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ASHOW FU' L oïSBH 

• 1. H/I'/u: . ;'To 

The requirements of the fuel system for the 
ARROW are that the fuel management shall be as far as 
possible sut;:Ratie{ that the minimum movement of the 
C of G results from the transfer .of fuel; that 
maximum engine power is available (full fuel flow) 
regardless, of the aircraft speed» altitude or attitude* 
The fuel system is constructed therefor© to; 

(a) Function under all conditions of speed, 
attitude, altidude and temper-ture from 
sea level to 60,000 ft. 

(b) Allow for engine fuel requirements up to 
90,000 lbs per hour per engine. 

(c) Allow for aerodynamic heating of fuel up 
to 165°F. 

(d) Proportion fuel to the engine so that, 
as th tanks empty, the minimum movement 
of the C of G results. 

(e) Allow for full or partial refuelling under 
pressure to permit a minimum turnround 
time. 

2. MyouT 

(I) The whole fuel system Is sub-divided into two 
• I -fc Si i :: :. . . :>< v.-:,±:-s\stem is designed to 
supply fuel to the engine on that side, but s crossfeed 
connection Is provided so th-t If only on» engine is in 

■ use, all the fuel carried: may be used. The'' - whole system 
is pressurized to effect transfer and to prevent boiling 
of fuel at altitude. 

(II) There is a total of fourteen tanks in the whole 
system, each engin© being fed by one of the fuselage tanks 
and six of the integral- win,;: tanks. Ihcae a re divined as 
follows; 
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(a) KiGi.iT uiiND 

Tank 1 

l 
5 
6 
7 
b 

277 Gels. 
151 
90 
147 
154 
279 
m   

2133 lb. 
1162.5 
693 

1124 
1166 
2148.5 

JLÜ2_ 
1270 Gais. 9779 lb. 

(b) LEFT ii- HD -'mm: 

Tank Ho. 2 

ê 
5 
6 
7 
8 

281 Gais. 
151 
90 

14? 
154 
279 
123  

2164 lb. 
1162.5 
693 

1124 
1186 
2148.5 

_133iL_ 
1274 Gais. 9810 lb. 

(calculated at 
7.7 lb/gal.) 

(calculated at 
7.7 lb/,-I.) 

THE TOTAL TA ISC CAPAOl’H !.. 2$W- Gals = 19589 lb. 

(Ill) ‘‘‘lie quantity of fuel In sa U sub-system 
is registered on the two .-auges in the front cockpit. 
The gauging of fuel is derived from capacitance units 
fitted in each tank. (This subject is dealt with under 
♦’Electrics"). 

(iv) Tanks 3o. 1 (r.o. engine) sod S'j. 2 (L.H. 
engine) are located in the fuselage, mounted in ta'ndem 
between sta. 315 and 485, sad are a rubber cell type. 
The remaining tanks are an integral p- rt of the inner 
wing, be tweet, the front end rear spars, and collectively 
occupy,all this space except for the wheel wells of the 
tsain len<»ing gear, àn additional fuel load of 500 gallons 
may be carried in a jet-is- natale belly tank fitted under 
the fuselage which feeds by air preneur» (30 p.s.i. 
absolute) into each of the collector tanks. 

Efrch sub-system transfers fuel by air pressure 
to tank To. 5» the collector tank, which, through an angine 
driven booster pump, delivers fuel to the engine on its 
respective side. 

Fuel and condensate dra in valves are fitted 
into each wing tank. These valves are for draining off 
accumulations of water and Can be used for draining residual 
fuel. The valves are fitted in that, ..art of each tank 
which, when the aircraft is n t © ground, Is lost and 



collects residual liquid. ïhe valves ere operated equally 
fr m t:.a exterior, by pushing up the flush fitting car. of 
the lower part of thé valve with a draining pipe-end. In 
the fuselage tanks drains are fitted In each tank and in 
the space between the tank aid tins tank floor, fro* the drains 
the residual liquid is piped aft to the flame trap In the. duct 
bay. Drainage is achieved by the asms method -s used for 
the wing tanks. 

: t. .  i‘'x Iv-'K 

(1) To pressurise the fuel system, two velues of air 
pressure are used, and a third u 
Vent intake Control Valves in the fuselage tani<s. 

(a) AID .h’oho 'ID Th; win,- tanks are all 
metal construction arid can withstand a high level 
of pressurization. A pressure of 25 p.s.i. absolute 
Is us d. ïhlo resour is measured ogainst ••• r; -11.i c- 
zero. A hand-held pressure gauge which "Indicates" 
zero is actually allowing for the presser© of Uie 
atmosphere which, at sea level is about 14.7 p.s.i. 
Thus a gauge fitted to a tank which is then pressur- 
ized so th: t. the gauge reads 10.3 >.s.i. is onl; 
reading the value of pressure abov the existing 
atmospheric pressure. The absolute pressure is the 
sura of toe gauge pressure and the atmospheric 
pressure. In the example{ .1,4.7 p.s.i. at - r ric 
+•10.3 p.s.i. gauge s 27 p.s.i. absolute, 
altitude is sained, atmospheric pressure? falls but 
the gauge reading increases so that the sum.of the 
two z 25 p.s.i, absolute. 

(b) DID DhSTDh AH: : nh:.>,:0 ■ .1 The fussing© tanks 
are. rubber cells encased in the sheet metal of the 
fuselage *nd cannot withstand s very high dagre 
of pressurization.. for these tanks a pressure of 
10 p.s.i. differential Is us d. T;is rassure is 
measured against the atmospheric pressure. Thus 

; on;:;,, fitted t o tari ;~‘nr,::rizo.j t- ID p.s.i. 
differential will read 10 p.s.i. differential at 
all levels, but the actual pressure in th© tank, 
if measured against the absolute zero, decreases 
in value as the etr espherlc pressure reduces with 
altitude. 
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(ii) "he air supply for the tank pressurization 
system is taken at c>5 p.s.i. differential from the 
aircraft sir-conditioning system at the output of the 
air-to-air heat exchanger. Downstream of the heat 
exchanger a high pressure relief valve is fitted as 
part of the air conditioning system. The high pressure 
air is then passed through a hot air filter, fr m the 
outlet of which it is piped to the absolute and differ- 
ent i a 1 > res s ore r e p u 1 a tor a. 

(ill) A tako-off from the 6. p.s.i, differential 
air supply line is also taken to an 18 p.s.i. different- 
ial regulator which provides air to the Vent Intake 
Control Valves in the fuselage tanks. 

(iv) After the angines are started it takes 
approximately 1/2 minute to pressurize the tanks to 
18 p.s.i. absolute, ano 2p minutes to reach 2Ç p.s.i. 
absolute. 

CoteU^c. TANKS 

4. Pi~P ,.J S PHIZ AT IA.-N 

(i) A take-off from the high pressure air supply 
line at 85 p.s.i. differential provides high pressure air 
to the inlet of a differential Air Pressure Regulator, 
which regulator; the su >ly to the fuselage tanks at 10 p.s.i, 
differential. The outlet line from the di ferential Air 
Pressure Regulator divides to supply regulated pressure to 
the two tanks through one or more of the three Vent Intake 

■ Control Valves. These valves, two mounted at the top and 



one et the bottom-of each tank, are fitted to prevent 
fuel fro® entering the pres qrization lines whilst 
venting, and are fitted in these positions to allow 
pressurization and venting to take place regardless 
of the attitude of the aircraft. 

(it) To prevent over pres urizatien of the tanks, 
in case of failure of the differential'Air fressure 
Regulator, a flow liaiter i fitted at the regulator 
inlet which limits the air flow to slightly above normal 
maximum de and, and a differential air relief valve, 
fitted at the regulator outlet, relieves excess pressure. 

(iii) In the event of damage to na of the tanks, 
pressure is maintained in the other by flow limiters 
fitted in the pressure sup ly lines to each. 

hKkkkÜRlki^G Qwi rWIfrlo 

(i) DIFFERENTIAL Ally ■ ‘HP .. SUP:' PAGULPTOR 

This valvo regul tes the pressure of the 
pressurizing sir fed to the fuselage tanks to p value of 
10 p.s.i, differential, high pressure air, .fro . the air- 
to-air heat exchanger, enters thi unit and passes t rough 
the annular opening around the sleeve valve and past the 
spring loaded pinte valve t the tank. The sleeve valve 
is kept in the open position by the spring which surrounds 
the ambient reference bellows in the sensing chamber. The 
sleeve valve is connected to the sensing unit by » connect- 
ing rod which ends in the pressure plate forming the lower 
end of the bellows, under the pressure piste is i chamber 
containing air at tank pressure. The balance of the tank 
pressure air against the pressure .late, -md ambient air 
in the hello s, controls the opening of the sleeve valve. 
As tank pressure Increases relative to ambient air, as in 
a climb, it stands to close the sleeve valve, and when the 
tank pressure reaches 10 p.s.i. differential, it overcomes 
the air pressure in the bell ws end tre force of the 
surrounding spring, closing the sleeve valve completely 
and prevents further pres urization of the tank. If the 
pressure rises above Ï0 p.s.i. differential, as in a rapid 
descent, the spring loaded plate valve rises and blocks 
t. a air . a sage to prevent loss of pressurization. The 
excess tank pressure is relieved through the differential 
air . -essire regulator, (refer .are iv). 

Cli> I LXkiTIIR 

The purpose of these units has already been 
described. The units themselves are convergent-divergent 
ducts with the nock diameters chosen to choke the air flow 
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at the maximum flow requirement of the line in which they 
are loo sited. 

dii) £ Ci 4Th,', VbbVC.(AIK/fJ.HTL VALVE) 

The purpose of this valve is two fold. To allow 
the air pressure from the differential air pressure regulator 
to pressurize the tans to 10 p.s.i. differential t t prevent 
air in ttie tank .from' exceeding this value durit g e climb by 
allowing the excess pressure to pass back through the relief 
valve and vent to atmosphere. The type 2 design of too valve, 
two of which, are fitted in each tank, one at the top a t nd 
one at the bottom forward, is such that with n< air pressure 
applied it remains closed by a combination of fuel pressure 
and t e force of the spring seating the valve at the outlet 
of tn@ pressurizati n, line. Through toe jet assembly of the 
unit, servo air pres, arc, at Id p.s.i. differential, is 
directed into the servo pressure chamber. This pressure acts 
on the pressure plate, which is connected to the valve, and 
overcomes the force of t e spring in the fuel chamber. The 
air pressure moves the pressure plate to open the valve 
provided only that the servo pressure from the .jet assembly 
is available to act on. the pressure pl«-te. If the unit is 
immersed in fuel, the jet assembly, being also immersed, is 
obstructed by fuel to such an extent that the spring in the 
fuel chamber re-assarts itself and closes the valve. 

In the Type 1 design, fitted forward at the top of 
the tank and not normally immersed in fuel, the valve is 
positioned inside the pressure line and is opened by the 
lb p.s.i. differential acting in the servo pressure chamber, 
in this case positioned under the return spring, 1uel pressure 
helps keep the valve closed by forcing it down. ihe greater 
area of to servo piston as compared to the lower surface 
of the inlet valve overcomes any tendency f<. r the valve to he 
forced open by fuel pressure. 

Venting from the tank is effected by the tank 
ressure reversing tie flow in the pressurization lines. 

One or more valves, not being immersed in fuel, are kept 
open by the 18 p.s.i. differential pressure, through the jet 
assembly. 

In both types of unit, the valve has a spring 
loaded relief mechanism at the valve end of the connecting 
rod from the pressure plate,iso that if the 18 p.s.i. 
differential regulator fails, inward venting can take place 
through Type 2 units and outward venting through Type 1 
units. 
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(lv) B.IiT-r/: !TÜL Aï:. rPFS^IC-R .LC'F WXZ 

This valve protects the îselage tacks froa over 
pressurization during a climb or In the event, of failure of 
the differential air pressure regulator valve. Provision 
is also made to all w t to .pen duriro refuelling. 

The unit consists of three air chambers, contain- 
ing ambient air, upstream air pressure and metered upstream 
air pressure; a main valve, kept closed by toe force of a 
spring and the pressure of metered upstream air; a poppet 
valve, kept closed by the springs in the ambient air chamber, 
but moved to open in response to the diaphragm between the 
ambient air and upstream air pressure chambers. 

The pressure of ambient air and the spring force 
in the ambient air chamber is sufficient to overcome the 
pressure in the upstream air pressure chamber, thus keeping 
the poppet valve closed. The pressure of metered upstream 
air ni the force of the main valve return spring maintains 
the main valve closet. A. rise in upstream air pressure 
overcomes the ambient air pressure and spring force, and 
©'lows the poppet valve to open. The pressure in the metered 
air chamber escapes to atmosphere and cannot be immediately 
replaced due to the metering orifice; inlet pressure over- 
comes the force of the main spring and opens th* *r.rtr. valve. 
As soon as the inlet pressure, and consequently the upstream 
pressor-, falls below 10 p.s.l. differential the poppet valve 
closes again, pressure builds up in the metered upstream air 
pressure chamber, and the main valve shuts. The v.lva has a 
permanent bleed, which stabilizes the functioning of the 
pressure regulator and .also serves to & 1 w pressurizing air 
to escape wher, the aircraft is on the ground. Tank pressure 
returns to atmospheric pressure after about 20 minutes on 
the ground. 

In the event of the pressure regulator failing, the 
valve will open when tank pressure exceeds 10.5 p.s.l. differ- 
ential. 

During refuelling, the override solenoid is energized, 
air in the metered air chamber is allowed t escape to 
atmosphere, and inlet pressure f.-rces the rain valve open. 

This valve also allows the escape of excess fuel, 
due to fuel expansion, when t.v- tanks are full. 

6. 
(i) The pressurizing air in the fuselage tanks, main- 
tained at 10 p.s.l. differential forces the fuel into one or 
both of the Fuel/ilo Air Valves fitted at the pick up points 
of the transfer line, and along the transfer line to the 
electrically driven transfer pumps. These pumps boost the 
transfer p-assure from 10 p.s.l* differential to match the 

■r pressure of the wing tank system which is at 25 p.s.l. 
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absolute* The outlet.fuel pressure of the transfer pumps 
is regulated by a fuel pressure regulator valve to 25 p.s.l, 
absolute. In the event of the regulator failing an over- 
ride provision permits pressures in excess of 25-30 p.s.i. 
absolute to be fed back to its associated fuselage tank. 

in the event of the transfer pump failing! fuel 
is by-passed through the shut-off and by-pass valve fitted in 
parallel across the inlet of the pump and the outlet of the 
regulator* Pump failure is sensed by a differential pres 
switch fitted in pars lei with the pump which completes one 
of tue ZL PROP" warnsng light circuits, and the "j rib 
iffp" vanning light in the cockp.'t c- ; s >n. 

If.fSi The electrical input to the transfer pumps is 
controlled by a scissor switch on the port main 
undercarriage; supply is made available only hen 
the landing gear is retracted. 

The solenoid-operated vulvas in the servo line, 
between the shut-off and by-pass valves and the 
level sensing valve, are also controlled by the 
scissor switch in too port main undercarriage. 
The solenoids arc energized when t o landing 
gear is retracted and the transfer pump is 
functioning. (The function of the solenoids is 
explained in para 7 (v) nd the level sensing 
valve is explained under refuelling). 

7. TKfiffK’R C'.fPOfEKTS 

(l) nn./r?o AIR VALVS 

Two of these valves are located at the bottom, 
fore and aft, of each fus lage tank. Provided they are 
covered with fuel the valves remain open end the pressure 
of air forces fuel into the transfer lines. As soon as a 
valve becomes directly exposed to pressure of air the 
inlet closes end nr- air enters the fuel transfer lines. 

The valve is constructed tot- 

(a) Open when immersed in fuel 

(b) Close if air is likely to enter the transfer 
lines, either du- to low fuel level in too t nk 
or aircraft atitude. 

(c) Act as a check valve durit,, refuelling. 
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The unît consists of a float operated poppet 
valve, which closes one or both of the fuel bleed 
passages and a hollow shafted valve unit Incorporating a 
fuel-operated piston. The operation of the unit depends 
upon the fuel pressures acting on the piston, the pressures 
being dependent upon the position of the poppet valve 
controlled by toe float. The solenoid operated stop valve 
is not required and is left de-energised, the poppet it 
controls being open. 

With the float up in fuel, the poppet valve is also 
up and the upper port closed. Tank pressure forces fuel up 
the hollow shaft of the main valve to the back of the piston, 
but this fuel is allowed to escape to the downstream side of 
tho v&lve through the bleed passage under the poppet valve. 
With downstream pressure on both sides of toe piston, and 
downstream pressure on top of the volve, the greater tank 
pressure is able to overcome the force of the weak return 
spring and o, n the fuel valve. If tho fuel level falls, 
the float mechanism closes the lower port of t :e poppet 
valve preventing fuel escaping from the back o3 the 
piston, which, being of greater surface area than the 
fuel vslVe surface area, forces the valve shut, «hen the 
fuel level rises again the pressure at the baek of the piston 
is released and the valve opens. During refuelling the unit 
acts as a check valves fuel is forced under, .pressure through 
the spring loaded ball valve and acts oh the top face of the 
piston, but cannot escape through the hollow shaft due to 
the ball valve housed In the si !*• v Ivc. «re 3 3 nr os on both sides 
of toe piston balance, and fuel pressure, acting on the top 
of the fuel valve, closes it. 

In inverted flight, the return spring of the float 
operated DO.pet valve moves the por et valve to close the 
fuel escape, and no fuel transfers. The float is counter 
balanced to have no weight in air, and thus, when immersed in 
fuel, the return spring of the poppet valve controls the 
function of the unit and closes the main valve. 

In the controlled C of G system, where no fuel flow 
proportionner is incorporated, the function of the valve is 
also regul- ted by the solenoid operated stop valve. Ith the 
stop valve solenoid energized the fuel escape is blocked 
reg^rdles: of the position of the float and due to the build 
up of pressure on the top surface of the piston, the fuel 
valve closes, '..'ith t .e solenoid de-energized tho unit works 
normally. 

(11) TR/u3Fl?I% fUhrS 

The transfer pumps, one fitted in t e ine between 
eac fuselage tank -nd its respective side of the sub-s, stem, 
ere electrically driven fuel pumps, which function at a work- 
ing pressure of 50 p.s.i. differential. These pumps come nto 
operation only when the aircraft main, gear is retract u. In 
order to test the fencti mo.;, f the pumps on the gr und, ,.ross- 
to-check buttons are provided at the master refuelling control 
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panel. If the aura; s are working, th- buttons will light up. 
The pumps are driven by a 200. volt, threw phase 400 c.p.s. 
motor. Failure ->f either pump in flight is indicated by a 
différéati 1 pressure switch, fitted in parallel with the 
pump, which actuates the "1 URL PRO?»* warning light in the 
cockpit, A low-level sensing unit, ©runted or the aft Fu 1 
/No Air Valve in each fuselage tank, cruses the ressective 
transfer pump to be switched off when transfer from the .tank 
Is complete. 

(in; „üimdS 
The unit consists of a spring-loaded piston-action 

main alve, governed by a 25 p.s.i. absolute bel ovs type 
sensing unit, which controls the pressure In the fuel chamber 
at the back of the piston, and thus controls the opening of 
the v ive. 

Inlet pressure farces too vslvo to open, and fuel 
also enters the fuel chamber through the check valve in the 
eye of the main valve, fuel in the chamber is allowed to 
bleed away to the outlet side through the graduated orifice, 
the opening of which is controlled by the pressure sensing 
bellows, if' the downstream ...pressure exceeds 25 p.s.i. absolute 
the be lows begins to contract and close the graduated 
orifice. Pressure in the fuel chamber-forces the main volve 
towards the closed position, and the fuel pressure passing 
through ta unit is reduced. At 27 p.s.i. absolute downstream 
rassure contracts the bellows sufficiently to close the 
graduated orifice completely and the valve closes. In 
practice, the valve assumes a .ositlon, governed by the bellows, 
such that the outlet ressure remains at a constant 25 p.s.i. 
absolute. 

(lv) 

The valve has two pistons, spring loaded and 
moulted back to back on hollow spindles} a ch piston can 
close the valve but both must be open t open the valve. 
’.’hen fuel pressure is a, oiled, fuel flows to the piston 
chambers through the eye and hollow spindle of the primary 
valve. This rassura, rctin. • n the larger surface ?>t the 
back of the pri ary valve, forces the piston to stay firmly- 
closed, '.-.’hen the . rassure is released i. the primary 
chamber, fuel pressure at the inlet overcomes the spring 
force and opens the prim: ry valve, fuel flows through the 
body of the unit, and, acting: on the larger fr nt face of 
the secondary valve, opens it allowing fuel to sss ack 
to the tank, ■‘■his operation occurs when the regulator falls 
and fuel pressura is too high yt the outlet of the transfer- 
pu; p and fuel-pres-ore-regulator combination. If the transfer 
pu tap fail3, pressure downstream is Virtue ly nil and How 
occurs in the reverse direction. 
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Fuel pressure in the prim; ry piston normally keeps 
the valve closed, the fuel in the secondary chamber is allowed 
to bleed sway through' the return-tn-tank line. In-order to permit 
automatic function of the valve as a return line to tank in 
the event oi the pressure regulator falling "open** • ; s by-pass 
over-ride syster is incorporated. 

(v) 

In the event of the pressure regul ’tor failing in 
the open position, downstream pressure would, be much in excess 
of 2? p.s.i. absolute. To prevent damage to the system the 
excess pressure is fed back to the tank through the shut-off 
and by-pass valve. To open the by-pass valve, the pressure 
in the primary piston chamber must be released. The servo 
line from toe primary chamber to the level sensing valve, 
which normally controls the shut-off valve, is passed t:.rough 
a bellows pressure-sensing unit in which downstream pressure 
is felt by the bellows. At normal pressures the bellows are 
exparaied and keep s poppet valve shut which prevents the 
release <f pressure from primary chamber. If downstream 
pressures rise above 2Ô p.s.l. abs lute the bellows collapse 
and, by opening the poppet valve, allows the pressure In the 
primary chamber to escape. Fuel pressure at the inlet of the 
two-way shut-off valve can than open the primary piston and pass 
back to the tank. 

Between the two-way shut-off valve and the level sens- 
ing unit of each fuselage tanks are two. solenoid-operated 
poppet valves. These have the effect of switching the servo 
lines from the by-pass over-ride unit and the common return-to- 
tank line, used In flight, to individual primary and secondary 
servo lines t the level sensing unit, used during refuelling. 
The soletr ids are energized In flight when the circuit through 
the undercarriage scissor switch is completed as the undercarriage 
is retracted. During refuelling the solenoids are de-energised. 

The refuelling application of the by-pass and shut-off 
jribisd in para* 15 (iv). 

Sill‘ARY . T ï.r l ’J . h4C FiCI, Thu; AH. ; AHR-l ..ll-.lv’ 

The fore oing paragraphs detail the operation of the 
fuselage tank pressurization and transfer, and gives a break 
down and function of a; ch component. 

To summarise the whole of the fuselage system, now 
that all the controlling units are known, will unify the 

.. 
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High pressure air, from the aircraft air 
conditioning system, is tapped off the air-to-air heat 
exchanger end fad to both the fuselage tanks at a c nstant 
pressure of 10 p.s.i. differential through tie DIF! o ' TIA2 

. • 
one or more of the three IHlrKF C. , H ,L VAI.VMG fitted in 
e ch tank, which serve also to allow pressure in excess of 
10 p.s.i. differential as occasioned by climbing, to vent to 
atmosphere through the DirmHHTnL : hi lifHFi'n - FLIRT Vft»sr::ü. 
huai, under 10 p.s.i. different ial, is forced i .t the 1! "ÏL/KQ 
ivl.R VAJ.V'tm, two of which are fitted st the bottom of each tarif, 
and passed along the transfer lines to the FURL 1 AMdS ’’h PUif s. 
These pumps are fitted to match the fuselage tank transfer 
pressure to the wing tank pressure which is at 25 p.s.i. absolute. 
The outputoof these pumps is regulated by the FU"L RR2 RTTRF 
lÆGi.ILATbR to 25 p.s.i. absolute* From the fuel pressure regal - 
fuel passes to the fuel flow proportioner and to the 
collector tank, which are described in para. 11 (11), and 
para. 12 respectively. A Hu-.; hi, ;.T n is fitted in the fuselage 
tank pressurizing line to prevent excess pres ore in the event 
of a faulty differential air pressure regulator, and two others 
are fitted in the individual lines t each tank so that in the 
event of damage to one, pressure is maintained in the other, 

In parallel with the transfer pump «nd fuel pressure 
regulator, a h.UJT-QIY All; H.-. AhC VA by;;, used as a by-pass in 
the event of a pump failure, is fitted to allow fuel to transfer 
by a combination of gravity, tank pressure and suction from the 
fuel flow proportlmer, and a differential pressure switch 
across the pomp actuates the "FURL SOP" warning light in the 
pilot's cockpit. In the event of the pressure regulator failing 
"open", the shut-off anti by-pass valve acts as a return-to-tank 
and is governed by the FURL M-PASh t,V '.R-hllF! which releases 
tie pressure in the primary chamber when downstream pressure 
exceeds 28 p.s.i. absolute. 

-JU.k x&ms 

6. ■ .f.Y HAH - ; 

The win tank*, being an integral part of the inner 
wing, are of all me tel construction and cm be more highly 
pressurized than the fus lags tanks wit out fear of damage. 
This lias the advantage of being able to dispense' with certain 
components required in the fuselage tanks to permit venting, 
minimizes weight, and also allows for transfer of fuel for 
maximum a agi tie demands at all altitudes. 

The source of air pressure for the wing tanks is 
the same as for the fuselage tanka, but the line is divided 
upstream of two flow limiters, one for sub-system and two 
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ebsointe air pressure regal •torn -.et at 25 .s.i. absolute. 
The pressurising air is fed into the wing tanks, exclusive of 
the collector tank, through sized supply lines, which, in the 
avant oi damago to a tank, set as flow limiters, and ensure 
that sufficient pressure is available for the remainder. 
Over pressurization, in the case of a failed absolute air 
pressure regulator, is prevented by fitting an absolute air 
pressure relief valve, downstream of the regulator, which 
permits excessive pressure to escape to atmosphere. 

9. PaESSUr IZINO Ow'!-.!-;-;T;S 

(i) I hi hlHITER 

The flow èf pressurizing air from the high pressure 
supply line is r stricted, by the flow limiters, (described 
in pare. 5 (ID), to slightly above normal maximum demand. 
If the absolute air pressure regulator fails the tanks will 
not become over pressurized* The air supply ines to each 
of the wLng tanks are sized so that in the event of a wing 
tank being damaged the pressure to the other tanks is 
maintained and transfer continues. 

<11) A)g' m-At,  

This valve regulates the high pressur air from 
the flow limiters to a constant absolute value of 25 p.s.i. 
absolute. Its functioning is precisely the same as the 
différentiel air pressure regulator, (described in para. 5(D), 
but In this case the "bellows" are sealed, and designed to 
c--«tract at pressures In excess of 25 p.s.i. absolute, \orking 
against the force of the spring surrounding the bellows and 
the pressure of air sealed in the bellows, if t-.-e downstream 
pressure exceeds ^5 p.s.i. absolute the sleeve valve begins to 
close and reduces the volume of air passing through the valve, 
preventing further pressurisât!- n. 

(ÜD Ai^ynv; an  

This valve Is identical in construction and function 
to the differential air ressure relief valve, (described in 
para. 5 (lv)j, but in this case a sealed bellows exposed to 
upstream air pressure reacts to open the poppet valve when 
upstream air pressure reaches 25.5 p.s.i. absolute. 

During refuelling the solenoid Is energized, and the 
volume of air In ti-e tank, bel g replaced by fuel, is allowed 
to escape to atmosphere. 
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The fuel transfer pressure .-f 25 p.s.i. ?» solute 
forces fuel let-' the transfer lines by way of Fuel/So Air 
Valves fitted In the tnoks on the Inlets of the transfer 
lines. In tanks 6,7,and 6 the transfer lines have two inlets, 
inboard and outboard, which allows for the wing anhsdral. 
Tanks 3 have two inlets, fore and aft, and tanks 4 have only 
one. The fuel passes from the Fuel/IF Air valves at the inlets 
to the transfer lines to the flow proportloner units of arch 
sub-system. These units proportion t e fuel of their associated 
sub-systems at s rate of flow arranged, so that alt tue tanks 
empty at t e same ti.ar.e > and sc that, during ill got, t»»® dentre 
or Gravity of the aircraft re-.ains relatively constant. 

The wing tanks are so shallow on the outboard sides, 
that it is impractical to fit fuel pumps. Collection of fuel 
from these sides is necessitated by the :-:.n:vdral, the transfer 
has tac refera bean arranged through the Fuel/Ho Air v Ives 
into which fiv.a is forced by pressurizing air. 

3 1. ÎHhrUr:::, C -h-ON:.?ri:. 

u) _nziL mi-tm- 
The function and operation of this valv> is the same 

as ass already been detailed, (Paragraph 7 (i)3» iW" ■'-Ives 
are fitted in each- of the win? tanks with tbs exceptions 
of No, 4 tan-- which has only one. Ho. 5 (collector) tank was 
no Fuel/ Fo Air valve since all the fuel Is delivered to this 
tank from all the others for feeding through booster pumps 
t the engine. 

The snhedrpi of the wings demands that fuel may 
be collected fro?': the outboard as well as from tee 
inboard sides of the tanks, the I UP 1/Wo Air v Ives have 
therefore been fitted at the ends of laterally mounted 
transfer line, in tanks 6, 7» and 6, and on tr/ outboard 
side fore a--d aft in t ank 3. The- -niy Fuel/i.o Air valve 
in tatek 4 is fitted on the outboard side. The transfer 
line ire. tank 3 is c<r ;aon Iso t tank 4» 

(ii) ib./i PFOPORTl.-NFR 

The flow proportioner consists of five fuel 
chambers each with a separate inlet. Tanks 6, 7» and b 
h3V° separate chambers in the unit, as also do tanks 1 an 
2t the right hand flow proportioner accepting fuel from 

1 and the left hand fro: tank 2. fanks 3 
4, having a co. mon transfer line, have also a ce-mon »eol 
chamber in each flow proportioner. The chambers arc ol 
uniform diameter but are sized laterally aceoratngly to 
the tank, or tanks, from, which they accept fuel. In each 
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metering chamber, ranged on 3 co mon shaft, are fitted 
meter ng vanes, which all rotate at the same speed by the 
pressure of fuel entering t ,e inlets. By rotating at the 
same speed, the vanes proportion the fuel taken from each 
tank, and the unt of fuel take from each tank is 
governed by tne lateral width of the chambers which are 
sized directly as the capacity - f the associated tank;' 
t us all tank:-, empty together. ,n the outlet side i the 
aetaring vanes the fuel transfer line becomes common and 
passes directly to the collector tank on its own side of 
tho system. 

iach flow proportioner unit is fitted with an 
electric motor-operated by-pass, which is signa led to onen 
by a low level sensor unit in its respective collector tank, 
or, by the "BULL TU5L" selector switch on the muster 
refuelling panel. Tne refuelling function of the unit is 
described in para. 14. 

In the event of asraing or seizing of the metering 
vanes, transfer to the collector tank ceas s, and fuel for 
the engine is only available from the collector tank itself, 
•“hen t a level of fuel in the collector tank bar. drooped 
sufficiently, a low level sensor signals the electric 
motor in two by-pass of the flow proportions nnd motors 
"open” the by-pass. I'uel from each ir.l-.t • y-p.-ssos the 
metering vanes and flows directly to the common transfer 
line and two collector tank, once two by-pass has been 
signalled tt open, a lock-on feature keeps it so until the 
aircraft power supply Is: switched. off * 4is soon as aircraft 
or ground power, supply is switched’ on '«gain, too lock-on is 
sutr,a.£ tf slly released and t . by-pass will close. a funct- 
ioning of a flow proportioned must, therefore, be checked 
before power is applied; a mechanical indicator on 2act, unit 
indicates th by-pass in the "by-pass" or "mete in " position. 

then the low level sensor signals the by-pass 
motor, a "LGb LEVEL" light for that tank cone® "on" in the 
Pilot's warmn light panel f the pilot's cockpit, and the 
"FHdL “’HOP" ligfct also comes on as the by-pass opens, ( ae 
fuel warnings on page 29). 

SUfliAiiy hi TV; TTTG FudL TALK éKRATG.1 "’fTS 

The same source of high pressure air is used for the 
wing tank: as for the fuselage tanks, but as these tanka 
are integral of the inner wins the pressure is maintained at 
25 p.s.i. absolute by the fc-.OhUTE d [ - : Rd prop ;> y ' d. 
This air enters the w ng tanks through individual pressurizing 
lines which are sized t: maintain pressure in toe other tanks 
should one sustain de; age. FLO’.. 1.1 : ITERS are fitted upstream 
of the air pressure r . ulators sc that, Tn the event ot a 



•regulator fi lling, air Is at 1.1 available t- the tanks at a 
slightly higher pres stare tr.an normal, and th excess pressure 
escapes overboard through the At. . ■cl”. À :

 . DP rP''b; ' F 
V.i.vrià. Fuel, under 2§ p.s.i. absolute is forced I t -the 
transfer lines through t e TUPl/NO: AIE valves, which are fitted 
laterally in tanks A, 7» and B, fore and aft in tank 3 and 
of which there is only one in tank 4, and passas along the 
transfer lines to the Fl, "F F; ■ 0 IHIIT. The flow 
proportioher, through sized fuel chambers and co-axially 
mounted metering anas, proportions the amount of fuel taken, 
from the fuselage and wing tanks on its ova side of the 
sub-system, and .passes it to its r soda ted collector tank. 
The metering vanes of the flow proportions: are rotated by 
fuel pressure only. If one of the vanes should become .ja: ad 
fuel flow from all the tanks cf the sub-system ceases,. This 
result*: in the level of fuel it the collector tank falling 
until it is low enough for the level sensor in too tank to 
signal the FLO.- fKOPol.l i. l.H motor to the "by-pass" 
position. Th* low level s nsor ctuates the "DP. 
light on the Pilot's faming .Light Panel, and ti e "F-T L h-" 
light comes on as the br-pass is opened. mco the by-pass 
has opened, to lock-on feature keeps it open for the remainder 
of true flight. 

1 COLL: CT-WR TAhK.il A UP PHGIÆ FPIT 

ph ïVSSiîK IZ AT i ■ : il 

Fo il from all the tanks of, a .sub-system is delivered 
to the collector tank. An engine-driven booster pump in each 
tank passes fuel to t-.a en ine on its tvn side. Fuel delivered 
to the collector tanks is at the pressure of the rest of the 
system, but the level of fuel will vary to some extent upon 
the demands of the booster pumps and also because of aircraft 
attitudes which result in tne Fuel/So Air valves closing in 
the other tanks. In view of these variations of fuel level it 
car. be seen tht variations of pressure will also occur, since 
the t nks are n t pressurised directly to 2?; p.s.i. absolute 
as is the rest of the system. 

During an interruption of transfer the fuel level in 
the collector tanks will fall atad pressure will decrees, as 
fuel is used. To prevent f.-el fro® falling below fuel vapour 
pressure arrangement is esdo to allow air to enter th*3 tan/.s 
as the pressures fall, and for the air to escape again as fuel 
recommences to transfer and pressures rise. 

The pressures in the collector tanks vary between 
2 p.s.i. absolute at no flow , end 15 f*s.i. absolute t full 
flow. At Idli 
absolute. 
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(i) ■'LCA 7;: "G" ND LO- IR .ADMISSION VALY3 

This valve is fitted at the bottom of the collector 
tank and is supplied with air pressure from tee wing tank 
pressurisation system at 25 p.s.i. absolute. It consists of 
a spring loaded valve which remains closed against the inlet 
pres u o of 25 p.s.i. absolute provided the tank pressure is 
maintained above 11 p.s.i, absolute, nee the differential 
pressure across the valve exceeds 14 p.s.i. absolute, the 
25 p.s.i. absolute at the inlet of the valve opens it, and 
air bubbles up through the fuel and repressor!z«s the tank. 
Under negative "G" of inverted flight c ndltions fuel transfer 
ceases because the Fu- 1/Mo Air valves shut, and in the inverted 
flight attitude the only différence is that both sides of 
the valve are directly affected-by sir pressure; 25 p.s.i. 
absolute at ,e inlet, and tan- pressure at the outlet. 

These valves, of which there arc two in each 
collector tank, one forward arid inboard, one aft and outboard 
to allow for any aircraft attitude are fitted to allow the 
air admitted by t « "Negative "G" and Low Levai Air Admission" 
valve, to asca:e again once transfer is resumed ad the fuel 
level rises. The unit consists of two poppet valves which■ 
open or close in the air releas line. One is controlled by a 
float, and closes when the finit is up, and the other is 
controlled by air, or fuel, pressure acting on. a sealed bellows 
which closes the valve at a pressure of less than 13 f.s.i. 
absolute and opens it at pressures greater than 14 p.s.i, 
absolute. Both poppet valves must be open to allow the release 
of air, but either closing prevents the air escaping. The 
outlet air from the v-lve is pipad to a point downstream of 
the Different s 1 Air Pressure Regulator and escapes to atmos- 
phere. 

As the fuel level falls, during ah interruption 
of transfer,’the float po. et opens, and the pressure in the 
tank decreases, closing the bellows poppet as the pressure 
falls below 13 p.s.i. absolute. A further drop In pressure 
to below 11 p.s.i. absolute results In air being admitted 
through the Negative "G" valve. .hen transfer Is resumed, 
the fuel level rises and’ tends to compress the air In the 
tank, and as the pressera reaches 14 p.s.i. absolute the 
bellows contract, and op r the poppet valve to allow the 
air to escape. Once the fool level has risen sufficiently 
to operate the float poppet, it closes, and no further air 
escape can take place. 

In inverted flight with no transfer taking .lace, 
all fuel/Ko Air v-.lves being .shut, the only fuel avcliable 
to the engine is that which is in the collector teak and 
pressure will fall to b=low 13 p.s.i. absolute as it is used; 
at 11 p.s.i. absolute pressurizing air enters from the 

"beg-tive "G" end Low Level Air Admission" valve. The inverted 
illicit II it Is for 13 seconds. 
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ll sore t'.san 15 seconds of Inverted flight is 
maintained, and more t sn 6% of the fuel available 
for inverted flight Is used from the collector 
tank, the low level sensor unit in the tank will 
signal the fuel proportloner by-pass to "by-Pass" 
which duo to its lock on feature,' will remain in 
the "i.y-I’ase" position for the remainder of the 
flight, (See para, 11 (il)). 

The float of the float operated poppet is designed 
to have no weight In fuel, so that in inverted’'flight , the 
return spring surrounding the poppet closes the vrive and 
prevents fuel escape up t .& air release line. This would 
otherwise be open to atmosphere until the pressure in the 
tank had fallen below'13 p.s.i. obsolete to close the 
be13ows opera ted vsIve. 

13 • T a A la F . •: 1 ! 1 'A ID 

( i ) BOATER ?UiIPS 

The delivery of fini to the collector tank has 
already been described (para. 11 (il)), Ir. each collector 
tank is fitted a booster pump tr provide sufficient fuel 
pressure at the injat to the engine fuel pumps to prevent 
boiling nnd the subsequent vapour lock. The pumps increase 
the delivery pressure to a minimum of 15 p.s.i. differential 
above the collector tank pressure. There are two inlet 
pipes to the booster pu p, one- froa the forward inboard aide 
of the tank, and one from the aft outboard side. Each inlet 
sup,lies fuel to the eye of one of the two impellers, mounted 
back to back on a common web, which is driven by a shaft 
fthe accessory gear box of the engine on the side it serves. 
Each pump is capable of delivering fuel at the rate of 
100,000 lbs per hour (12. -)3? gals. r >ymr at 7.7 .lbs/gal. ) 
wit a pressure’rise of lo p.s.i. differential and only one of 
the two Inlets covered by fuel. Each booster pump is fitted 
with an cut-ins tic priming device to dispel air and vapour 
from the fuel. 

In tue event of a booster pump failing, » separate 
by-pass inlet, with' a non-return vrive incorporated, to 
prevent the booster pump, when working, from passing fuel 
back to the tank, is provided to allow engine feed to 
continue by a COKM; : ation of collector tank pressure, gravity, 
and suction from the engine fuel pump. This by-pass is capable 
of delivering fuel at rates up to the demands of one engine 
on military rating at sea level. 

(11) FURL > HOT-OF' VALV'1,5 A ill) C PIT? 

The control of fuel to th® engin®, after it has 
be-, a boosted through the collector tank, is governed y 
five electrically-driven Shut-Off valves. 11 the valves are 
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located on the oll-tb-faol h'-at exchanger, through which, 
In separate, chambers for each side, the fuel from each 
•collector is passed before entering the engine fuel pumps. 
Two valves, referred to as inciting valves, one for each 
sub-systec, ar located at the inlet to the h- et exchanger 
and serve to shut off fuel from no or other of the sub- 
systems. A third valve is located at toe bottom of t'e heat 
exchanger and s-'-rves as a crossfeed, so that fuel from the 
right hand sub-system cas be used in the left hand engine, 
the left hand isolating valve being closed. The reverse 
condition can also be imposed. The two remaining valves ore 
located at the separate outlets fro* the host exchanger to 
each engine, and serve as low pressure fuel cocks to isolate 
the engine from the fuel system in cases of fire emergency 
and for engine se -vicing. 

The isolating valves ore controlled by a 
crossfeed switch located tr: the cockpit; it has tie positions: 

(a) 'JOPIMI, - Each engine being fed by its own 
sub-s; stem; both isolating valves 
open and crossfeed neutral. 

(b) - -CUT wNî.Y - Each engine being fed by the 
right hand, sub-system; left 
hand isolating valve is shut, 
crossfead from the right. 

(c) LEFT T.Y - Each engine being fed by t e 
left hand sub-system; right 
hand isolating valve is shut, 
eressfeed from the left. 

Ifonly one engine is in use, fuel can be used 
fr ins either side to feed the live engine by manipulation of 
the crossfeed control in conjunction with the engine Low 
Pressure fuel cocks. 

The valves are sliding gate type valves, powered 
by a reversible 2b volt D.C, motor acting through & gear 
train, which can fully open or close within one second. 

Downstream of each low pressure cock is fitted, 
a pressure switch which switches on the "E'-G, ;L ;-!E:>Sw 

light on the master warning panel when engine feed pressure 
falls below 17.3 t .05 'p.s.i. absolute an tdhe# 
light out ov a ;.r~v3i:r-o reaches 18.3 + f*c P.s.i. absolute* 
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l4. OfhoRAl, DhhChIr'i L- h 

Thu aircraft is refuelled through two refuelling 
adaptors, one for each -Ub-systera, which are located in each 
wheel well of the main lording gear. Two refuelling tenders 
rre required to refuel in the minimum time, but it is quite 
in order to refuel one side at a tine. Refuelling.control 
is kept y three electric refuelling panels; one master panel 
and one refuelling control and signal panel for each sub- 
system. 

The aircraft can be either fully or partially 
refuelled. In either case the fuel passes from tea adaptor 
i.o t;>e Flow Proporti- rier Unit, but, if full refuelling is 
desired, the by-pass is open d ana the tanks fill at random. 
If partial refuelling is required, the by-pass is left shut, 
and fuel is proportioned through the Flow Proportloner to 
each tank. In this xatter case the quantity of fuel to be 
delivered is assessed by subtracting the c ntents shown on 
the gauges in' the fr: ni cockpit from the total required, 
and ail 'tank9 will have a quantity of fuel proportioned to 
tuem sc that the C >f G regains within limits. 

The supply of fuel tc the various tanks, during 
refuelling, is mainly carried in the sane piping system 
that, during flight, transfers irai from tea tanks to Ira 
.1 low Proportinner, however, tc prevent damage t tanks b •• 
maintaining the refuelling pressure of 50 p.s.i. absolute 
after the tanks have filled, the supply to each tank is cut 
off automatically by Tank Shut-Off Valves in the supply linos 
which are povarned by a-Level Sensing Valve in.each tank. 
The nily tanks which have a separate refuelling line are 
tne collectors. Tna refuelling lines provided have c shut- 
off valve and its associated levai sensing valve, nnd is 
fed d rectly from the refuelling point, thus the collector 
tanks are always filled, and filled first. The normal 
transfer pipes from the- How Proportioned to the collector 
tanks are shut by a manually operated Gate-Valve linked 
to the access door to the refuelling adaptors in the wheel 
wells. 

15. RwF:" .bhj.NG c j;\,d :uTw 

( 1 ) rkTlih hi,! ..ecu DOuP AiO .ihU’ïïà' LY-JP.TiAÏJ&^MZÂzli'JÆS 

The gate type valve, shutting off tae t.ansfer 
line, is closed during refuelling fey the 70 ■movement - oi 
the acceso door to the refuelling adaptor being transmitted 
through mechanical linkage to a 90 rotation which closes 
the v lve. The access door latch pin, when locked shut, 
engages a micro-switch in the "FJ L PROP" warning light 
circuit. If either door is not shut, or not correctly locked, 
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the ;1UPH liront tn tr e cr-ckplt comes on, and warns the 
occupant that on. or both of the gate valves has been left 
shut, preventing the transfer of. fuel to the collector t nk 
from tn>: 1 n * i ac . Oreo the d >:r lock Is disengaged, t.c 
doer is fully opened toy the 

The tanst r rafueJ 3ing psnel is located on the 
under side of the duct bay immediately forward of the left 
hand speed brake, the access door to which can only be 
opened when, t he spend brakes are " . Iîl!. 

The master panel incorporates a master refuelling 
switch, ; nd a refuelling selector switch, 

(a) MALTPB h'l If-i?G CMTCH This switch has two 
positlonsî 

(1) In this position, the switch energizes 
the over-ride solenoids in the relief valves and 
vents the tanks to atm- sphere. It also brings on 
the relue 1 in. indicator on the subsidiary 
“Refuelling Control A higoal anol" foi* each side. 
<other functions are explained undur ".h'LCC'ii ICo"). 

(ii) OFF & Pli'üüh In this position the switch 
over rides all rel'aelltng sw: tones and lights. 

(b) :Hl.hlLhlhG hhI,SCTl;h ohli'Ch This switch hns three 
positions: 

(i) PAFIlAh There are two “parti; 1" positions 
of the switch, in either of which the by-pass 
motors of toe flow proportion.rs are motored 
shut and fuel Is proport! ned into the tanks. 
(The two positions are for the Mk II controlled 
C of G system where each position selects certain 
tanks to refuel). 

(Ü) lb'-. . :r ) U' L In this position the Flo-. 
Proportioner by-pssses are motored to “by-pass'* 
and tanks fill at random. 

Incorporated on the Master Panel are two tank 
pump indicator buttons for checking the respective transfer 
pumps (see para. 7 (ii)), and also a ground tost safety over- 
ride switch for switching on the transfer pu ps on the ground. 

The Master Refuelling Switch is provided with a 
guard which prevents the access door from being closed with 
the master switch left "OR", 



-22- 

(lit) RmPHTlLIWh G I.TPOL.ÆaD SIG!’;,L ?■ A~d~T, 

The r< f uelling control and signal parie], located 
outboard of. the r-: fuelling; accès door in each ma5 r landing 
gc.w well, t run • 37 yard tea a "uTFif L Gvi'.TRbl," switch, which 
controls the flow into the tanks -m its respective side by 
energizing fcas s olenoids in the secondary ch's.abers of the 
level sensing valves. Also on t is panel Is'ono green signal 
light for each tank, which goes out when refm ■ling is 
taking place and comes on ;.s the tank fills. The lights are 
activ ted by the secondary piston of the tank shut-off valves 
are! thus serve as a functional check of V valves r.nu the 
level sensing units in tho tanks. 

(iv) dnFU'MhirK; hinrr-oH- VALV : & I.TVEL .■ J-G V; ■/n 

The refuelling and shut-off v-ive consists of a 
primary and secondary piston, and a switch assembly, attached 
to tho secondary piston, which completes the circuit to its 
associated green warning light on the Pefnailing Control 
and Signal Panel, when the piston is seated and the valve 
closed. Thé construction of the valve is similar to the two- 
way shut-off and by-poSs Valya (described in pera. ? (iv)) 
but has a chock, .valve in the primary piston to ; revont reverse 
flow. The chambers are interconnected fey a bleed port and 
the valves are normally held closed by lightly loaded springs 
in each chamber. 

There arc two basically similar types of level 
sensing, unitr. Th~ Type 1 unit is . used in toe wing tanks 
and the Type 2 in the fuselage tanks. 

The Type 1 unit consists of a pri ary and secondary 
Valve controlled by floats i the primary and see ndarv float 
chambers. The primary c smber is permanently drained to the 
tank, the floot -rising only when the tan, proper in full. 
The secondary chamber i« drained through a sola noid-operated 
poppet valve, contre led fey the ,fK " 1TL CchîTihiL" switch, which 
allow drainage to tank only when the solenoid is de-energized, 
oervo line a from the twe chambers of t-.o shut-off valve are 
connected to the secondary float chamber, but the line from 
the primary pi -ton chamber is routed through the pri ry 
side of tie level sensing unit in such a way, that the primary 
float-operated valve can block the pri ayy servo line en the 
tank is full. 

by energizing the solenoid in the level sensing 
valve secondary chamber, drainage Irani this chamber is stopped 
and fuel, bleeding thfo-u; h tne shut-off valve, fills the 
secondary chamber by way ..of. the servo liras, When the 
secondary chamber fills and the float rises, the float operated 
poppet valve blocks, the-'servo line rmd pres afire in bsecond?ry 
piston chamber increased to the point where the sec adary shut- 
off piston closes, regardless of the level of fuel In the 
tank. This op- ration is used to ,,re-check the functioning of 
the tank shut-off valves. Whan the tanks are being filled, the 
action of tie primary float operated valves, of the levai sensing 



units* blocking th primary servo lines, increases pressure in 
the primary piston charabers ■ nu automation ly closes the shut- 
off valves' When the t*nk - are full. During' filling, but. after 
pre-checkin*-,, th-r 8---len -ids ere left de-onergiste-.- and the 
Secondary float cuambers are allowed to drain so that pressure 
in. the secondary piston chamber is roltesSteci an<i the shut-off 
valves are allowed to re-open. -'.efuellinr can Chen be 
completed. 

The type II Unit is Used with the By-pass :nd y hut- 
off valve In conjunction with the by-pass ov r-rlde. The 
type I" valve is 'similar to the Type I,valve, but has different 
flow requirements. Due 1 the indirect circuit between the 
shut-off valve mid the level ae.sing units, of the fuselage 
tanka, the servo lines -re of a slightly larger size than in 
the wing tanks. This resulted in the secondary chamber of the 
level sensing unit fi ling too rapidly and ihr drain port was 
not large en- uyh to allow the fuel in the float chamber to be 
dumped to a low tue valvè to re-open after pre-checking. In 
the Type II level sensing unit the primary servo line is passed 
to the' primary chamber- and is not assad through to the secondary 
chamber*but drains to the tank. In this way only the secondary 
servo line flow'is used to fill too secondary float chamber and 
the flow rate is still - slightly .greater- than the flow of the 
combined primary and secondary servos in the normal valves, 
but is not too large to flood tr. secondary float chamber 
permanently regardless of-the solenoid po pet valve position. 

(v) ■»- w -OFF V/\i,yn 

A two way shut-off valve, located in each collector 
tank, ope; at■■•s in .tno same manner as the refuelling shut-off 
v ivos, but also allow reverse flow through the Valyas i nr^ 
use during defuel ling. The c nstructl- n of the valve is the 
same as the refuelling shut-off valve with the following 
exceptions> 

(a) There is no check valve in the prk.v ry piston. 

(b) A check valve is fitted in each servo line. 

t, drop in pressure at the inlet :*f the two way 
shut-off valve is felt ir the piston ch-.ber, tels closes 
the check valves in the servo lines and allows the fuel to 
open the piston valves and to flow In the reverse direction. 

' Il-C, -.V . --L dj 

(a) Carry out refuelling safety precautions in accordance 
with the latest, instructions. 

(b) Switch the master refuelling switch on the roaster 
refuelling panel to N. T is energises "open" the over-ride 



BO'enoids it the .«iaf vtlves, which dissipates the pressure in 
the tents, rnd.prevents further pressure frern entering the 
the tanks, in'too event of too air conditioning , ressui rig 
being in operwti; n. The fuel by-pass over-ride go's holds, 
which wueh energized inter connect the servo l ings fro. ti e 
r-.:fuel-lint rhrl-off and by-peas valves t the /••••tarn tc tank 
line, are left de-enerpi-zed for refuelling the fuselage tanks, 
and the serve lines are connected fron, the shut-off valves to 
toe level sensing units. 

(c) Ch«ck that the seven green lights on ea h refuelling 
c utrol and signal parcel come on. '1 ..is will Indicate tuut the 
s nit-off valve in each tank in -losod. 

(<J. ) wiwitch the selector switch on the master refuelling 
panel to FULL. This motors the flow reportloner by-pass to 
the open position. 

(e) Open the refuelling access door in each css in landing 
gear veil, remove the cap from the.pressure refuelling adaptor, 
and attach the refuelling nozzle to the adaptor. The action of 
opening the access doer closes the nanaa ly operated gate valve, 
shutting off the transfer line to. the co lector tf-rk. 

(f) With the refuelling tender pressure adjusted to 
i'5 p.s.i. indicated on tha gauge, open the refuelling nozzle. 
Check the signal lights remain n. 

(g) Pre-check tha Closir.g of the shut-off valves 
immediately after cpenlog the refuelling nozzle, by switching 
UÎ the refuel control switch on each refuelling control and 
signal panel. Ensure that the, signal lights go out. Switching 
-jfi the refuel control switch energizes th Gcl?n<-ids open 
in the level.sensing vnlv a, the iocoalng fuel opens the shut- 
off valves and fuel flow into the .ten.s commences. Sfee opening 
of the shut-off valves c.-.asos tho sign-1 lights t^- go. out. 

(h) fra-check the closing of the shut-off valves 
immediately -after the signal lights go out by switching OFF 
the refuel control switches. Ensure that the signal lights 
come on. iiwite .Ing Off tha refuel control switches de-energizes 
and closes the level sensing valve solenoid operated poppet 
valves end the shut-off valves clos-', causing the sigr.nl lights 
to come on. 

(j) Close the refuelling nozzle immediately after pre- 
checking and switch the rofuelling selector- s-.-itch to either 
PARTIAL 1 EFiF.L selection. This causes the flow proportloner 
by-pas' to be motored closed. 

. IE During pre-checking, the refuelling 
selector switch must be In tha FULL 
position. Consequently the flow Is 
not proportioned to alntain 6 of C. 
It is therefore important, during 
partial refuelling, that a minimum 
of fuel enters the tanks during pre-cheek ng. 
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Prior if partial rcfaéîtl'it.g, the <v mint of fuel 

r-"T-r. irir r ir the tanks rust be obtained from' tt« granges 
ir. -tr-o front fckpits, (registered in pounds) end subtracted 
frorc the in: .01 ;.t :> fuel requited to arrive at the 
quantity of fuel to be delivered to the rr: rcraft. 

"Inrura that refuelling selector switch has been 
switched to cither. ’h-AHTlàL rUFwri," positions, r-nd proceed 
as follows! 

(a) üvitçh the refuel control switch OH, and with 
the tender \> e r.ure re-adjusted to ÿO p.s.i. indicated on 
the gauge, re-open the .-'duelling nozzle. The incoming fuel 
pressure 'open's the shut-off valves, the signal lights go out, 
and refue111. cos ..,erces. 

(b) When the refuelling tender gauges indicate that 
the required amount of fuel has • sen delivered, shut off 
t e refuelling tender pumps and switch the refuel control 
switch on each refuelling control and signal -anel to OFF. 
This de-energizes the solenoids in the level sensing valves 
to the closed position and the pressures in the shut-off 
valves equalize, closing the shut-off valves and causing 
the signal lights to cone on. 

(c) Terr,rye the r* fuelling no rale's free, -the adaptors, 
replace -the c os on tie adaptors and close tfa accès ■ door. 

ÇJULiÜli The ■ ■ “u 111-; access dorrs control t o 
manually operated gate valves, which in 
turn control the transfer flow Into the 
co1 ct or 13 nks , It it .. refore 
essential to ascertain that both refuell- 
ing access doors ere properly closed on 
c i... !•- I n of refuelling. 

(d) Switch the master refuelling switch on the master 
refuelling panel OFF. This de-energizes the solenoids in 
thé relief valves and air. pressure regulators, closing ,o;f 
the vents to atmosphère, and all owing pressurization air 
to enter the t nks. iti -.ris select! - n nil signal lip; tr- 
c.n the refuelling control and signal p,- els go out, red 
ail' refuelling switches are over-ridden. 

(e) Clos the r-est^r refuelling panel access door. 

Id. FHLb ' IT'fFf.i : ’G 

After pre-checking, the procedure for full refuelling 
is the same as the procedure for partial refuelling with the 
following exceptions! 
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(c) Switch the- selector switch on the mss tor refuelling 
P&2X6 x to b h Ui.«* 1 his wile, ^ic-tnr the* flow propo.rti >n r by-pass 
to the >p.;- position, 'iiiis selection is i. U- . d t ronrhout 
t i'ul r ’.vl' no seen.-rice. 

(b) The level sensing volves in the tanks will canoe 
t!,3 tsnr shut-off valves to close rutocatie.-.ily w e~ toe 
tanks ere filled. The lights or. the refuelling control and 
signal panels will can. on when, t c shut-off valves clog.-? 
Indies ti: g that the tanks ore full. 

1*1. fHlr Lir.hhlo.’p 

The aircraft Is defuellad through,the refuelling 
adaptor in each main landing gear well. Defuelling from the 
wing storage teaks and the fuselage tanks is effected by 
tank pressurisation forcing the fuel through the transfer 
lines, assisted by suction fro» the tender’pumps, ftp. 
external source of air pressure s recessary t- - res suri re 
the tanks to achieve t >is, 

Defnailing from the collector tanks, which are not 
pressurised by air, is by suctl n through the .two way shut-off 
valves» ns t ie level in the collecte»' tank drop'--, air is 
admitted t orou h tue negative "G" and low level air admission 
valve to take t;. .- place of the displaced, fuel. 

The refuel!" ny master switch remains in the IFF 
and iihFhGL position for defuell I r.p, therefore - no s loctl n 
is necessary, residual fuel may ho drain d through iuel 
and condensnt© drain valves located in the bottom "skin of 
the Inner wing for the wing tan?a and at a flame trap in 
toe bottom of ton duct bay for the fuselage tanks. 

i&ÊESl An aided fuel and condensate drain 
valve Is fitted at the bottom of the duct 
bay, which- drains the space between 
the fuselage tanks and the tank fl ors, 
providing r-, convenient method of 
checking for leakage from the fuselage 
tanks. 
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2ü. 

FUNCTIi-;.: TESTING 

I. '■'Ai-. Txi2 : üvl, P’-Fr ".'FIZA^ J. K âvBTEH 

points in îf 
r¥enF.vr-r: adaptor's aro provided at six cheek 

p re; •ly.àtlne System te cbt-.in pressure 
readings f- r the Function tests described in subsequent 
parsgr ph», and to assist lis trouble Shooting the system* 

(r) dns in each fuselage tank accès panel. 
(b.) ne in tue line at trie outlet of tbe differential 

pi os mo regulator ir the duct bay. 
(c> One in the line at the outlet of each absolute 

pressure regulator in the' engine bay. 
(d) une at the outlet of the servo pressure regulator 

in tile duct bay. 

sno'.n, 
The foil.ovinj tests must be .carried out in sequence 

;ith ■ ac- aircraft dnfuel'led. 

2. ~.i: : .•■ b ID ,j. Ai ■ : T VLV”'S HJNCTr -N' T: . T 

To function test the differential 
relief valves proceed as follows! 

nd absolute air 

(a) Connect three 0-25 .p.s.i. prossur gauges, 
one fit the pressure gauge adaptor at the outlet 

the differential pressure regulator one 
at the adaptor at the outlet of each absolute 
pros3ure re. ;ular or. 

Cb) D .1 sconce ct and blank, of : the outlet pressure 
ner.sin.b lines at the di- fere nt .Lai and absolute 
, r- figure regulators. 

(c) If tue r,ester refuelling panel access door is 
open, ensure that the master refuelling switch is 
in the 0k> Abb PbDUDL position. 

Cd) Connect the ground pressure rig to the fuel 
pressurisation ground test c< nneetion and apply 
pressure, progressively raising the pres nue 
from 0-t>> p.s, over pvrirh rf f ive minutes. 

(a) Cheek the p esvure at each gauge during pressure 
build up. Tiia reading on the gaug - et t.-.e 
Inferential pressure regulator outlet must be 
from 10.5-11 p.s.i.g., and ta r^ad • ttç m tue gruge, 
at the outlet of each absolute pressure regulator 
rear.i ue from 26-27 p.s.i. absolute minus harotaetrie 
fresvi- re in p.s.i,. 

KuTE In order to determine absolute pressures 
accurately, the barometric pressure for 
the day (in p.s.i.) oust be added to the 
observed readings on the pressure gauges. 
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CAPTIotJ Should the pressure reading on any of the 
gauges exceed the minimum relieving pressure 
by two p.s.l. during pressure build up, the 
air supply must be shut off i mediately and 
the defective relief valve must be re.laced 
before the test Is continued. 

(f) Shut off the air supply at the ground pressure 
rig. 

(g) Remove blanking and reconnect the outlet 
pressure so sing lines to the differential and 
absolute pressure regulators. 

3• Ain "■■:h>STjon; RFGULATn: ] PPCTI -.d T i'T 

nth the three 0-25 p.s.l. gauges remaining in 
the positions described in para. 2 (a) and the ground pressure 
rip connected, proceed with the air pressure regulator fun: tf n 
tests as follows! 

(a) Connect an added 0-25 p.s.l. pressure gauge 
to the adaptor at the outlet of the servo pressure 
regilator 

(b) ensure the master r fuelling switch is in tie 
PI T Ai© DEFIT’,0 position. 

(c) From, the ground,pressure rig apply pressure 
until gouge roads yO-bp p.s.i. 

(d) . hen the pressure readlh,.; becomes constant on 
each gauge, reduce the Tes sur ’ at the ground 
pressure rig to lb p.s.i.. 

(e) Check that the readings on the gauges are within 
the following limitsi 

(1) n the gaure at the outle" of ti e 
dif erer.tlal pressure regulator 9,75-10«5 
P. s. .. 

(ii) On the gauges at the outlets of t e 
absolute pressure regulators -24.75-26 
.s.i. absolute minus barometric .ressure 

in the p ,i. 
(lit) on the gauge at the outlet of the servo 

pressure regulator - 14-,5-16 p.s.i. 

(f) Progressively increase the pressure reading at the 
ground pressir e rig fro: 15 p.s.i. to op p.s.i. over 
a period of five minutes. 

(g) The readings on the gauges must re. ain the 
same as laid do m in (e). this .rovides a check 
that each regulator is functioning correctly through 
a vide range of Inlet pressures. 
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(h) Turn off the air supply, switch the master 
refuelling switch Oft and g low two minutes for 
the tanks to depressurize. 

(j) ùwitcu the master refuelling switch to OPT 
ANt D:-;tr:L. 

(k) Apply constant pressure from tea ground pressure 
rig at gauge r ading of !jQ p.s.!.. 

(m) Chuck, that the pr ssure bulli up at each gauge 
to the pressures laid down in (0) takes les? than 
two minutes. This provides a check that the 
regulators are fully open:ng to admit air into the 
tanks during pressure build up. 

The relief valves should romain closed 
while function testing the air pressure 
regulators. A small blfaod flo from the 
relief valves however, is normal when 
maximum regulation pressures are reached. 

(n) Shut 01 f the air supply at the ground pressure 
tig, and switch tea master refuelling switen ON 
to depressurize the tanks. 

(p) Remove the 0-25 p.s.l. pressure gauge from the 
adaptor at the outlet of the servo pressur regulator. 

4. AIR v Pllido, & RoLit'r VALVo .VOlrUlh-g. 
FUNCTION TEdTS 

VIth the three 0-25 p.s.I. gauges remaining in the 
positions described In para. 2 (a), end the ground pressure 
rig connected, proceed wit: the air pressure regulator and 
relief valve over-rides function tests as follows: 

(a) Connect the electrical external power supply. 

(b) insure that the master refuelling switch is In 
tne n position. 

(c) Apply a constant indicated pre. sure of 65 p.s.l. 
from the ground pressure rig. 

(d) Check that the reading on each gauge remains at 
zero for a peri'd o‘ three olnutos. This ovides 
a check that the regulator over-rides are shutting 
o f the air supply to the tanks during refuelling. 

(e) Switch the master refuelling switch to OFF Ai® 
DEPUHL and allow three minutes for the tanks to 
pressurize. 

(f) Check that the pressure readings on the gauges 
rise to the pressures laid down for toe differential 
and absolute regulators ir para 3 (e). Ihis provides 
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a oh^ck that the regulator over-rides are opening 
to allow the tanks to prcssurl*® nd the relief 
valve over-rides are closing the vents to atmosphere. 

(g) iiwitc t- e" master refuelling switch On. 

(h) The reading on the gaug 3 ust fall to zero 
In Jess.t -an two minutes. This provides a check 
tha.t V « relief valve over-rides arc opening 
.satisfactorily to provide vents to atmosphere 
during refuelling, 

(.3) Turn off the ground pressure rig. 



FUI'.L aYiSTwiî FAULT .i mi h :.: n : 

TR üi Lî . FRO&A&Lë- e^usS soy 
Differential air relief 
valve relieving contin- 
uously 

Different; si pressure E stablish which valve is 
regulator failed 

Differential relief 
valve failed 

failed by checking 
regulator outlet presrur 
at regulator test point 
it tanks ares mrized, 

Kx'c© 'sive pressure 
indicates regulator 
failed, formal pressure 
nr less Indicates 
relief valve failed. 

Replace defective regulei 
ator or relief valve. 

An absolute air relief 
valve relieving co tin- 
oously 

; levant absolute 

regulator failed 

elevsnt absolute 
valve failed 

Fuselage tanks air 
pressure does not vent 
to atmosphere when 
master refuelling 
switch is switched OK 

Wing tanks air pressure 
does not vent to 
atmosphere when master 

refuelling switch is 

Solemn d in differ- 
ential air relief 
valve override 
ir. ■ ■:. I’i t ; ve. 

Override circuitry 
defective. 

Establish which valve 
has failed by checking 
regulator outlet pressure 
at regulator test point 
v; i th t- nb'-. • "es ’ur trad. 
Excessive pressure 
indicates regulator 
failed. Kortrel pressure 
or less indicates relief 
valve failed. 

Replace defective 
regulator or relief 
valve.      

Replace differential 
air relief valve. 

Rectify electrical 
fault. 

Solenoid in relevant 
absolute air relief 

valve override 
inoperative. 

Override circuitry 
defective 

Replace defective 
absolute air relief 
valve. 

Rectify electrical 
fault. 



Vit NI" IgG 

FUS b SYSTlti F A" LT " AI." IV DD DD 

TSOUBIiH 

évidence of excessive 
fuel being vented to 
atmosphere in -the area 
of the duct bay flame 
trap during flight. 

PHüBA. IJÎ GAUbM 

Air/no fuel valve(a) 
inoperative 

Fuselage tanks fuel 
] and condensate drain 

valve leaking. 

lî> p.s.i. servo 
pressure regulator 
failed. 

Replace defective air/no 
f■ 1 valve(s). 

Replace effective fuel 
ana condensate drain 
valve. . 

Replace defective servo 
pressure regulator. 

Fuselage anc wing tanks 
air pro-.DU o does not 
vent te atmosphère, and 
tank Indicator lights 
do not co; e on when 
master refuelling switcis 
is switched uN 

Defective air release 
vaIve(s). 

Raster refuelling 
switch or circuit 
defective 

e pi ace defective air 
release valve(s). 

Replace defective 
master switch or locate 
arid rectify electrical 
fault. 
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TROUBLE 

A tank indicator light 
doss not coma on during 
refuelling pre-checking 

PROBABLE CAtiSS 

A tank indicator light 
does not go out during 
refuelling pre-check- 
ing. 

Relevant shut-off 
valve not closing 

Defective Shut-off 
valve 

Solenoid in level 
sensing valve 
inoperative or 
float mechanism 
defective. 

Light bulb or 
electiical circuitry 
defective 

K.riDY 

I uel is di: charged 
when op rating aft 
fuel and condensate 
drain valve in duct 
bay. 

Relevant shut-off 
valve not opening 

Defective shut-off 
valve. 

Solenoid in level 
sensing valve in- 
operative, or float 
mechanism defective. 

Override solenoid id 
override valve in- 
operative if it is 
fuselage tank indic- 
ator light. 

Replace defective shut- 
off valve. 

replace defective level 
sensir g valve. 

Replace light, bulb, 
locate and rectify 
electrical fault. 

eplace defective shut- 
off valve. 

Replace defective level 
sensing valve. 

Function test override 
valve and replace if 
defective. 

A fuselage tank is 
leaking. 

Determine source of 
leak and rectify. 
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FUEL SYSTEM - FUEL FLOW SCHEMATIC 



HIGH PRESSURE AIR 
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PI SERVO PRESSURE AIR 1 8 PSIG 
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FUEL SYSTEM TANK PRESSURIZA 
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  FUSELAGE TANK 
JSURE AIR » PRESSURE AIR, 10 PSIG 

WING TANK PRESSURE 
AIR 25 PSIA 

ARROW 1 

EM TANK PRESSURIZATION 

SECRET 



FUEL TRANSFERRING 
FROM WING TANKS 

CI05-LD36-3 

FUEL TRANSFERRING 
FROM FUSELAGE TANKS 

A 

FUEL SYSTEM ENG 



INED BY 

. WARNING 

TANK 1 (FEEDING R.H. ENGINE) 

FUEL/ 
NO-AIR 1 
VALVE > 

TO R.H. FUEL-FLOW 
PROPORTIONER 

BY-PASS OVER-RIDE 
SENSING UNIT 

LECTOR TANK 

LNSFERRING 
/ING TANKS 

FUEL FEEDING FROM 
COLLECTOR TANK 

COMMON-LINE FUEL AT TANK PRESSURE. 
PERMANENT BLEED FROM SECONDARY 
CHAMBER OF SHUT-OFF AND BY-PASS VALVE 

ARROW 1 

FUEL SYSTEM ENGINE FEED AND TRANSFER 

SECRET 



TANK 8 TANK 7 FUEL TENC 

CONNECT 

IN-FLOWING FUEL TO TANK 1 
FROM R.H. FUEL POINT 

SOLENOIDS D 

PRIMARY AND SECONDARY SERVO LINES REFUELLING 

CI05-LD34-3 

ARROW 1 

FUEL SYSTEM REFUELLING 

SECRET 



SOLENOIDS DE-ENERGIZED "OPEN” 

REFUELLING ENTRY POINT OF FUEL TO TANK 

ARROW 1 

SYSTEM REFUELLING 

SECRET 
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LIQUID LEVEL SENSER 

Cl 05-LD-63.1 

FUEL SYSTEM COM 



FUEL SYSTEM COMPONENT LOCATION DIAGRAM 

WING 

SECRET 



(T) OIL-FUEL HEAT EXCHANGER 

Oi BOOSTER PUMP LOW PRESSURE WARNING SWITCH (2) 
ViV (BETWEEN FUEL ISOLATING VALVES—ITEM 3) 

(T) FUEL ISOLATING VALVE (2) 

(T) FUEL PRESSURE REGULATOR VALVE 

(7) TANK SHUT-OFF VALVE (2) 

@ FUEL TRANSFER PUMPS (2) 

(B) FUEL —NO AIR VALVE 

(Û) AIR PRESSURE RELIEF VALVE—DIFFERENTIAL 

@ FUEL CROSSFEED VALVE 

(B) FUEL LOW PRESSURE COCK (2) 

(B) ENGINE LINE LOW PRESSURE WARNING SWITCH (2) 

(B) AIR PRESSURE RELIEF VALVE—REGULATOR (2) 

(B) AIR PRESSURE RELIEF VALVE—ABSOLUTE (2) 

C105-LD-64-1 



(7) AIR—NO FUEL VALVE 

(?) LEVEL SENSING VALVE 

(?) AIR NO FUEL VALVE 

(?) FUEL—NO AIR VALVE 

(?) HOT AIR FILTER 

(?) AIR—NO FUEL VALVE 

1 TANK NO. 2 

FUEL SYSTEM — COMPONENT LOCATION DIAGRAM 
FUSELAGE 

SECRET 





LAYOUT OF FUSELAGE TANKS COMPONENTS 





FUEL AND CONDENSATE DRAIN LINES 
25 P.S.I. ABSOLUTE PRESSURIZATION LINES 

AIR DISCHARGE LINES 

LAYOUT OF WING TANK COMPONENTS 
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ARROW 1 

COMPOSITE FUEL SYSTEM 
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ARROW 1 

(SITE FUEL SYSTEM 
-SECRET 



TO FUEL FLOW PROPORTIONER DIFFUSER INLET FROM FLOW PROPORTIONER 

BOOSTER PUMP; 

PICK-UP POINT 

AFT CAPACITOR 

ACCESS PANEL x 

REFUELLING INLET (f J 

25 P.S.I.A. PRESSURIZATION LINE ^ 
PASSING THROUGH COLLECTOR " 

PUMP BY-PASS- 

ENGINE FEED 

ENGINE FEED HOHBMH FUEL TRANSFER AIR RELEASE LINES BBH 25 P.S.I.A. AIR LINES 

COLLECTOR TANK COMPONENTS - FUEL SYSTEM ( FLOW PROPORTIC 

SECRET 



mONER 

T < - RIB 4 

SERVO LINES BETWEEN TWO-WAY 
,SHUT-OFF AND LEVEL SENSING VALVE 

AIR ADMISSION VALVE 

, (ON TANK BOTTOM) 

FROM FUSELAGE 
TANK 

25 P.S.I.A. SUPPLY TO 
AIR ADMISSION VALVE 

=AIRCRAFTCL 

25 P.S.I.A. AIR LINES REFUELLING 
CONTROLLED C/G 

CAPACITORS © QUANTITY 
CAPACITORS 

SYSTEM (FLOW PROPORTIONER AND CONTROLLED C/G) 

SECRET 



FUSELAGE TANKS TRANSFER LINES AND COMPONENTS 



TYPICAL TIE ROD END FITTING H TYPICAL SERVO PIPELINE CONNECTION 
“ BETWEEN CELLS 1 AND 2 

TYPICAL SERVO PIPELINE 
CONNECTION - CELL NO 2 

WASHER V 

GLAND O-RINGS STAT-O-SEAL 

TYPICAL MAIN PRESSURIZATION 

LINE CONNECTION - CELL 2 

WIG-O-FLEX'. 

WASHER ' 

GLAND O-RING STAT-O-SEAL 

□ TYPICAL MAIN FUEL LINE 

CONNECTION BETWEEN CELL 1 AND 2 

BULKHEAD “ 

WIG-O-FLEX\ 

NUT 

..FUEL CELL 2 

DOUBLER 

CAP NUT STAT-O-SEAL 

TANK BAY 

TYPICAL METHOD OF MOUNTING 
COMPONENTS INSIDE FUEL CELL 

COMPONENT 

MOUNTING 

SEALING OF FUEL CELL CONNECTIONS 
FUSELAGE TANKS 



15 P S I. FROM REGULATOR 

VENT-INTAKE-CONTROL VALVE TYPE 1 

CF105 — FUEL SYSTEM 

SECRET 



TYPE 2 AIR/NO-FUEL VALVE SCHEMATIC 



1 ~~l AMBIENT AIR PRESSURE 

Bgsa HIGH PRESSURE AIR (85 P.S.I.G. ) 

I 1 FUSELAGE TANK PRESSURIZING AIR AT 10 P.S.I.G. 
EXTRACT FPvOn 7ni-3H-I 7-I. 

DIFFERENTIAL AIR PRESSURE REGULATOR SCHEMATIC 



BELLOWS SEALING 

PLUG (FITTED 

TO ABSOLUTE 

REGULATORS 

ONLY) 

BELLOWS 

COMPRESSED 

PRESSURE 

SENSING 
CHAMBER 

HIGH PRESSURE AIR (85 P.S.I.G.) 

WING TANK PRESSURIZING AIR AT 25 P.S.I.A. 
EUTRACt FROn 7ni'3<»IT-l 

ABSOLUTE AIR PRESSURE REGULATOR SCHEMATIC 





2 AIR AT ATMOSPHERIC PRESSURE 

2 TANK PRESSURE AIR IN EXCESS OF 25 P.S.I.A. ("RELIEF 
VALVE OPENS AT 26 - 27 P.S.I.A.) 

ABSOLUTE AIR PRESSURE RELIEF VALVE SCHEMATIC 



CONTROLLED C. OF G. 
SOLENOID OPERATED 

ESCAPE PORT 

FLOAT COUNTER 
BALANCE WEIGHT GIMBAL FLOAT PIVOT CHECK VALVE 

HOLLOW SPINDLE 
PISTON SHAFT TRANSFER FUEL 

TO FLOW 
PROPORTIONER 

MAIN VALVE 
TANK 

BOTTOM 

MAIN VALVE 
RETURN SPRING 

REFUELLING CHECK 
VALVE 

PILOT PORT 

CI05-L0-107-1 

FUEL/NO AIR VALVE (ARROW) 

SECRET 



PRIMARY PORT 
CHECK VALVE 
CLOSED 

SECONDARY PORT 
CHECK VALVE 

SWITCH ASSEMBLY 
ACTUATED OPEN 

SECONDARY 

PISTON OPEN 

FUEL AT TANK 
PRESSURE 

FUEL AT REDUCED 
PRESSURE 

TWO WAY SHUT-OFF VALVE - REVERSE 
FLOW SCHEMATIC 



OVERRIDE SENSING VALVE 

DURING NORMAL OPERATION, THE SOLENOIDS ARE ENERGIZED WHEN THE 

TRANSFER PUMP IS SWITCHED ON, AND THE SOLENOID VALVES CLOSE OFF 

THE PRIMARY AND SECONDARY SERVO LINES TO THE LEVEL SENSING VALVE, 

AND OPEN THE PRIMARY AND SECONDARY SERVO LINES FROM THE BY-PASS AND 

REFUELLING SHUT-OFF VALVE. THE OUTLET PRESSURE OF 25 P.S.I.A. IS INSUFFI- 

CIENT TO CONTRACT THE BELLOWS, SO THE BELLOWS OPERATED VALVE REMAINS 

CLOSED. THIS BLANKS OFF THE PRIMARY SERVO LINE AND TRAPS FUEL IN THE 

PRIMARY CHAMBER OF THE BY-PASS AND SHUT-OFF VALVE WHICH PREVENTS 

THE VALVE FROM OPENING AND FEEDING FUEL BACK TO THE TANK. 

REGULATOR FAILED OPEN 

IF THE REGULATOR FAILS, IT FAILS IN THE OPEN POSITION AND THE FUEL OUT- 

LET PRESSURE RISES. AT 28 P.S.I.A., THE PRESSURE BEGINS TO OPEN THE BELLOWS 

VALVE AND AT 30 P.S.I.A. IT IS FULLY OPEN. THIS ALLOWS THE FUEL TRAPPED 

IN THE PRIMARY CHAMBER OF THE BY-PASS AND SHUT-OFF VALVE TO DISSIPATE, 

AND THE VALVE TO OPEN AND BY-PASS EXCESS FUEL BACK TO THE TANK. 

REFUELLING 

DURING REFUELLING, THE TWO SOLENOID VALVES ARE DE-ENERGIZED. THIS 

OPENS THE PRIMARY AND SECONDARY SERVO LINES TO THE LEVEL SENSING 

VALVE, AND CLOSES THEM TO THE OVERRIDE SENSING VALVE. THE LEVEL 

SENSING VALVE AND THE BY-PASS AND SHUT-OFF VALVE NOW CONTROL 

REFUELLING. SEE PARA. 74 

FUEL AT 25-28 P.S.I. FUEL IN EXCESS OF 28-30 P.S.I. FUEL AT REDUCED PRESSURE REFUELLING SERVO LINES AT REDUCED PRESSURI 

BY-PASS OVERRIDE SCHEMATICS 



PRIMARY PORT CHECK VAlVl 

DESCRIPTION 

WHEN THE TRANSFER PUMP IS INOPERATIVE, PRESSURE AT THE VALVE INLET 1$ 
BELOW TANK PRESSURE, THIS REDUCED INLET PRESSURE IS FELT WITHIN THI 

PRIMARY AND SECONDARY PISTON CHAMBERS AND CLOSES THE CHECK VALVES, 
PRESSURE AT THE VALVE OUTLET NOW OPENS THE SECONDARY PISTON, ALLOW- 
ING THE PRESSURE TO OPEN THE PRIMARY PISTON, AND THE BY-PASS FLOW 
TO COMMENCE. 

THE PRIMARY PISTON IS MAINTAINED IN THE OPEN POSITION BECAUSE OF THI 
DIFFERENCE IN PRESSURE BETWEEN THE FUEL ACTING ON THE FACE OF THE PISTON, 
AND THE FUEL AT THE INLET. 

THE BLEED LINE VENTURI IS FITTED IN THE PRIMARY BLEED LINE TO ENSURE 

QUICK OPENING OF THE VALVE DURING OVERRIDE OF THE FUEL PRESSURE 
REGULATOR (SEE FIG. 16). THE PRESSURE IN THE PISTON CHAMBERS IS DER- 

IVED FROM THE THROAT OF THE VENTURI- THIS REDUCES THE PRESSURE IN 

THE PISTON CHAMBERS TO BELOW INLET PRESSURE.    

FUEL AT FUSELAGE .ffcjwa FUEl AT RK>UCEO 
TANK PRESSURE PRESSURE 

BY-PASS FLOW THROUGH THE BY-PASS 
AND REFUELLING SHUT-OFF VALVE 



PISTON 

PISTON CHAMBER 

BLEED PORT 

CHECK VALVE 

RETURN SPRING 

WNSTREAM 

PRESSURE SENSING 

BLEED PORT 

BELLOWS 

OPERATED VALVE 

BELLOWS 

CHECK VALVE PISTON SPRING 

PISTON BLEED PORT PISTON CHAMBER 

DESCRIPTION 

FUEL DELIVERED BY THE TRANSFER PUMP OPENS THE PISTON AND CHECK VALVE 

AGAINST THE RETURN SPRINGS. THE FUEL THEN FLOWS PAST THE PISTON TO THE 

FLOW PROPORTIONER, AND ALSO PAST THE CHECK VALVE THROUGH THE BLEED 

PORT INTO THE PISTON CHAMBER. 

OUTLET PRESSURE IS SENSED IN THE BELLOWS CHAMBER, AND WHEN THE PRESSURE 

RISES TO 25 P.S.I.A., THE BELLOWS START TO COLLAPSE AND CLOSE THE BELLOWS 

OPERATED VALVE. THE VALVE FULLY CLOSES AT 27 P.S.I.A. 

THE BELLOWS OPERATED VALVE RESTRICTS THE BLEED FLOW FROM THE PISTON 

CHAMBER, AND THE RESULTANT BACK PRESSURE, ASSISTED BY THE RETURN SPRING 

MOVES THE PISTON TOWARDS ITS SEATING TO RESTRICT FUEL DELIVERY AND MAIN- 

TAIN THE OUTLET PRESSURE AT 25-27 P.S.I.A. 

THE CHECK VALVE PREVENTS REVERSE FLOW SHOULD THE INLET PRESSURE FALL 

BELOW THE OUTLET PRESSURE. 

mmamm FUEL AT TRANSFER PUMP DELIVERY PRESSURE 

FUEL AT 25-27 P.S.I.A. 

PRESSURE VARYING BETWEEN 25 P.S.I. AND 

INLET PRESSURE DEPENDING UPON PISTON 

POSITION 

7MI-34-I9-I BLACK 

FUEL PRESSURE REGULATOR SCHEMATIC 



WIDTH OF CHAMBERS 

IN PROPORTION TO TANK CAPACITIES 

INLET FROM PRESSURE 
^REFUELLING ADAPTOR 

V DURING REFUELLING 

^ OUTLET FROM COMMON 
V COLLECTION CHAMBER 

TO COLLECTOR TANK 
DURING TRANSFER 

DIAGRAM OF COMPLETE 

FLOW PROPORTIONER 

LINER 

\ 
ROTATION 

1 METERING VANE 
ROTATED BY 

PRESSURE OF FUEL 

METERING VANE 

ROTOR HOUSING 

ELECTRICALLY 
OPERATED 

BY-PASS 
'CLOSED' 

COMMON 
COLLECTION 

CHAMBER 

NORMAL TRANSFER 
EMERGENCY TRANSFER 

ELECTRICALLY 

BY-PASS 
OPEN' 

OUTLET 
COLLECTOR TANK 

ELECTRICALLY 
OPERATED 
BY-PASS 
'CLOSED' 

PARTIAL REFUELLING 

VANE 
ROTATED BY 

PRESSURE OF FUEL 

ELECTRICALLY OPERATED 
BY-PASS ‘OPEN’ 

INLET FROM PRESSURE 
REFUELLING ADAPTOR 

FULL REFUELLING 

CROSS SECTION DIAGRAMS TYPICAL FOR EACH CHAMBER 

FUEL UNDER PRESSURE 
RESIDUAL FUEL AT METERING VANE INLET 

C-I05-LD-83-I 

FUEL FLOW - PROPORTIONER UNIT 

SECRET 



BELLOWS OPERATED POPPET OPEN 

BELLOWS OPERATED POPPET CLOSED 

AIR ADMISSION DURING INVERTED FLIGHT CONDITIONS 

BELLOWS OPERATED POPPET CLOSED 

LIR RELEASE SUSPENDED WHEN COLLECTOR TANK PRESSURE IS 

BELOW NORMAL   

NOTE 

FUEL 

AIR PRESSURE BELOW 11 P S I. ABSOLUTE 

AIR PRESSURE 11 TO 13 P.S.I. ABSOLUTE 

AIR PRESSURE 13 TO 25 P.^.l. ABSOLUTE 

AIR PRESSURE 25 P.S.I. ABSOLUTE 

BELLOWS OPERATED POPPET CLOSES WHEN 

COLLECTOR TANK PRESSURE DROPS TO 13 P.S.I.A 

AND RE-OPENS WHEN PRESSURE RISES TO 

14 P.S.I.A. 

AIR RELEASE FROM COLLECTOR TANK 

LOW LEVEL AIR ADMISSION 

NORMAL 

BELLOWS OPERATED POPPET OPEN 

COLLECTOR TANK - AIR ADMISSION AND AIR RELEASE DIAGRAMS 

r 



LAYOUT OF ENGINE FEED COMPONENTS 



REFUELLING ACCESS DOOR AND MANUALLY OPERATED GATE VALVE 



REFUELLING AND TEST PANEL 



REFUELLING PANEL IN WHEEL BAY 



SECONDARY FLOAT 

SECONDARY VALVE 

CLOSED 

SOtENOID OPERATED VALVt 

PE ENERGIZED-CLOSED 

ITCH ASSEMBLY VX v 

4TACT MADE 

PRE-CHECKING OR PARTIAL REFUELLING 

CHECK VALVE OPEN 

REFUELLING SHUT-OFF VALVE 

BLEED PASSAGES 

PRIMARY FLOAT- 

TYPE 1 LEVEL SENSING VALVE ' 

PRIMARY VALVE OPEN- 

TANK RECEIVING FUEL DURING REFUELLING 

TANK FULL 

mn FUEL IN TANK mmmm FUEL AT INLET PRESSURE maimm FUEL AT REDUCED PRESSURE 

OPERATION OF REFUELLING SHUT-OFF VALVES AND TYPE 1 LEVEL SENSING VALVES 



PRIMARY PRIMARY SECONDARY SECONDARY 
VALVE FLOAT FLOAT SERVO LINE 

CLOSED DURING PRE-CHECKING 
AND PARTIAL RE-FUELLING 

FUEL AT   FUEL AT 
INLET PRESSURE REDUCED PRESSURE 

TYPE 2 LEVEL SENSING VALVE SCHEMATIC 




