motor 
driven, using 115-volt 3-pbase 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 ductmg when one 
fan is not operating. 

equipment 
racks 

Flow Contr-ol Valve 

check valve 

fan 

manual 
ove7ride 

.. , 0 '1( 

control 
valve 

A cur.o.way view of the valve IS shown in Figure 4-22. It is an :u:- actuo.tec! 
"unbalanced" butterl1\· •-o.lve w1th both solenoid ccnu· •I :1nn manunl O\'er:-1cc 
feat'Jres. The vnlvc IS 3prmg-loadcci open and air-actu:ue~ •own~-! c!cscc. 
When the o.ircraft is on the ground, the solenoid is energized to hold the 
butterfly fully open. When the :urcraft is in the a1r, the butterfly modulates 
to prov1de suffic1ent :lirflow for elec:ronics equtpment cooling. At the same 
time, however, this o.~rflow is not great enough to be detrimento.l to aircraft 
pressurizo.tion. 

The manuo.l override tee-handle is located to the right of the s:cp le:tdmg down 
into the underdeck o.reo. just forward or the flight deck entrance lo.dder. When 
the tee-handle is pushed in to the "OPEN" position, the valve is mechanico.lly 
held fully open. The "CLOSE" override position, however, will not close the 
valve. If the tee-handle is pu1lod out to tho "CLOSE" position, :1 moch.lnical 
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link:l.ge over:-tdes the solen !d and allows the valve to modulate a.ccordin~; to 
the airflow. 

Svstem Ooeration 

Sy.stem operation is similar to the electrical equipment cooling system 
operation. Ooe fan normally operates when the aircraft is in the air, and 
both f:ms operate when the aircraft Is on the ground. In flight, if one f:m fails, 
the other f:m is activated automatically. If both !:ms fail, a failure indicatiOn 
is provided at both navigator's station :md flight engineer's station. When the 
aircraft is on the ground, the second fan ts activated through :1 microswitch in 
the flow control valve. In this configuration, the failure tndicatton is prov1dcd 
if e1ther fan bils. The electrical schematic of the system is shown in 
Figure -t-23. 

•• ,. ~- o( ........ ~ 

~;.~sn :he a.-:.r!::ocft ..:a o~ :r..~ :::oo:.t"'!i., the ~t,.:J ~~~:!' ..... : ".::::.:e 
so:enoid is enerci=•d to ho:i :~e ~aZue :~:: open ar.i s!cr~ 
;he No. 2 :~n. ~ower is a?plied to the soZ~no~i thrOUf~ 
th~ eneraized con~acts of th~ No, 4 touchiow~ :'e:c~. Eo~­
e··er., wio~r. '")OWer ~s ':'e,c=:ed ~~-:-o,.. :r.e 3?3'!8_, ~r :..:he .. : •i:e 
~ .. ·.,.,.,., ~-·- ... ,.. ·."s !J ...... ~ f'~~ ...... ··1 ,;~e ""e .......... l!~ • ..., ""', ... ...,." -"" ··.;. -
...... - .. .. • "" ...... . : - • ".: ,I :. • ~ • :. - ..... 0 • ::: .. ~ -... ~.. :. :. .. : : • • - : : .. : ·_ 

....... '!'0~ -:.~3 so .. i'"':O:...... . _ .,rJ ... c ... r.tl ..... ":'*;e s-~e ~ .~ ~ ..... e . ..,--
cc~:, c~ ~r~ ia =~oi~='i ;:~~.?c :~e ~e:~~ :a~:cc:J ;s =~s 
:o:e~c~~ ~ee~~~:~=e~. :;~~~ =~=~~; ~~~~~M=~a :a~ :~:a=~~ 
~== ::~:e~.: ~i;~ := ~=~~~ ~=:~ : =~z ~e.:~. 

:c 3;:~~ ~~~~ :-:~:~-. ::~ ~:e~=~~ ~=~ =~~-:~===~ :: :~a 
..,. ;·~·€ ":.:;; ::;;.;"':. -~::~ ... ~: -: ~ ';:e. ~-:.~ 3;;·:z: . :~::.: .::;~: ... 
:~.:=;;;:.e.-: :":: ~ .-... ~~:-~~.-: · .-~ =~c . ; ~ - .-"'=..._. -..:...:-~-: .: ...... ~~~ 
O!'V!"~:::or. . . ~:a~., :r.-2 ..... ;~t.l c~ -.,.::: :c:...crtc.~:uto: :'e .. -::- :~:: 

• "· • : 1" •• .~ ..... • • ... • ..: .. :,.._ ... o ..., ........ ;.. ... ;._3 •·e -3!l='!' ... ":..es ~ ~l""0:.4to:_ . :J':" ... ~e • _.,, .. ~_ ... __ .......... ~ ... ·- v • 

;: :::;. : '"': "': e ~ ! c .i . :- ~ i .J .:. _. - :. ... ': ..; :· • ~ > -~ :; = ;: ~.: · ~.;" ... - : : . .;- . : .. · · ~. ~ .. . . 
.. ,• ; :..:· .;t•: 

:~~ iae= ..._o~ O?e:-~=~ a ~ :11e ;~ ~~=. 

• This modilication may not be pcrm:~nent. 
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S'!'UDY QUESTIONS 

1. Ho~ is the hot bLeed air used for air conditioning cooLed? 

2 ,, What does "air conditioning" mear.? _ ___________ _ 

3. What is the purpose of the fl.o~ control. and shutoff val.ve? ____________________________________________ _ 

4. The fZo~ controL valve ia_:----:--7'"-;-- controned, ___ 
7 

actuated, spring - Zoaded -------- , and 
energiaed ___________ __ 

5 . The fZo~ control vaLves are normaZZy controlLed by the 
:------------------switch> but can be over~i.iC.en c:ose.i 
bY------------------------------ and ------------------

6. What indications ~iZZ be in evidence if a ;zo~ control 
vaLve fa i 7. s c 1.o sed? _______________________________ _ 

7. -~ame the positions o: the masrer s~itch in order :rom 
1. aft to right and teZZ ~hat each position controLs . 

a. Whav conC~:~ons mus: be me~ ir. or~e~ to 
cor..Ci~i.on·;nfi B:JB!e"i O'"t !he g!"07-<r.C.? _ __________________ _ 

9 . What does :he ~e;rige~ction pac~cge consist o:? - --

. -

.:. .... ~·hat -::a vhe p~imcry purpose o~ essor 

12 . What is the p~rpose of the jet pump csse~~:y in :~e 
!'e frig era t -~on unit? ________________________ _ 

13 . What is the purpose of the Zo~ - ·imit sye;em ana no:.: ,;,oes 
it operate? _ __________________________________ _ 

14. What is ~he mecns of bearing tuOrica!ior. in =~e cco :~r.; turbine assembLy? _________________________________ _ 

15. OF is considered a turbine overheat condition. 

16 . How is tha tur bin9 protected f rom an overheat condition? 

.. 
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1? . What t.s the purpose of the wate r separator? ______ _ 

18 . How is the water separator protected from damage due to 
freezing if -.he Low· Limi:; system faiLs? ________ _ 

19 . Approzimately percent of the ufree" moisture 
is removed by •ne water separator . 

20 . ·where are the air conditioning system components :oca•ed? 

21 . How is cabin temperature controL accompLished? ____ _ 

22 . What type of thermostats are used in the cabin ;e~?era,~re 
controL eys tem? ______________________ _ 

23 . _______ 0 p ie considered a duct overheat condi~ion . 

24 . Ho~ are the ducts ?rotect2d from an ove~h~c: cor.~i~~~~? 

25 . What vaZve is cont~oZZed by tr.e ~~igh: sta:ior. ~e~~z~~=~re 
~on t )10 Z s!:J .. ; -cc h ? __________________ _ 

26 . I~ ~cbin tem?e~~~~~e (e i:~e~ !~ste~i ~=~ ~:~!-~d ~=~=~=~~a~ 
e~tner cueomc:~ec,~y or mc~~~~t~~ !~e ;~c~c3-a c~~-~ -~ 
c .• .. c.-:..I.ure o .~ =he ~ssocia~e..: _________________ _ 

27. How ~c~:d :he :~igk: e:a:i~n :e~?e~~=~re ~~ a::t::Ji ~: 
~he ~:~g~: scc=~o~ 3enso~ :e=~~sa =~~=~ :~=~~~e- ~~=~ 
C:"s:) ~ ---------------------------------------

28 . How wou!d the cargo compcrtme~c =emperc~~re be =::e::ei 
i .• !he ~or..t::-oZ. ser:so!' in ; i;e cc::''O ~or'?Cr"'!.-;cp:-; s.a':3"'>-:.? 
ur:i:: a Fer: e i-: ___________________________ _ 

2 9. J.lha: con r:ro~s atte used :o re;tt :a-c:2 1::c.r~o co...,;c::'1:;-:e"::; 
tem~era::u::-e ;; ~;:e lef~-hand ai~ co~~~=~~>=i~i ~~~= ;~ 
turned o:f'? __________________________ _ 

30. What provides the aigna~s ~o =na compartr.en= te~?e~c-;~~~ 
ind-::cator o~ Er.uO::.ronmentc:~ Con't::"O~ !'c:"!e'Z? ________ __ 

31. With the FLT STA AIR FLOj.l switch in "NORW' and ti:e :.:2 
COND MASTER switch in "BCTH," the air [Zow clistri;,urion 
from the right-hand system is percent ;o the 
flight statio't and perce~c to the c=~;o 
compc:rtmen t . 
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32. (TRUE - FALSE) Changing :he tenpera:ure in the :t~;~t 
station has no e:fect on the cargo co~partmene a~nc~ cha 
two systems are independent. 

33 . clca~r.cte 

34 , The {toor hea~ systen receives air fro~ the 

35. The underf!oor area is protected from overhea: oy ____ __ 
________ which actuates at Op and causua 

3 6. The ___________ s witch 'torr~ta·~Z.u con!ro!s :;:2 

heat B'.{Btem , bu: the valves can be O;Jerzoi.ide-: ,; ~ -----
--------------------- end ______________________________ __ 

37. What :ype o; veLva ~s :he ;zoor hec: re~u:~:or ~~=~~ ~~= 
hotJ is -::! cor: :!'o 'Z.:. sd ? ____________________ __ 

38. Wha: :ype of v~!ve ia ~he f!oor ~ea: s~~=o~~ ~=:~a :':~ 

39. 

41. 

. -, ., . 

.. , .. 

itotJ is i! con ::ro Z: e d ? ____________________ _ 

:"he ::ir ... J!'oro .ra..., cO::r ve~:~!atior. ~o.'T.es .:~'!'o..-: :=~a ______ - ·~ -:·: .i 
ra""' cir -::~:e~ c:~C ~;.; .;:~::riO:..::a.;:· ~t:r::..:;~ ~ ;: :! ________ - ·..: ,:.: 
s~s~~~ C~a~~iJu:~on ~uc:a . 

~.:ro: :oc..:-:2.:£~ -------------------------------------
....... -~.:.,..,..,. 
...... v ,; "' ·:::- --· ==:c 

~--· .. ---

. . . - ... ..,. -.... .. ,. .... 
\,o ... .... - ... . -- -- ., ;, .: :·:·.- -: , :..: . . 

:>:C-::.!c::?:- ... :.~ r:. :: 
3::.:;: .:- • .: : =: £.: ... --------------

. - . 
~~U~?~er.; ~~=-~~; 

~han uo~:d ~he e!~a;rica: ~=~~;~e~~ ~oo:~~~ 
;.,· ·- . . :··--.. ·r.,..-~:? 
~,. ... fll:... oe ...... ~ ~ .. ,., ........ ~ ... ---------------------

..... . · 

~6. What indicc~ion, if =n•, wcu:d be ;iven £{ :'· ~-~~=z-=~•cs 
aquipmen~ cooZing system [Zow con~roZ vcZ~e :ai:ed :o 

4?. 

energize upon touch down ? _________________________________ _ 

What ol."'a'i ture i.t:di.cc. e i.on(s) is t::.:-e) f''i:Jan -:,,..1."' ei:e ;,'c . 
slsct:~onO::cs equ.:.pment coo:ing tan. .. r-c.i:s C:..tr~n~ . .:-:..;;r.:? 
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.; g. :.:~:4:..:. bs s~o?zc-: · ... :::B ~:·:o:,i::3 

::.;h:s -::::u-:.n.::::.e ~?On :o!l:i:c.'o:Jr:.? 

49. Re:e~ eo q~esc~on ~o. ~8. ~h:: wouZd be the e~siQs! 
... • J ... • • • • ~ 0 ... ... • ._... .. 

ne~no~ OJ ceeerm~nt~g wns~ne~ or no~ ~ne :~ow con:ro~ 

·vatve has jaiLed to energize? ______________ _ 

50 . Refer to question Yo . 18 . What wouZd be the sasiJst 
method of de~ermining :.~hether a ."ar: has faiLed? 



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 regulating the outflow. The air conditioning systems 
provide the input; the pressurization syste111 controls the outflow. 

The metal seams, fixed windows, and similar structures in the fulelage 
are permanently sealed against air leakage. A rubber flap-type seal is 
used on the ramp and aft pressure door. A pressurized rubber seo.l 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 ·.vhen the cabin is pressurized. It is necessary to 
maintain good sealing of the fuselage at all tL<:~es to ensure good efficie:-~cy 
of the pressurizo.tion syster.-J . Any :ime repo.irs are r.1ad2 to the fuse!a;;e, 
care should be taken to clean and se:l.l the repaired structure. 

It 1s desirable to maimaL'l the cabin :l.ltitude as nea= sea !c,·el o.s poss1ole. 
However, a differc:ltial :>res sure of l~ pounds ;>er squa:-e inc!1 Ls :.~e(iuireO:: 

to mai:uo.:....:. :t se:.1 lcvei cabrn prcssu:·e ·.vhc.:1 the atrcr~~ :s ::t .;c .. r ~··· : e~ ::.. 

E\"en thcug!'l this pressur2 ~ppe:1:.·s smnl!, it p!· ~d::cc5 a :orc:c c~ ::-_~ 
pounds on each squo.rc foot of surface area. To •l'ithstand such n ;>:·ess~.:::-c 
safely, the fuselage would have to be of sufficiently heavy construc:ion to 
withst:tnd v.~.·Lcc t!:::: t.J~1ou:1: oi p!·cs~i.t!"c. lt is r.n:ch ~ore ::.~~~ct:c:ll tel 

build :1 lighter s~ructurc ::tnu lirnit the iliffc-!'cnti:.tl prcsst:rc to~ le~ser 
value. This procedure me:tns that a sea level cabin can be maintamed 
only until the aircraft reaches :1 S[leclfied altitude. Above this altitude, 
the cab1n altitude must also r1se in order to prevent further pressurization. 

A normal maximwn di!ferential pressure of S. !! psi is used in the Star­
Lifter. With th1s pressure, o. seo. level cabin nltituc!e c~n he mo.intaincd 
until the aircro..Ct reaches approximately 21,000 feet, and :m SOOO- foot 
cabin can be maintained a. 40,000 feet. Other cabin altitudes and 
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corresponding :urcraft altitudes are listed ln the following table: 

Cabin Altitude Aircraft Altitude 

-1000 feet 19,000 feet 

1000 feet 23,000 feet 

2000 feet 25,000 feet 

4000 feet 30, ooo feet 

6000 feet 35,000 feet 

Cabin pressure is normally controlled automatically. However. the system 
permits the operator to select desired cab1n altitudes and rates of change. An 
altitude adjustment on the automattc pressure controller, as shown tn Figure 
5-l, permits altitude selections of from minus 1000 feet to 10,000 feet. A rate 

RAIE 
o r 
E -, :S) 

PRESS 
~;:::..;::;:==~ 

CONTROL 

FIGURE - 1 C'"' 1 . , o::>cs~ ··~- --..,-°CLL-" : ~- , ;.·u.it . ,._ ~w:\:. \..Ut, 1 .. · !::. .... 

adjustment perm1ts cabm ratc-of-c:Jnn,c sekcttons of irom 200 tl'l 20CO feet pe:· 
mmute. A pointer on the face c.f the controlkr displ::tys the selcc1ed :::~bm 
altitude and corresponding :ltre raft oltitud!! :u maximum differential pressure. 
To protect the aircraft structure from excess! ve differential pressure, a 
limiting device is built into the controller which automatically limits di!ferential 
pressure to 8. 3 psi, regardless of the altitude or rate selections. Figure s-2 

shows the various dillcrcnllal pressures for corresponding :urcraft and cabin 
altitudes. 
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Several safety features and backup devices, incorporated into both the aircr:Ut 
and the systems in order to provide ma.'<imwn protection for the aircr:Ut ::md 
flight personnel in the event of a component malfunction, follow: 

0 In order to ensure that the fuselage structure can s:Uely be pressurized 
to 8. 3 psld, the structure has been proof-tested at 17 psid. In addition, 
ever y 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 
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0 

a 10, 000-foot cabirr altitude at 40,000 feet with one system inoperative. 

The automatic pressure controller contains a high differential control 
which limits cabin differential to S. 3 psi any time the aircraft alt:tude 
exceeds the corresponding altitude for a given cabin altitude or rate 
selection. 

A manual pressure controller is included in the system and can be used 
-to control cabin pressure if the automatic controller f:J.lls. 

Two outflow valves are used to regulate air flow out of the aircraft. 
Each valve contains a safety relief mechanism which actua<es at !. 3 
psid. A max~diff,S,£ential pressure of S. 6 psic! e-n 1)e m:tint::!ncd 
with one valve inoperat1ve.-- ---
A cabin altitude limn control is also incorporated intc e:tch o:Jtflo·:: 
valve. This mechanism will modulate the \'alve :n m:tinta•n a 1:;. •.·C!~ ­
foot cabL'l :tltl,udc in :he C\'cmt of~ system :naU:.;.:\c t:on w~.ich w.:>c:c: 
tc:nd to hole! the ·coln! .pen. 

o The fuselage is built to withstand high mside pressure pushing out - not 
high outside ;Jressure pushing ln. Since it is pos1:ible to obtain :. 
nego..tn·c c!il!t.:!·cntt:tl pt·c:ssurc under ccrt.:un o.;>(.':.·~~ln~ c vnc!.itionS" . · ·:" 
3epar:uc \·n.l\'cs arc u~st~lh.:<..! in Lhu fuscl~ge to lfr.1i~ ::1~.5 ncg:ltn·~ 

wfferential to :1 maxi:n :.1..":1 of 0 . .j psi d . 

o Since cabin altitude cannot be selected over 10, 000 feet on the 
automatic pressure controller (and would not be over 6000 feet under 
most normal operatmg conditions). a CAB!:-< PRES LO\Y warnin;; is 
provided whenever cabi: altitude exceeds 10,000 feet. 

o Automatic circuits :tre provided to depressurize the aircraft upon touch­
down In order to prevent inadvertent pressurization on the groWld . 

.. 
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SYSTE:\1 CQ:\IPOI:\E:\TS 

The pressurization system cons1sts of the following: 

o Two com b1 nation outflow I safety valves 

o Jet pump pressure regulator 

o Control venturi 

o Automatic pressure controller 

o M:J.nual pressure controller 

o Two negative pressure relief valves 

In addition to these components. the systc:n also cont::Uns the fol!ow::-a:; 
components for depressurization: 

o Control fan :J.nd venturi 

o Low pressure durr.p solenoid 

o High pressure dump solenoid 

Indicators are provided to penn1t the flight engineer to ::10nitor :he sy3to:n 
operation, as follows: 

o Combination c:lbin :tlttm~tc:- :mC differe!!:i-.1 presst::-~ ~::l::e 

o Cabm ratc-d-cl::nb ind!c:ltor 

The cabtr: r:l~e-oi-cli:J:b .:-:d~c:t~O!' ~:1G :~c cvr.:r~.:_.; .:..:r .::.;J:-c.-.:s ... r::::!:!c.o: ·- ... 
located on the u;>per En·:•ronmcnta! Con~:·oi P:me!. '!'h~ lower par.el ccnt::1:13 
the automatic and m:lnual pressure controllers. the cabm a!:ir.leter and 
di!lercnti:tl pressure !~tlic:ttor . .ln<.i tl:c ~"':t!l. '1 p:-cs3'.l!'.! !c\·: ·.·::1 ·::.:-.~ :~..:!::. 

Outfiow/Sa[cl\· V:llvc 

Two outflow valves arc used to re~;ulatc C:lom pressure by conrr 'lhnc; the a1r 
flowing out of the cabm. Both v:tlves are loc:tted on the bulkhead :tbove the ~ 
pressure door, one on c:tch side. They :trc ::u::-actua:cd. popll"t-type \':ll\·cs 
and are spring- loaded closed. A source oi r:eg:uiw. ;:r~s3a:-e :s r~c~::r~d f-,r 
control. Each valve contains :1 built-in Jet pump, :1 pneumat:c rel:ty, :1 sa!et~ 
relief valve, and an ancro1d valve for cabin altitude limit control, and :1 cabin 
:llt1tude Limi~ override diaplu'agm. A cutaway v1ew of the v:tlve 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 
tjle poppet) is also open to cabin pressure through holes in the poppet. When 
the pneumatic relay is open, the jet pwnp evacuates the head chambec of the 
valve, which allows the higher pr essure 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 st:ltic 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. 'he head chamber of 
the outflow valve ~o open the poppet. At this time, the outflow valve functions 
o.s o. pressure relief valve to prevent cabin pressure from exceedi.'lg the 
maximum allowable !unit. When cabin differential drops below S. 3 psi, the 
safety relief valve closes, which allows the ouillow valve to revert to its no:-m:ll 
::u::~ction as a pressure regulator . 

. An :tneroid ·~ttl vc is used to pro,."!Ce C3bfn !llt!tude lir.1 it con:rol i:1 th2 event of :1 

s~:ster.1 rna!!u:tction ·.·:~ich W-:>'!lcl cause the outflow vnh·e to open ::tr.C depressurize 
the ai:-cr:tfL If such !1 m:ttfu.nct1on occurs a,.-,d cabin pressure decre:lses :o :1:1 

\!([~iv~!e:H :Jt::;u::!c -of t.pproxt.rr::ltt!l .. l~. ~~·(J :~eL. the ~nc:~~iC ·;.::l·:c O;:e~13. C:ab!!1 
:;:·e:3'.:::c c::~-~ ~!~e~ e:H...::· :!:~.:en:! c!::...1-:--.J~c!· o: r::e; .;:.:t:::n•. ::t."~ :c ~en:. ::!e: ~r;-pc: 
1;-a.ck tO"Nr'.::L! ctoscC !n 0rdcr :o p~·e\"e::.: :\ !\::L!:c: Ce~:e:.st: !:1 c~b:.~ presst:.:-c. 
This alutude limit control can be overridden. however, if depressurization is 
desired. Ht;h-pressu:-e ::tL·. ~!'l?IicC :o the ,,.e!"::-!Ce CJ~phr:t~, c:1~ses :he 

Tl::e he:td chan: bers of bo<h \':\1\·es are connected :o the sy3te:':'l conr::-ol io.n :1n<.! 
venturt. Tlus Wlit, used to open the vah'es when the aircraft •s on the ground, 
is also controlled through certam posltion3 of the AIR COND ~L-\STER switch. 
A rubber flap-tyr-c check \'!live •~ each outflow valve prevents a loss of head 
chatnbcr pres sur•' throu:;h the c~ntrol f:t:l and vcntu:-i \'.'hen the- unit is not 
oper:nrng. 

A cartridgtl type filter is used on the cabin vent in each outflow valve. The 
filter should be changed periodically to ensure proper operat10n. 
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Jet Pwnp Pressure Regulator 

The high pressure air, used by the jet ptm1ps 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 ptm1ps 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 re.gulates at 15 psi above cabin pressure and includes a 26 psi relief valve. 

9
15 osig 
to jet 

pump 

relief 
va1·:e 

25 :>Si'J 

FIGURE 5-4 , JET PUriP P?:SSl'qE RESULATO~ 

Control Ventun 

A \'enturt is used to supply the ne:;atil'C pt·essurc nccess:J.ry for contro!Hn~ the 
outflow valves. lt is loc:ttcd behmd Ute fuel control p:mel :n the flight enginc~ 1·•s 
station and is attached to the aircraft skin. With the air conditioning systems 
operating, cabin air flows overboard through the venturi. This :llrflow creates 
a slight negative pressure (a few inches of water) at the throat. The ncg:ltive 
pressur e is supplied to uoth pressure controllers and to the low-prcssut·c dwnp 
solenoid v:J.lvu. 

' • 
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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 
ch:unbers: the rate chamber and the control chamber, separated by the rate 
control diaphragm. The two ch:unbers are connected through a rate control 
needle valve by a passage which bypasses the rate diaphragm. 

control 
pressure 
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t 
ne>:jative 
pressure 

t 

static 
pressure 

t 
[II" -----hd adj 

di'ferential 
control 

1 _..--charbe~ 
~ v 0 f--~ 
0 0 0 0 -
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FIGURE 3-5 , AUTOMATIC PRESSl!RE COHTP.OLLER 

Tile rate eh:unber is in llu: fror.t of the controllc1· and conta•ns the :lltiludc 
selector comrol and spring assembly, the isobaric bellows, a lever assembly, 
:md the rate control needle valve. All oC the control lines connect to the control 
ch:unber on the back of the controller. This ch::unber houses the isobaric 
metering valve, the ratc filter, :lnd the diifercntial contr ol di:lphragm and valve 
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assembly. Springs arc used to connect the isobaric metering v:1l vc to the rate 
diaphragm and to the lever so that the valve can be controlled independently by 
either the lever or the diaphragm. 

A static pressure sensing line connects to the differential control diaphra£:11. 
Negative pressure from the control ventur1 is supplied to the isobaric metering 
valve. The third line is the outflow valve control line that connects the control 
chamber to the pneumatic rcl:lys on the outflow valves through the manual 
pressure controller. Cabin press·~re is sensed In this line through a vent and 
filter· on the manual controller. Thus, tltis line provides cabin pressure both 
to the pneumatic relays and to the control charober of the pressure controller. 
It also provides negative pressure to the pneumatic relays when the isobanc 
metering valve is open. 

The r::tte filter should be changed periodically to ensure proper opcr::ttion of 'he 
controller. 

Ooeration 

Operation-of the pressure controller can be dlv1ded into four categories: 

o Isobaric range of operation 

o R:lte range of operation . 

o Differential r:mgc of operation 

o L"npressunzed r::tngc o: opent!on 

Isobaric Range - b the isob:~nc ran<;e of op~:·auor.. the pressure co::::·J!:.:r 
operates to mamta1n a const:~.nt cabir. a!tit"'dc re~:J.rdless of :11:· :-:!:": ::il::~c~. 
An isobar!C :!Ln;;e of op~r:t.t!on t.:-::s:s '>Vh~:1cvc:- c:!Otn a!tit~c.!c l3 tJct::; ~::.~;:.:..~cc 
a• the selected al:itude, :lnd the ::nrc raft is between tha• altitude and the 
correspondi.r.~ aircraft :~.ltitude at maxunum differential pressure. T!:e isobar!c 
control mechanism cons1sts of :he altlt::ce •clccto~ (a ti:rcat!~c: $;.~;: ·'::::a;::::). 
the sel<.!ctn sprm;;, the lsob:lric bellows (an c\•acu:ued anero!d), and the l~:vc:·. 
Opposing forces are applled to the lever by tj1c sp~!nli (which always pt:shcs) ::nd 
the bellows (wluch always pulls). Cabin pressure. from the control cha:-nbe:·. 
is admttted to the bellows through the rate filter and needle valve. \\bene,·er 
cabin pressure, sensed by the bellows, is equal to the altitude selection. the 
lever is ""b:llanced." \\'hen c:1bm pressure is less than the selected :l!titude. :!u: 
selectot· spr1ng pushes on t.hc lever to mo,·c the metering v:llve tow:~rd ::los.!c:. 
Tltis action reduces the supply of negative pressure to tbe outflow valves so that 
they move toward closed and penn it cabin pressure to increase. When cabin 
pressure is gre:1ter than the selected altitude, the higher pressure causes the 
bellows to contnct, which pulls on the lever and :11lows the metering valve to 
open. This action supplies grc:1ter negative pressure to open the outflow v:1lves 
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and decrease cabm pressure. A mechanic:tl stop on the le\·cr limits the ------- - -...... movement of the metering valve to about 0. 020 inch. 

Rate Range - In the rate range of operation, the controller operates to control 
the cabin pressure (altitude) r:1te of ch:lnge independently of aircraft's :tltitude 
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 :1t which :1ir enters or leaves the ch:unber. By controlling tlus 
:lir flow rate between the chambers, a dlfferenti:tl pressure is created :~cross 
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 di:1phragm limit the differential pressure on the diaphragm to 
a maximum of:! psi, which is done to protect the di:tphragm fro~ excessive 
differential pressure during r:lpid changes in cabin pressure. When st:lrtin; 
from an unpressurized condition, the rate control has no effect if the aircraft 
r:1te of change is less than the selected cabin rate during ascent or greater than 
the selected cabin rate during descent. 

Dlffe~ential Rnnge - Whenever the aircraft goes above the isobaric r:1nge selected 
on the controller, the differential control causes cabin altitude to nse :1: a rate 
corresponding to the aircraft's r:lte of climb. Static pressure aad cabtn pressu:-e 
are sensed on oppos1te sides of the diffcre:uial control dia;:hra~. As cabin 
differential increases, the diaphngm pushes b:1ck agamst the sprmg unti:, at 
8. 3 psid, the vnlve IS ngninst the stop. Any further mcrease in differential 
pt•cssurc causes t.hu d.i:1.phr:tgrn to movo i:lrther wblch opens the ~.-alvc. C~..;nt:·ol 

ch:unber pressure 1s then .. ~ntec! overboard. wb1ch creates a ne;:::i·:c prt:s~u:-e 
in t . .':e control llnc to open L~l! outflow \-:th·es and decrease cab1:1 pressure. \\'hen 
the ~ilie=~~t~a! drops b:1c:~ :~..~ !t..ss t.~~:: ~--.~ ~s .. ;l:e ~::cr~::: .. _o:-:::- o! \':;·;(: 
c!oses. 

Unpr essunzed Range - An unpressurized r:mge of operntion exists when the cabin 
altitude selection is hu;her tho.n th~ actunl a:~craft altitude. !lot::uro; the ~!!itt.:de 
selector clocl~n!:iC CL~he!· ~!~i:'..:~") dcCI"t.;;l:;t~s tl!c push "f :~:-.: S\O:..cctor SJ~t:t;. 

Th1s action allows ti:e beUc·::s to cont:·act :!:lei open the :ne:er:a~ \':1.1\'e, I: :he 
airc:-a.ft rem:uns below the sc!cc:ec! cab::l ;;.::itude, the ;-res.;;ure ~n :he bellows 
cannot cecrcase suificientl;: to let t!:e bellows expand and c!ose L'le mcter!:a& 
vo.lvc. Thus, the outflow ,·alves remain open to keep the :urc raft unprcssurized. 

).fanual Pressure Controller 

A manual pressure controller is located on the lower Environmental Control 
Panel to the left of the nutomatlc controller. it can override tlle automatic 
controller and can be used to control cabin pressuriZation if the autom:J.tic 
controller f:lils. Shown in Figura 5- G, lhe unit cont:~ins a camshaft :llld two 

.. 
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:Jutom:lttc contr.Jllc.:r. Xc:;:Ltl\"(.! prcssurl! t:-cnt the conlro! vcn:u:-• .s .st:pt:L:c. 
to the othet· v:~!vc. A potntt.l' on 1!1'-' (ace oi !h<: controller mctC:ltes "D:CRZASS. 
"At:TO," and "1:\C!~t::ASt:. ·· 1\ c~l'tr:t~ ... l-t' .i\. till<.:r L; L:sl.:-.: ,.:1 :!t~ c:tl;.:l ·.\.r::. 

It is tdcnltcal to those nn the uut~1<>w v:~lvc£. :tnt! shouid be ::h:n2:ccl p~r!od::.,:; . . 

Oocr:ltton 

In the "AUTO" position, both v:th•cs a re closed. Thu conu·ol must be in Lhis 
position when usm;.. the ~tttut:l:tllc crcn!l·ollt.:l' . ftot:ltant; the conLrol knob 
countcrclock\vl:sc t ''DI:C!lE.·\Si~·~ ""t\.·ns thl.: nc~.,;:ttl\'' prc:::~1;~'c \' !\·e ~.r. .... ~.:~!:~.:s 
negative pressure to the pncwnat1c rd:l) s to open the outflow valves. not:ttm; 
the contr ol lmob clock\v1se to "INCREASE'' opens tho cabin pt·essurc v:tlvc nnd 
supplies cabin pressure to the pncwn:ltic reloys to close the outflow valves. 
Rate of change is contr olled by how fur the control knob is turned. 
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SYSTE:\1 OPERATION 

Figure 5-7 shows a now schematic of the pressuriz.:~tlon system. The {ollowmg 
example Illustrates system operation for a given set of conditions. It must be 
kept in mind, however , that operating conditions arc constantly changing. For 
example, the out!low valves modulate continuously in response to changes in 
cabin dif!erential pressure as the aircraft changes altitude or Oies through areas 
of high or low atmospheric pressure. The position of the valves :n any instant 
may depend upon several conditions which are .:hanging s!multaneously. For 
(he purpose of this ex;:>lanatJon. it is convenient to consider only one vanable 
condi tion at a time, even through such a situation would seldom actually exist. 

It is assumed that the aircraft is ready to take of! with the doors closed and the 
air conditioning systems operatmg. 

To stlrt, the pressures in :1U the chambers :1re equ:1l. Wit.'! c:1bin air f!owing 
through the control venturi, a negative pressure is produced .n the control line 
to the isobaric metering v:llve in the automattc controller. Selecting a cabin 
:1ltitude thnt is higher th:l.n f!eld elevation reduces the spring load on the :sob:!ric 
bellows, which allows the bellows to contract and open t!:le meterm; v:t!·:e. T.lis 
action produces a negative pressure In the control line to the pneumatic relays 
to hold the outflow v:ll ves open. 

As the airc r:llt begir.s to c!i..":''h, t.'ll! absolute pressure in the cabm s:a::s to 
decrease. Since the control chamber L'l the automatic controller is \'ented to 
C!lbin pr~ .r:sc!'"~ (t.'l!"ocgh t!'lt:. c~btn .... ~n: :l:vi fi~~c= ... "1 ·.~c m=-=:.t.:a .. co:1:r ·t~er} 
ccnt!"ol cho ... ··~ber prt::ssc.ru :t .. .sc bc;::lS :o decrease. T"::Ss c::~3e:s ~: :- tc ::.,-.,. 
!rom the ~ate cllo.:nber to •.he control ch:llnllcr. th<?x·cb>· c!ccrcas1:~; ·~a r--.:e 
cb!l.r:1ber i)rcsscre 'l:sG. I! ~!:e ~::-cr~::: rlt.: f c!t.~h - ;-:!.:: :·:~c.=-~~;. s.::-_ .:. .: 

:s res:r!cted b;: ~ll~ rate naeci.le ,·alvc. T:-us action causes l.be pressure: c::-op m 
the ro.te chamber to lo.g behind t11e pressure drop in the control chamber. Thus. 
o di~-·rent~:>.! · .. · ~Su!"e is ~:-e:.1:ed. :lCt"OES ~~t,; :-:::.te dt:lp!:r:l_~ :. :::o,:c :~e 

llr.c to the pneum:ltic rclavs. The out:1ow v:1lves then :nove tow:trd closed :o 
rest:-:::: the o~,;t!1ow of cabtn air. :hus ::l:lin::::nt. .. ,& :1 h:;hcr pres.;u=c lns:ce :llt.! 
c:lbtn J.n order to ach1eve a slower rate ?i c!l.ange. 

s··'r";:f! :~.q :-o=:·" $e:ec:o~ :.r. ""':!:-:: c.= .. :.,:,~== -, ::;;_, 
ra:e c~ntro: ~ay bess~ at :r.e ;: o'c~oc~ 
position init:iaHy. (This utti>tg produc11s a 
ra~e o; change o .. : aboue SOO t '?'TI· J A..:ta':" c !"c!B 
of chang• i• sscabZishsd, ic ~ay be aijusted 
more accurataZy by monitoring t he cabin rate ­
of-cti~b t>ta~cator. 
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As the cabin reaches the selected altitude, the reduced pressure in the rate 
ch:unber 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 determmed by the alt1tude 
selection. In this position, the absolute pressure maintained LD the controller 
operates the outflow valves to hold the desired cabin altitude. 

For descent, the pressure controller ts 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 meter.ing valve toward closed. 'flus reduces 
the negative pressure to the pneumatic rel:lys and the outflow valves move 
toward closed, which :~llows c:~bin pressure to increase. If the pressure 
1ncreases at a faster rate than the selected rate, the rate needle restricts the 
!low of air into the rate chamber so th.at .the pressure increase in the rute 
ch:unber lags behind the pressure increase in the control chamber. Higher 
pressure on the control side of the rate di:tphragm opens the metering \':live, 
which allows the control venturi to evacuate the control line to the pneumatic 
relays. The outflow val \'es then move toward open to reduce the pressure 
build-up to the desired rate. 

When the pressure in the rate ch:unber increases to the equivalent sel!lcted 
altitude, the bellows contncts to move the metering valve further open. This 
action allows the control ventur1 to draw more air out oi the control chamber; 
the pressure equalizes across lhe r:~te di:~pbragm, and the metering va!1·e 
seeks the b:llance position determined by !.he altitude se!eCtlC'n. Cabin p:-essu:-e 
is then maintained at the selectee altitude until the a1rcrait drops below this 
:~lt:tude at whic!l t;.':'le the :11:-cr:lft !Jcco::1cs •.:npres•:~rt:ct:. 

The foregoing example assumes that the aircraft does not exceed tbe sclec:ed 
isobaric range of operation. It should be rerne'llbered. however, th:lt the 
differential control overrides both the rate ~election :me! o.ltitucic sel~c:tcn to 
limit cabin press::rc to IS. 3 psid. 

Two conditions exist which co.n c:~use a neso.tlvc cabin diff-erenuo.i pressure 
(pressure ins1dc less than pressure outs1de). The nrst of these condit!ons 
occurs when the :11rcra!t is cruismg in an 1Sobar1c range and tllen descends 
rapidly to below tlle selected cabm altitude. (This situation to.kes pl:1ce if the 
flight engmeer forgets to set the cabin altitude back down upon descent.) The 
second condition occurs when the cabm rate of descent is slow and the :11:-cr:lft 
descends rapidly enough to "overtake" the cabin. In either case, the 
pressurization system caMot react fast enough to prevent the absolute pressure 
inside the aircraft from becoming less than the atmospheric pressure outside, 
nnd a condition of ncgnt!vo cnbln clllflll'tmtlal pressure exists . 
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Two negative pressure re! ' vnlves are installed in the aircraft lo protect t~e 
structure from excessive ;leg .. tive diiferential pressure. The valves are located 
on the aft pressure bulkh(!ad jt •t above the outflow valves, one on each side. 
They are 8-inch diameter du~' ·lhpper check valves that open inward. Th.: 
valves limit negative pre;;;o;ure to a maximum of 0. 4 psid even with both air 
conditi~ning systems op~ . . ng. 

DEPRESSURIZATION 

~-:ontrol Fan and Venturi 

Automatic depressurization oon 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 
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control fan and ventun and tho electr11;al control schematic. The umt is !oc:1ted 
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 throu~;h tubmg. 
When tbe fan operates, cabin air is pulled through the venturi, creating a 
negative pressure at the throat. This negative pressure evacuates the he::td 
ch:lmbers oi 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 energiz£d 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 temperatur e control relays. Since one or both relays 
are energized if the AIR COND ;<.lASTER switch is in "APU," "BOTH," LEFT. " 
or "RIGHT," (as shown in Figure 4-5), the fan does not oper:lte ::tt th:s ~i~e. 
(unless, of course, :he aircraft is on the ground). However, if t!le master 
switch is positioned to "ENG START," "OFF," or "RA.\I," both low-lim!: rel::ty.s 
are deenergized . which ::tpplies power to the fan to open the outflow \":lives . 

Air Conditioning - ~o Pressure 

Two methods of control are available to the operator if it is desired :o oper:ue 
the air conditioning systems with no pressurization. One 1:1ethoci Is :o se!ec: ~ 
cabin altitude on the autol:"l:ltic controller th:lt is l'ugher th::m the a:::::U: 
altitude. Th1s can be done;, o( course, only if the aircraft ts below l •."~v : .. cc. 
The second method is to set the manual controller to full "DECREASE . " It 
should be ~emembcred. howe\·er. that :..'le cabin altitude liJ~:t ccn~~?l m :!:e 
outflow valves does not let • he c:1b10 depressur: ze to :l.."l alt.t:ld<l ·: -: ~r, ;::~:: 
13,000 feet. If, for some rcasc::1, !t is des::-ed or necessar: ~o :: : .. ::p:-es­
s~rizec! :lbove :hi.s :tlt;tui.!c, :.he CABr~ AL7 L!:\!!7 GrLr:>!: 5" ::.:~ :-:~3: -:: -~·:. 
~n conjunction wrth the :na:n~:1: -ont:.·o:J.c:-. T:u 7 .. .. \'lC.C!! .s ~ '"'-.:~·: ~ : :_ :.:;-:: .:· 
Envi:-onment.:ll Control Plnc! nf.!,,~ to U:.e :\ill CO~D ~iA~T:::: 5',•::tcr:. :: .:­

cover ed by :1 red guard. Pl:lcing the switch in the "ORIDE" (override) 
position energizes the No. 1 DEPRESS SOLE:-IOID valve. \\'hen eneqi:ec. this 
\":lh·e :1dr.l1tS hi:J;h-i)res.st:rc :1 1r •o t1!0 c-!l:. ... ., ~.t~t~: ... 1.;r.:~ ::.· ~·:·: .~.: ..: -::::-~:;:-:-. 

in the outflow valves. 

Emergcnc,· Depressu:-tzation 

Two red-guarded El\1:ERG DEPRESS switches are provided for use if i: becomes 
necessary to depressurize the aircraft rapidh·. One switc!l is iocat~c! in t':e 
lower right corner o( the upper Env~ronmcmal Comrol Panel. T!\1! llther s·:: .!ch 
Is located on the overhead console. Both switches are wired in p:tr:tllel so :bat 
emergency depressurization is accomplished if either switch Is actu:lted. In 
"EMERG DEPRESS," both the No. 1 and ~o. 2 dump solenoid v:tlvcs are 
ene r gized open as shown in Figure 5-7. The No. 2 valve permits the contr ol 
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venturi to cvacu:~tc the control line to ~he pncwn:ltlc relays tr. open the outl1ow 
\-:lh-cs. The Xo. 1 \'alvc provides ior cabin :l!titudc limit override, which 
:Ulows the cabm to deprcssunzc cor:lpletely. Depressurization tin~c from 
m:Lximum diferential pressure Is :~bout 90 seconds. Figure 5- 9 shows the 
electrical schematic for emergency depr essur:zation . .. 
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A deprcssuriz::uion !:::t;:h 1~ ln.;t:tllcr! o\·crhc:ll In :!1:.! :on·::l:·c ~nd of:::.; ::::·:c 
compartment :ts shown tn Fi:~un! 5- 10. '1:1c h:ltch zs cable- :tCIU:lted OJ:Cn by :1 

:ec-t:tat!!:!' ;n th~ o\·c:·!:(,.=:t! ct~nso!c. !: rr.~v :1!so be O;:"C:'!Cc! :!'c:":": :he c::r::o 
_.. .... ,~ ,._ . T~ ,,.,,c·· . ,, . : '" .,, . ~...... . .,, ...... : ..... " .,,. ...• . , C0o •• i)J. ... \.o'"":l'-n~o., ,,t.; ••• I • ,_, o ,,,..,1 , t.:·ol ,,.-..; , -.J ., •• ••• .... _, o\,; ,:..._ ~-••·•• o. -t-<>••,:) ••••lo ,.>..-

::lirslre:un. When tl:~: h"tch IS op~ncd, the :urcr::llt deprcssunzes !rl'r.: 
m:~..xunwn diffe rential pressure in appr oxunatcly l;) seconds. 
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Low-Pressure \\'arrting 

Two CABIN PRESS LOW warning lights nrc pr ovided to warn the crew whenever 
cabin altitude exceeds 10.000 feet. One light is located next to the automatic 
pressure controller. The other light is included on the pliot's annunciator 
paneC 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 cabm drops to 10. 1 psia, the switch actuates and supplies an 
electrical ground to illuminate the warning lights as shown in Figure 5-11. 

isol 
de bus 

-. 

annunciator panel 

CABIN PRESS LOW 

env cont panel 

CAB 1'1 PRESS LOW 

pressu re sw 

closes at 
10,000 ft 
cabin alt 

FIGU?E 5-l: . C~3!', P?ESSU?.E !..C',.; '•IA?.:l:r:G 

CnOU)ID PnCSSL"'UZATION 

A ground pressure test .:;hot•la be mace whene,·cr a tr.:lJOr cc:r.poncn~ of :he 
pressc.ri"!:ltior. ..;ystc!'!:. st:ch :s::. cont:-.,!!c:- c .. :- :t!'l oc~ O'-'-' ·\-:::-:e. !s !"Ci-~:lccC. 
This :cs:. enst~!·cs pror,c:· t~pcr:!tjon cf ~!i" co:nr;v:-tcn:. . Prcs,j::r:z:ucr. ::> 
ma:dmwr. clHferential should be accomplished whcnet·cr any structu:::t! rupairs 
are made to the fuselage to ensure the structural integnty of the repair. Also. 
:1 fuselage leaka~c test ~ay h; accomplished whene\·er it ts cleemco necessar:· 
~ e:1surt.: :h:1t !:lt fuse. ~\.! :., ..:t~·-qu:ttL 1 \. sc'l:t.. ; :~.::un~: l c:tl.~;c. 

A source of compressed ai!' is nccessar~· to oper:ne the ::tir conditioning sys:em~. 
The engines, the APU, or a mobile gl'ound compressor m:~y be used fl.lr this 
purpose. The c1rcuit breal;cr for the control f::tn and ventun must be opened 
(pulled) to :~llow the outflow v:ll\'es to close. 

c,•mponcnt Check-Out 

Operation of the autom:~tlc pressure controller may be ehecl;ed by the selection 
of a cabin altnude that is lower than the field elevation. Cabin p1·essure should 
increase at the selected rate to a \'O.luc of 1 psi for each 2000 feet. When the 
contr oller is reset for a cabm altitude o.bovc field elevation. the cabin should 

., 
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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 maximwn differential pressure. The manual pressure controller 
must be used for this test. The control knob is set for o. 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 opero.te 
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 alrcra.'t. Emergency 
depressurization may be checked at this time, if desired. 

Cabirf Leakage Check 

To ensure proper se:11ing of the fuselage, :1 leak.:lge test m::y be mace whene,· ;r 
it is dee::ned necessary. For this test, the electronics eq:.~ipmen~ cool:Z!:; s\·ster.l 
flow control valve must be removed and the discharge duct must be capped. The 
fuselo.ge is then pressurized as 1n the test fo;- structural repa ::-. \\'hen :he 
_:--ressure reaches oa.\:tlr.ur.l dif:erenti:ti. the ::!1:- condition!n; shocld !Je sl:~~: o!i 
with the SYSTE:YI SH::.;TOFF switches. The pressure d:-op irom 7. 5 psi :o 5. 5 
psi should be timed with a stop watch. If the time required for the 2 psi pressu=-e 
drop is less than 2 minutes, there lS excessive leakage and corrective ac:1cn 
snould :}e taken. 

Extcrn:tl Pressurization 

The aircraft can be pressurized from outside, if, for some reason, 1t is 
undesi r able to do so from inside. An exter nal ground pressure test fitting is 
prov'ded in the nose wheel well for this purpose. A mobile g~ound compressor 
can be used to supply compressed o.ir directly into the iusel:lge. Gages may be 
connected so that the di!ferential pressure and rate of change can be monitored. 
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1. The ter-m "i.soba!'ic'' ..,ear.e _________________ _ 

8 . "Pressuri.zi.ng an ai.rcraf<;" "'sans 

3 • .• Durin g fLight , the air used to pr"ssuri.zs ths StarLi.fter 
i 11 obtai ned from _________________ ____ _ 

4. Cabin p r e s sure is controLLed by _____________ _ 

5. The Star~i.fter can maintain sea Leve: pressure i.n the 
cabin until the aircraf! reaches :est. 

8. An ~oot cabin altitude ccr. be r.aintair.cd a: 
at ~0,000 fee;. 

7. A no!'ma ~ ..,a=i.,um C.i;.raran tic t, presa:.~.re o .. +-______ ?Bid 
is ussd in !hs S~ar~i;:sr. 

8. Wha~ preaaure shouZd :he ~anifo!d Jressure ind~ca!or ar.o~ 
if the aircra:c is at 21~000 fee~ ~nd cli~bing? ~na: 

9. 

Approxi.ma;eLy psi. 

What is the ;orce e=~rted against ~ne c~ew er.:rc~ce doo~ 
(a?p~o:ima~a~~ 3? = 80 inches) a~ a ii;;erer.:~c: ?~eas~~e 
of 8 psi? ;;ns: ____________ po:.a:cs . 

10. Whet ..;s :::he ?:.trpos' o~~ :ha ou: .t:cw :)(:::~es ____ _ 

1 J . •t "'I" •• u•: .. .. ~ ...... .,. -

15. ~he isoba~ic range or the ~ressure ~ontro::er is saZ•c:i~e 
f'!'om _ ____ :·e.;: to.. .. .-.. ee= acbi."t c!t-::.:~ .. ie. 

16 . :'he cab-::n ratll aeLect-::on Limies ara. ______ ~o _ ___ j>:Jm. 

17. ~hat is ~he f~nc~ion of the cifjerer.tiaL con:ro2 in the 
automat::c pressure con trot Ler?, ____________ _ _ _ 
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18. Refer to No. ;?. At uhat pr.,ssure doea -:.t operate? 
_______________ psid. 

19. At what pressure do the safety vc:Zves re~ieve? ____ ps-!.d . 

21. iiow does it opera-:s? ____________ _ 

2.2. Bow do the safety va:ves operate to pro:Jide overpreos:<re rstisf? ________________________________________________ _ 

23. What is the purpose of the pneumatic re~ay in the out;•ow 

vat vs ?-------------------------------------------------
24. Doss the A:R COND MAS~ER suiech ~n en~ wcy ~on:ro~ 

pressurization? r; so, i:ow? _______________ _ 

25 ~hat units in tl:e c:<to~atic pressure ccntro::er re#A-~te 
:ita "ovsmer.: of ~ .hJ ::.aoba~ic ""'e:croin~ !Jc:.:Je:"' _____ _ 

26. Ho~ uouZd cabin ~rsssuriza~io~ ba ~:;ac!eC 
fi~ter becomes c'logged? __________________ _ 

27. How woutd ca~in ?ressu~iza!ion ~e :f:ec!ei ~~ c ?~e~~:!~= 
re ~ay diaphragm ruptured? _________________ __ 

28. 

29. 

~ist the ~c:ions 
depress:.;ri::a;ion 

is 

titc:; wcu~i 
!J:J~":ci: .. ;s 

;-~=i ~~ =~ e~~~; e~~~ 
pos~:io~ei ;c '':~?~!JE. "' 

30. The ~anua~ a~er;enc~ depress~rizc~~~r. 
by _________ !occt:ed or. 

Jl . Assume :he~ !he c~rcra;! ~s ~~~~s~r.s ~r. ~ ~o~~=~~ 
pressurized conii~ion . Sudden:yJ ;he C~E:~ PR~SS ~=~ 
warning Lights i~~uninate. Wha: ghouZi :he c rew dD? 
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WING LEADING EDGE AJ-ITI- ICING SYSTE:iYI 

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. 

•. 

(C 
lr-~ ---............ ., 

· .. :ino anti-ic~~~ ~ ~!c-:;,~s:·· 
plc:o1o ~J:es...J~~.___ 1 · ar.:1-i:e 
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FIGURE 6-1. \W!G LEADING EDGE SECTiml 
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·The bleed air manifold supplies air to a modul::tting c :mtrol valve which 
regulates the airflow to the j et pump. The jet pump is comprised of a 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 G-2 shows a typical piccolo tube installation. 

FIGURE 6-2. ~NTI-IC!~G 0 l~CCLO TUBE - WING 

From the piccolo tube, the bleed ::tir clisch::trges through the noz-!cs into the 
mixing section, where it mixes with ambient leading edge plenum air dra\\'n in 
by the jet [lump effect. The rcsultin~ m ixtm·c ;'h>ws lnt<> the double-skin hc:lt 
transfer p::tssages which extend ::tlong the uppct· and lower leading edge suriaces 
to about 2 inches forward of the front wing beam. As the air circulates through 
the leading edge, it Oows 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 o.nti-icing provisions. Each o.nti-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-IClliG CONTROL VALVE 

All sLx anti-icing control valves are identical. A schematic cutaway view of the 
valve is shown in Figure 6-4. It is solenoid-controlled, :~ir-11ctuated, spring­
loaded closed, energized open, and modulated by a temperature sensing 
pneumatic thermostat. The valve serves as a shutoff valve and as a modul:~ting 
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 loc:tted on the left 
side of the overhead console. In addition to the wing leading edge ami-icing 
controls, it contai:Js the controls for t.'le ice detector, engme ant:-ici:.g, 
emp··:mage de-icing (which is electric), angle-of-attack de- icing. pit.ot l:e:n, 
and :ti-icing of the total tem~crature probe. Three switches for w!.11g !eac::1g 
edge :>.nti- icing are loc:tted along the bottom left edge o: the ;m~el. J~o:st :tbo,·e 
each switcl: is a group oi fou: :1;1:1unci:uor lig!!ts wh1ch allows :!le pEoc tc 
monitor system operation. 

SYSTE:'-1 OPC:RA TION 

Figure 6-6 shows a flow schematic of the system for the right wing. Operation 
is manual in that the control swi!ches mus: be placed in the "ON" pos:tfon to. 
activate the system. When antl - i•ing is no longer rec;uircd, the system ::1ust 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 lee protection Is provided by each switch lf the pilot elects 
to anti-ioe only a portion of ll1e wing. 
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During operation, each valve modul:lles in response to temperature signals from 
its thermostat, wh1ch regulates the Oow of air into its respective leading edge 
section in order to maintain the specified temoerature for tlut section. The 
control settings for the thermostats are as follow: 

Mid-Section 

Inner-Outboard Section 

Outboard Section 

57•c (135°F) 

n ·c (lso·F> 
1s·c (l75.F) 

When the control switches are placed in the "01'<"' pooltlOn, the LEFT ON and 
RIGHT ON indicator lights above each switch should illuminate. These ligh<s 
are illwninated through microswltches in the individual valves. If any one of 
the lights fails to illwninate, it is an indication that the corresponding valve 
has failed to open. 

,.. mid 

'sola:ed I • ~ "" \ . , 0 
-::c bus 

1
----- -~ 

~ L JW<· ~.<\.7 1: 
L---- _J 
overhead panel 

\inner outboard 

, I '..J :\G A'rrr -r :: 1 
' tJ----;-: 3'/ E~r£AT ! 

______ J 

annunciator oanel 

ovht swi ten 

l<: 
>< 

' ' 

FIGURE 6-7. \WIG LEADING EDGE OVERHEAT '1/ARNING SYST8'1 
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Excessively high temper:uures \\'llhUI the le:~.ding edges could c:~.use d:unage to 
surrounding equipment (wiring, scaling, etc.). To gu:~.rd against such a 
condition, a bimetallic type therm:~.l switch Is Installed in each section to provide 
a warning to the pilot i! an overheat occurs as shown In Figure 6-7. The 
temperature settings of •he therm:tl switches are 88"C (190°F} ror the midsection 
and. l05 •c (220°F) for the two outboard sections. U :1. maliunctlon of a v:~.lve or 
thexmostat allows the temperature within a leading edge section to reach the 
overheat themperature specified for that section, the thermal switch actuates to 
illuminate w:~.rning lights on the anti-icing control panel and the pilot's 
annunlcator panel. W'hen an overhe:~.t occurs, the pilot must shut off the anti ­
icing for the affected section. 

CAU':'~ON 

;;r; ,'.TC':' VPr?A'!E ':i!e $15':~.\1 0,'1 ~:;·E 
GECU~J. ~h~n :he sys:e~ is :~rs: 
=urne~ o~~ :he con~ro! ~a:ves o~en 
:u~~y for a few seconds before the 
cor.tro: :h~r~ostc!s can sense :he 
:e~?e~~=~~~ ~~i a:ar: cancro:-:£~g 
:r.e ~a:ves. S~nce :hsre is ~o 
coo~ing cir ;~owing over :he ~ings 
~o diss~pa=~ the heat, the high 
-e-~e~~~u~e o~ ~~. ~·ee~ ~:~ -~-- ·~e~ :-... :.· ~ --:. ~· :-.a.:.. ., ; _ ..... :~ -~-:' .. .,. -
_ _. ... ~~ ... r..~ ... 11 ... --a- o:>en ... ng o . .. ~.s 
~~:v~s ~ay cause s~ruc~urc: ic-ag• 
!o :~e :ec~i~g ei;~ 82c!icns. 

. ;. ... - ................. · : ~,,_ -~- ,.· -. -- "';.':' 

..:.., ... 

... .. - ,' ........ -: ·-: .. ":":'': -. . --
:..z-:.. ":; :J.:: .. ;; r: $ =-------------------------
~~c: a~e ;h~ ~en:~,: :a~~er=:~re Jc::in~a ~~~ :~a 
~=r~OU3 :.;~d:~r:s- r?.d.ie sec:.--;c-~J: __________ ___ _ 

'· Wi:a~ :srr-~e-:-c::.::..re -::s ~onsi.d.a~ec an o:..ttl!".::e!:'! • .,~:i-:0::": :~e 
~~S?C~~-::~e a=;~ ~; ~~;e se~:~~~s ------------------

5. Wing Zead~ng ed;e a••ti -icing is turnsd on a~tona:ica::~ 
if ice is aetecced. (true or fa~se). 

E. Wing :cad--:.ng eCce an: i-ici.ng is 'CUT'ned o .:Of au:oma:icc: :y 
if ~n overheat ocoura. ( true or faZee), 

.. 
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7. Where is the o~:board section anti - icing control ualve 
located ________________________________________________ __ 

8. What indication is given if an overheat occurs withir. a 
leading edge section? ____________________________________ _ 

9·: What indication is given if an anti-icing valve fails to 
open when the system is turned on? _____________ __ 

10. What access is ~rovided to the anti-icing system co~ponents 
for maintenance' purposes? ------------------

- . 
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MISCELLAl.'IEOUS SYSTEMS 

WINDSHIELD RAIN REMOVAL SYSTEM 

The Star Lifter is equipped with a jet blast rain removal system. 
pilot's and copilot's windshields ::trc cle::tred by high-temperat:.!re, 
velocity air supplied 
through slot-type nozzles 

The 
high-

at the base of the wind­
shields. Bleed air is 
s.upplied from the output 
of the primary heat 
exchangers. The system 
is controlled by a switch 
on the overhead console 
which provides individual 
selections for the pilot 
and copilot. Figure 7-l 
shows the 1·ain removal 
system control panel. 

I!LFT OVHT)I It RT OVHT II 

FIGURE 

SOT I' 
PILOT~COPILOT 

OFFo8 

7-1. RAI'I RE:·:O'/,:,L 
CONT~QL PJi}:~~ 

A flow schematic of the rain removal system is shown m Figure 7-~. 
Four vah·es are used to control the supply and ctist:-ibution of ::ti :- : ·~e 

nozzles . A venturi !s insta:Jec in e:~ch supply !t:-te t-:> ::m.: :!! ~::~'" :J . 
maximum of 72 ppm in the event of a ruptured duct or component mai­
function. The cwo supply ducts join together in the cente:- ',\'ing sec'i~:-t :." 
form a single duct which then carries ~'le air forward through the c:1r;o 
compartment and under the flight st:J.t!On floor. A 3-inch C...:unc<er c!l<!d; 
valve is installed in each supply duct just upstre:lm 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 ; -3 shows a 
schematic cutaway o( the val vo. It is solenoid-controlled, :til'-actt:atccl, 
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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 v.:tlves are opened 
when the rain removal system is turned on. 

Nozzle Shutoff Valves 

Individual nozzle shutoff valves are ·installed in the system to provide ratn 
remo,·al for the pilot's and ccpllot's windshields sep:n·:ttely o:- to;:ether . T!:ey 
arc motor-driven butterfly v:llves, powel~ect b) 2S-\·olt ..!c. ~n..J. ar~ contrl'\l~ec.! 

by the rain rcn:oval selector switc!J. The •::t!l·es ::tr-:: ic.cac.;..: ::1 :!:c ::cz~:~ 

supply ducts under :he pilot's :lnd copilo~' s s•dc conso!~s . .;ccess p:u:e:s ~::·c 

provided in the stdes of t!:c consoles ::: floor l•Jl't·:. 

Svster.-t Oper:ttion 

The electrical cont:·ol schematic for the sntcm is shown m Fi·~1:re --.;. ·:.::c·'1 
the selector switch is pos••ioncd to "?ILCT," orJ·: the i<:n - !lee::_ ~.OZZ.<! s::t:: ,::;· 
is driven open. In the "COPILOT" position, only the right- h:l.nd nozzle shutoff 
valve is driven open. In the "BOTH" position, both s hutoif ·;ah·~s are d.:':Yen 
open. In all three of the "on" positions. both pressure ~e!!':!ato::- \':t!\'es :2:-e 
energized open to ensure a supply of air as lon;; as the!'e is an output from eit!:er 
one of the pYimary heat exchangers. 

Any time the system is turned on, power is removed from lhc ~ESA heac syst.::::l 
for the affected windshield(s) in order to prevent a windshield overheat condition. 
However, if an overheat condition does occur, a w:1rning is provided. and the 
pilot should shutoU 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 sz•c (180°F). When activated, the over­
heat warning system illuminates appropriate indicator lights on the rain removal 
control panel and the pilot's arunmicator 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 
s~rategically located throughout the fuselage. If smoke is detected by any one of 
the units, warning lights are illuminated on the Smol<e Detector Test Panel and 
on the Pilot's Annunciator Panel. 

Components 

The smoke detector system consists of five detector units, a control ampllfier, 
and the test panel. The test panel 
is located at the flight engineer's 
station and contains a selector 
switcll._and a CARGO s;:.'IOKE SMOKE DETECT TeST 
indicator light as shown in Figure 
7-5. The control amplifier is located 
under the flight station floor on the 
left side. 

Oner:nton 

CARGO 
SMOKE 

NOR~ 

F I fiURE 7-5. s::JKE [~TECT !Oi'l 
T::sr co···r;)oL oM•c• 

- j , •.• ' ' '"'!'--

Figure 7-6 shows the electrical schematic of the smoke detection system and the 
locations of the detectors. The detector contains two l:lmps. a photo- elect::-ic 
cell, :md a voltage divicict· Ci!·cuit. TI1c illumin:ltion fr?r.1 ::H! b~:con !an:o is 
shielded from the photo-cell. When smoke enters the detector , it causes the 
light to diffuse and stt·i:,e rhe photo-cell. Figure 7-7 shows the arrangement of 
the lamps and photo-cell. \v11cn lig-ht strtkes the photo-cell, it conducts •o 
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 illwninatoclthrough subsequent test positions until 

.. 
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the swttch is returned to the ":-IOR.W' p.:~s1tion . 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 
also be tested by holding a burning 
cigarette directly under the unit. 

beacon 
la..,p 

photo 
c e 11 

FIGURE 7-7. SMOKE DETECTOR 

Smoke Evacuation 

To evacuate a heavy accwnulation oi smoke from the cabin, the flight engineer 
should select "RA.IW' on the Am COND MASTER switch. This action opens t!le 
outflow valves to depressurize the aircraft for rapid evacuation of smoke. and. 
at the same time. provides fresh air ventilation. A sm::t!!. man<~ally controlled 
panel just aft of the pilot's wtndsltield may also be opened to help clear smol;e 
from the Qight sto.tion . 

•• • ... Y' 
,'\ .. ~ 

c:• ,. 
v - ;ressure o .'"--------- --?8:.;>. 

J. ~he p~:o: does ~at need ;o a~~z o:: ;na ~~~~shie:~ ~r~~ 
heat when the ra~n removcZ sya:e~ is o;er==~~g r~~:~~ =~ 
[a1.seJ. 

4. ':"he rain re...,ovc: 
overheat occurs. 

s;~s:er.; -::s c:.~:ona:i.cc::E.' s·t~:: o.-... :· ::·· ..... 
(true or ;·a :se J . 

5. Where are the !'air. remova l .Jys;s·, r.o.:z;,z s;::.4: ot:~ :..'.::~-.;es 
~ocaeed? _________________________ __ _ 

6 . Where are the rain removaZ system pressure re~~la:or vaLves Zocated? __________________________________________ __ 
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7. Na -, ~ ehc :1osi:i.3:o:s o., !:i:c ~~:.n rer:ova:. se~cccor srJir:.ci'! 
a n d List ~ he vrlves ~ha; ar' open i~ each position . 

8 . Th e smoke ~ Q o ~~~r. s~aten 
ruis~in, syst. ~ ~~·~ ~mo~s 

. .. .. .. 
~s ae:~c ... ea . 

{"..rc 
( !::..J 

e:::in -

S . ;that i3 : i'!e pr.,~€dur~ .J:Oor :eo ! in=· ti:J sr:o~• d.e:c::"'~or. 

s4~ t~mc ________ -----------------------------------------------
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