2Y2THMATA AEPOZKAOQON
TO YNOZYZTHMA KAYZIMOY



EI2ATQIH

TO 2Y2THMA KAY2IMOY
ENITPENEI 2TO AEPONAANO

NA @OPTQOEI ME KAYZIMO,
NA TO ANMMOOHKEY2EI,
NA TO AIAXEIPIZTEI KAI, TEAOZ,

NA TO [NAPAAQ2EI 2TO
MPOQOHTIKO 2Y2THMA 2THN
2Q02TH KATA2TAZH ME THN
ANMAITOYMENH NAPOXH.

* TA ZYITHMATA KAYZIMOY AIAOEPOYN ZHMANTIKA AIMO

AEPOTMAANO ZE AEPONAANO. O KYPIOZ NMAPAIONTAZ MNOY
ENHPEAZEI THN AOMH TOY YZTHMATOZ KAYZIMOY EINAI
TO MEFEOOZ TOY OXHMATOz KAI TA MEFEOH THZ NMAPOXHz
KAYZIMOY NOY KAGOPIZONTAI AMO AYTO TO FEFTONOZ.
2THN MIO ANAH NEPINTQZH, TO ZYZTHMA KAYZIMOY
EKMETTAAEYETAI ANAQZz THN BAPYTHTA KAI THN
ANAPAITHTH ZQOAHNQ2zH NOY OA TO 2YNAEEI ME TON
KINHTHPA.

* XTA ZYITXPONA AEPONAANA (MOAYKINHTHPIA EMIBATHIA Ry

®OPTHIA, TO ZYZTHMA KAYZINOY. ZYNHOQZ, ANOTEAEITAI
ANO MIA OMAAA AEEAMENQN (TONOOETHMENEZ 2TIZ
MTEPYFEZ KAl THN ATPAKTO). H KAGE AEEAMENH EINAI
EZONAIZMENH ME ANTAIA KAI BAABIAEZ MOY ENITPENOYN
THN TPOD®OAOZIA TON KINHTHPQN MEZQ THZ KATAAAHAHZ
ZOAHNQZHZ. ENINAEON, TO 2YZTHMA AYTO ENITPENEI TON
ANEDOAIAZMO TQN AEZAMENQN AMO ENITEIEZ
ErKATAZTAZEIZ ‘n INTAMENA AEPONMAANA METAQOPAZ
KAYZIMOY. TEAOZ, TO ZY2THMA AYTO ZYNAEETAI KAl ME TO
2YZTHMA EAENXOY NTHZHZ MNA NA PYOMIZEI TYXON
METABOAEZ TOY KENTPO BAPOYZ TOY AEPOMNAANOY.



12TOPIKA

2TAAIAKA

H acbtﬁn Twv aeplootpofilwv Edepe oto npocxnvmo
KWWNTAPEG KE TIOAU HEYOAUTEPN KATOVAAWON KOWUGIHOU

APXIKA
* 2TI2 ANAPXEZ2 THZ AEPOMNOPIAZ TA

2YZTHMATA KAYZIMOY lA TA NPQTA
AEPOMNAANA HZAN E=AIPETIKA AMAA.

H TPO®OAOZIA TOY KAYZIMOY
2THPIZOTAN 2THN BAPYTHTA AN KAI Ol
MO EZEAITMENOI KINHTHPE2
XPHZIMOIMNOIOYZAN ANTAIEZ
NMPO2ZAEMENEzZ 2TO IKPIQOMA TOY
KINHTHPA. Ol AEEAMENE2 H2ZAN
AMNAHZ APXITEKTONIKHZ KAI Ol AEIKTE2
A TO NEPIEXOMENO zE KAY2IMO
XPHZIMOIMOIOYZAN AIATAZEIZ OAOTEP

OTIOU TOUG Iponyoupevoug eppolodopouc: Ta npwta
oeplwBolpeva gixov MOAL pIKPOTEPN aKTiva §paonc.
Endaviotnke n avaykn yLo UTTOGUCTH LT TLOLPOXNAG

KO oipou MoAU peyaAtepng akpifelag nov Oa
HItopovoav va SwWoouV oTov MILAGTO JLa TToAU KaAUTEPN
€vOeLen yLa TO UTTOAOLITO KAWUGLHOU HECOL OTLG
de€apeveg, wote va e§aodaliotel Kot n achaAig
enotpodn o€ aepoSPOHLO UTTOSOXNAG.

* EruumA€ov, n HEYAAUTEPN KOTAVAAWGCH TWV

oEPLOOTPORBiAwWV amALtoUCE TRV GUUTLEDN TOU
KOLWUOLMOU OTLG SEEAMEVEC YL VA TIPOCAPLOOTEL
KotdAAnAa n mapoxn npog tov OdAapo kavong,
anodelyovtag pawvopeva cnnlaiwong otnv pon
Kooipou péoa otoug cwAnveg tpododooiac i to
akatpo oBUcL0 TG PAOYAC..



MEGOAOI TPODOAOZIAZ KAY2ZIMOY

TPOOMOAOZIA ME BAPYTIKH TPOMPOAOZIA ME MHXANIKH
YNOBOHOHZzH YNOBOHOHZH-ANTAHZH

Carburetor I Engine-driven pump

Electric pump

Vent

Selector valve

Carburetor e 3 »




Ol EZEAIZEI2

H ANATKH KATAMETPHZHZ TOY
KAYZIMOY

Ol MPOZOETEZ AEZAMENE2

« MIA MPOZOETH EZEAIZH TMPOHAOGE AMO THN

ANATKH KAAYWH2 TQN METAAQN
KATANANQZEQN ZE KAYZIMA NMOY OAHIHZE
2THN MNPOzZOHKH MPOZOETQON AE=AMENQN
KAYZIMOY KATQ AMO TIz KYPIEZ NTEPYFEZ n
KATQ AMO THN KOIAIA THZ ATPAKTOY. Ol
AEZAMENEZ AYTEX NEPIENAEZAN THN OAH
TPODOAOZIA KAYZIMOY ME THN ANAIKH
2YMNIEZHZ TOY EZQTEPIKOY TQN AEZAMENQN
NMA THN METADOOPA TOY KAYIIMOY AMO TIz
EZQTEPIKEZ AEZAMENEZ ZE AYTEZ MEZA ITHN
KYPIA. AOMH TOY AEPOMNAANOY. H E=EAIZH
AYTH OAHIHZE XTHN ANATKH TIA NEEZ BAABIAEZ
MOY EAEMXOYN TO ENINEAO THZz MNIEzZHZ :2TIZ
AEEAMENEZ TIA THN AMNOOMYIH TYXON
AZTOXIQN NOTQ YNEPOOPTIZHZ TQN
TOIXQMATQN 2TI2 AEEAMENE2

* 020

METAAQONE H  KATANAAQ:ZH TQN
KINHTHPQN AY=HOHKE ANAAOTA KAl H ANATKH
AKPIBOY2 METPHZH2 TOY AIAOEZIMOY
KAYZIMOY 2TI2 AEEAMENEZ TOY AEPOINAANOY.
Ol IXETIKOI AIZOHTHPEZ XYNHOQZ EINAI TYNOY
«METPH2HZ TH2 HAEKTPIKHZ XQPHTIKOTHTAZ»
KAl TO TPEXON STANDARD AKPIBEIAZ EINAI THZ
TA=HZ TOY 1 ME 2%.

H OAH METPH2H ANAITEI KAMNOY 30 ME 40
AIZOHTHPEZ KATANEMHMENOY2 2E OAEZ TI2
AEZAMENEZ. Ol ENAEIZEIZ TQN AIZOHTHPQN
XPEIAZONTAI AIOPOQZEIZ AOIQ TH2
OEPMOKPAZIAZ KAl THX MNMYKNOTHTAZ TOY
KAYZIMOY KAI TA TO YWO2 MNTH2HZ 020 KAl
THN TEQMETPIA TQON AEZAMENQN.



H TPOOOAOZIA TQON AEPONAANQN 2E MNTHZH

Handley Page W 10 tanker refueIIiniSLr I-I\1Iar(|jCobI'l|1am’s .Oi(irs ﬁed‘ﬁourier
ad the draughty task of handling

TA AEPO”AANA — AEEAMENEZ in October 1934. S/Ldr W. Helmore

the fuel hose (Flight Refuelling Ltd)
e H ENANATPO®OAOTHZH (REFUELLING) TQN

AEPONAANQN 3E NTHZH ANO AANA
AEPONMAANA - METAD®OPAX KAYIIMOY
EINAI APKETA NMAAAIA. H XPHZH TETOIQN
AEPONMAANQN - ®OOPTHIQN EMETPEWE ZE
MAXHTIKA AEPONAANA NA NAPAMENOYN
2E NTHZH TA NOAY METAAYTEPO XPONIKO
AIAZTHMA, AEITOYPIQNTAZ2 2AN
«MOAANANANAZIAZTEZ IZXYO2».

* H MEOOAOZ AYTH ENITPENEI KAl THN MO
ENTONH AOKIMH AEPOMNAANQN 2THN
®AZH THI ANANTY=HI, ONQxz TIA
NAPAAEITMA 2THN MEPINTQZH TQON
NMPOrPAMMATQN ANANTY=zH2 TON
AMEPIKANIKQN B-2, YF-22A KAl YF-23A.




TA KYPIA XAPAKTHPH2TIKA TQN 2Y2THMATQN
KAY2IMOY

KATA KYPIO AOTO, TO 2Y2THMA KAYZIMQN ENOZ AEPONAANOY AMOZKONEI £TO NA FNEI MIA EMNIZTH
MNAPOXH THZ KATAAAHAHZ MOXOTHTAZ KAYZIMOY NOY EXEI ANATKH O KINHTHPAZ T1A NA AEITOYPTHZEI ONQZ
ANAITOYN Ol ZYNOHKEZ NTHzZHZ. XQPIZ AYTH THN MAPOXH O KINHTHPAX AEN MMOPEI NA ANTANOKPIGEI 2TIZ
TPEXOYZEZ ANATKEZ., AHAAAH NA YNOZTHPIZEI THN NTHzZH TOY OXHMATOz. ME AAAA NOTIA TO 2Y2THMA
KAYZIMOY EINAI'ENA AMO TA NMIO THMANTIKA YNOZYZTHMATA TOY AEPOMNMAANOY.

TA ZYTXPONA AEPOMAANA XPHZIMOMOIOYN (EN FENEI) KAYZIMA THE MOP®HZ MEITMATOZ
YAPOrONANOPAKQN, MEPINOY MAPOMOIAZ AOMHZ ME TA ANTIZTOIXA KAYZIMA TQN AYTOKINHTQN.

Ol EMBOAO®OPOI KINHTHPEZ TQN AEPOMAANQN XPHZIMOMOIOYN KAYZIMA YWHAOY APIOMOY OKTANIQN
(TNQSTA AN AVGAS 3THN AEPOMOPIKH OPOAOTIA). Ol AEPIOZTPOBIAOI XPHZIMOMOIOYN ENA KAMNQZ
«BAPYTEPO MEITMA» ME EYPYTEPO MDAZMA OEPMOKPAZIQN AIYAHZHE KAl MIKPOTEPO SHMEIO FLASH. TA
KAYZIMA AYTA (2YNHOQZ) AOKANOYNTAI AVTAG KAI AVTUR. H EIAIKH MYKNOTHTA TON AEPOMOPIKQN
KAYZIMQN EINAI THZ TAZHE TOY 0.8. Q% EK TOYTOY, H MOZOTHTA TOY KAYZIMOY MMOPEI NA METPHOEI 3E
MONAAEZ OTKOY (TAAAONIA fj AITPA) fy BAPOYZ (MAZAZ) (AIMMPES 1 KIAA). H MYKNOTHTA, OMQ3, TQN
KAYZIMQN AYTQN EINAI 3YNAPTHEZH THZ OEPMOKPAZIAZ, ONOTE Ol ENAEIZEIZ OTKOY MPEMEI NA
AIOPOQNONTAI KATAAAHAA. EN FENEI, ENA FTAAAONI KAYZIMOY EMMEPIEXEI 8 AIMMPES KAYZIMOY (10
AIMMPEZ NEPOY). MIA AIMMPA ANTIZTOIXEI 2E 453 TPAMMAPIA.



TO XPQMA TOY KAY2IMOY

« TA KAYZIMA TQN AEPOMAANQN
XAPAKTHPIZONTAI AMTO TO XPQMA AMOAYBAH
TOYZ, ONQZ AMEIKONIZETAI XTO
AINMAANO IXHMA f j

TA KAYZIMA AVGAS XAPAKTHPIZONTAI
ONOMAZTIKA ME AEYKA TPAMMATA zE KOKKINO

YNOBAOPO . TA KAYZIMA TQN AEPIOZTPOBIAQN, COLORLESS
RED GREEN BLUE
ANTIZTOIXA, XPHZIMOMNOIOYN AEYKA TPAMMATA OR STRAW
2E MAYPO YNOBAOPO.
AVGAS AVGAS AVGAS JETA
80 100 100LL
- J

TA KAYZIMA TQN AEPIOZTPOBINQN ONOMAZONTAI JET A, JET A-1, KAI JET B. TA KAYZIMA AYTA
EINAI TPOMOMOIHMENH KHPOZINH (BAZH TOY KAYZIMOY NTHZEA TQN AYTOKINHTQN)




TAYINO2Y2THMATA KAY2IMOY

TA BAZIKA YNOZYZTHMATA TOY OAOY ZYZTHMATOZ AIAXEIPIZHZ TOY KAYZIMOY ZE'ENA
AEPONAANO ANAPTIZETAI AMMO OAA (R MEPOZ AYTQN) TA NAPAKATQ :

ZYMNIEZH KAYZIMOY (Fuel pressurization)

TPOMOOAOZIA KAYZIMOY (Engine feed)

META®DOPA KAYZIMOY (Fuel transfer)

ENANA®OPA KAYZIMOY (Refuel/defuel)

ANAIQrH ATMQN (Vent systems)

XPHZH KAYZIMOY Q2 OEPMIKH KATABOOPA (Use of fuel as heat sink)

AMNOPPIWHZ KAYZIMOY (Fuel jettison)

POPTQ2H KAYZIMOY EN NTHZEI (In-flight refuelling)



* TA MIKPA

TYNIKE2Z AOME2
MIKPA EMIBATHI'A AEPOINAANA

AEPOITAANA IHOY
XPHXIMOITIOYN BENZINOMHXANEX

2YNHOQYX EXOYN MIA MONO
AEEAMENH.
XTA NEQTEPA AEPOITAANA

TOIHHOOETOYNTAI AYO AEEAMENEZY,
MIA XE KAOE IITEPYIA. H AIATAEH
TQN AYO AE=EAMENQN YXHMAINEI

11100 IHOAYTIAOKO XYXTHMA
KAYXIMOY , ME IIEPIXXOTEPA
EEAPTHMATA I'TA NA

EEAYXQPAAIZETAI H AEOYXA MAPOXH
IMPOX TON KINHTHPA. ENIZXYTIKEX
ANTAIEX AEN TOIIOOETOYNTAI XE
OAA TA AEPOITAANA, AAAA XITOYPA
OA YITAPXEI TPO®OAOTIKH ANTTA.

* TO KAYZIMO METAQEPETAI MEzZQ THZ

2OANHNQZHX KAYZIMOY T[MMPOZ THN BAABIAA
EMNIAOTHZ KAYZIMOY ( fuel selector valve).

H BAABIAA AYTH EXEI AIAQOPOYZ
AEITOYPTIKOYZ ZKOMOYZ KAI AIAGETEI EMIAOIEZ
0onQz «APIZTEPA», «AEZIA», " AM®OTEPEZ» KAI
«EKTOZ AEITOYPrIAZ» (Left, Right, Both and Off
selections) . Ol AYO NPQTEX ENINOTEZ
ENITPENOYN METAOOPA AMNO TIZ AYO
ANTIZTOIXEXZ AEEAMENEZ ENQ H TPITH KAI ANO
TIZ AYO. H TEAEYTAIA ANAOEPETAI XE EKTOZ
AEITOYPIIAZ KATAZTAZH. ME TIz AYO MNMPQTEZ O
NINOTOZ PYOMIZEI KAI THN AIAMHKH
IZOPPOIMNIA TOY AEPOINMAANOY. H TEAEYTAIA
XPHZIMOMNOIEITAI XTO NA ANAKONTEI THN
TPODOAOZIA :E MNEPINTQIH NYPKAIAI. ZE
MEPIKA AEPONMAANA H TEAEYTAIA AEITOYPIIA
YAONOIEITAI ANO ZEXQPIZTH BAABIAA.



* Adding a second engine to an
aircraft, by necessity, increases the
complexity of the fuel system and
its management. Additional
features normally found in small
multi-engine aircraft include in-
tank fuel pumps, a more robust
fuel quantity indicating system and
the provision for fuel "crossfeed".
Refueling is still normall\é
gccpmplished on a tank by tank
asis.

* Crossfeed allows for fuel from one

wing tank to be burned by the
engine on the other wing. In some
cases, the fuel is routed directly
from the tank to the engine while
in others, it is transfered from one
wing tank to the opposite wing
tank before feeding to the engine.
The crossfeed provision allows the
pilot to use all of the fuel on board
and to maintain lateral balance
limitations in the event that a
failure results in single engine
operations.



* Increasing the size and complexity of an * Enhancements to the fuel system commonly
aircraft will normally result in corresponding found on aircraft of this category include:
changes to the fuel system. These changes are
likely to include more system automation,

more fuel tanks, specific Aircraft Flight « single point refueling/defueling - the
Manual (AFM) requirements with respect to refuelling hose is connected to a single point
fuel distribution in flight and the sequence in on the aircraft, usually located underwing or
which the tanks are to be filled on the ground somewhere on the fuselage and all tanks are
or their contents used in flight, a reliable fuelled or defuelled by means of a manifold
system indication and alerting system, connecting to all tanks

provisions for "single point" refuelling and

defuelling and, in [arger aircraft, provision for ~ * fuel pump redundancy - multiple fuel pumps
fuel dumping and/or for centre of gravit in each tank to ensure fuel is accessible in the

optimisation through fuel movement in ¥Iight. event of a single pump failure
* robust fuel management, indicating and

warning systems - depending upon the
aircraft, these can include:



fuel quantity by tank

total fuel quantity remaining

fuel used

estimated fuel remaining at intended destination
fuel temperature by tank

automatic selection of most appropriate fuel tank
dependant upon phase of flight

automatic fuel transfer

warnings and cautions for items such as:
low fuel quantity

low fuel pressure

fuel pump failure

low fuel temperature

provision of fuel tanks in the outer portion of the
wings to reduce wing bending. The fuel in these
tanks is generally not burned until late in the flight

provision in the fuel system to supply an Auxiliary
Power Unit (APU) (APU)

automated inflight transfer of fuel from the wing
tanks to trim tanks in the horizontal stabiliser.
Moving the fuel to the trim tank optimizes the
centre of gravity and reduces the fuel burn

fuel dumping provisions. In the event of an
unexpectedly early landing, excess fuel can be
dumped to reduce the aircraft landing weight to or
towards the permitted MLW



There are a number of fuel related threats to safe aircraft operation. In addition to those described in the Fuel
Management article, there are several threats related to the misuse or to the malfunction of an aircraft fuel system that
must also be considered. These include:

Fuel Leak - Fuel can leak at the engine, from the tank or anywhere in between due to fuel tank or fuel line rupture.

Fuel Imbalance - Fuel imbalance can occur as a result of improper refueling techniques, poor fuel management, engine
failure or fuel leak.

Mechanical failure of a fuel pump.

Fuel Freezing - In gas turbine powered jet aircraft flown at high altitude for long periods, fuel temperature can be a critical
factor. Minimum allowable fuel temperatures are less likely to be a factor on the operation of turboprop aircraft. The
temperature at which fuel freezes will depend on the prevailing pressure and on the type and specification of fuel carried.
In GA aircraft, Piston Engine Induction Icing or carburettor icing is the most common form of fuel freezing.

Electrical failure - may limit the availability of fuel pumps and fuel system indications

Fuel dumping causes two main concerns:

Fuel dissipation - in order for the fuel to dissipate in the air (and thus mitigate pollution on the ground) ICAO Doc 4444
(PANS-ATM) states that the level used should not be less than 6000 ft.

Fuel ingestion - in order to prevent other aircraft from ingesting the fuel being dumped, the following separation minima
apply:

10 NM horizontally, but not behind the aircraft dumping fuel

at least 1000 ft above or 3000 ft below for aircraft that are within 15 minutes or 50 NM behind the aircraft dumping fu



Effects
A fuel leak from an engine can often be resolved by shutting down the affected engine. A tank leak due to a

rupture in the tank will result in the loss of some or all of the fuel in that tank. If a fuel line is ruptured, it could
result in some fuel being unuseable.

An uncorrected fuel imbalance can lead to difficulty in controlling the aircraft.

A pump failure could result in the inability to use the fuel in the affected tank. This may be mitigated by a
second (or even a third) pump in the same tank.

Fuel freezing can lead to loss of power due to fuel starvation and potentially can result in engine failure.

In the event of electrical failure, some, or potentially all, fuel tank boost pumps will be lost. In most aircraft,
gravity fuel feeding is only posible from some of the fuel tanks. Descent may be required to comply with the
maximum allowable fuel gravity feed altitude. Diversion may be required due to unusable fuel.



Ol ANTAIE2 KAY2IMOY

ANTAIEZ METADOPAZ KAYZIMOY

Ol ANTAIEZ AYTEZ METAMEPOYN KAYZIMO METAZY TON
AEEAMENQN, EEAZ(DAAIZONTAZ THN OMAAH ZYNEXH
TPOO®OAOZIA TQN KINHTHPQN.

ZTA MAXHTIKA AEPOINMAANA YOIZTATAI MIA KENTPIKH
AEEAMENH-TPO®OAOTHZ NOY XTEANEI TO KAYZIMO
ZTON KINHTHPA.AYTEZ AEITOYPIOYN ENIZHZ ZAN
MHXANIZMOI EAEMXOY THX NTHZHZ, EZEAZMANIZONTAZ
TIZ KATAAAHAEZ :YNOHKEZ ZYTO2TAOMIZHZ., 1AIQZ ZE
AEPOINAANA NEPIOPIZMENHZ EYZTAOGEIAZ,
EMHPEAZONTAZ THN OEZH TOY KENTPOY BAPOYz.

H MEGOAOZ AYTH XPHZIMOMOIEITAI KAl ZE ENIBATHIA
AEPOMAANA, OOz TO AIRBUS 340 NOY XPHZIMONMOIEI
TO MIZQ OPIZONTIO 2Y2THMA NTEPYTIQN 2AN
AEZAMENEZ KAY2IMOY A TON IAIO 2KOMNO. H TEXNIKH
AYTH YNATETAI £E KANONIZMOYZ FAA/JA, NOY
ANAITOYN ENA ANE=APTHTO YNOZYZTHMA ANTAIQN
METAQOPAZ. NAPOMOIO ZYZTHMA EIXE
TONOGETHOEI 2TO NAAAIO AEPOINAANO Vickers VC10.
MNA NOTOYz AZDAAEIAZ, TA AEPONNAANA AIAGETOYN
AINAA R NOAAANAA NAPAANHAA YINIOZYZTHMATA
METADOPAZ KAYZIMOY.




eeeeeen 2 YNEXEIA

ENIZXYTIKES ANTAIES KAYZIMOY (Fuel booster
pumps)

Fuel booster pumps, sometimes called engine feed
pumps, are used to boost the fuel flow from the
aircraft fuel system to the engine. One of the
reasons for this is to prevent aeration ﬁi.e. air in the
fuel lines that could cause an engine ‘flame-out’
with consequent loss of power). Another reason in
the case of military aircraft is to prevent ‘cavitation’
at high altitudes. Cavitation is a process in which
the combination of hi%h altitude, relatively high
fuel temperature and high engine demand produce
a set of circumstances where the fuel is inclined to
vaporize. Vaporization is a result of the
combination of low fuel vapour pressure and high
temperature. The effect is drastically to reduce the
flow of fuel to the engine which can cause a flame-
out in the same way as aeration (as may be caused
by air in the fuel).

The electrically-driven auxiliary pump is controlled by a
switch in the flight deck.

* Booster pumps are usually electrically driven; for

smaller aircraft such as the Jet Provost and the
Harrier the pump is driven from the aircraft 28 VDC
system with delivery pressures in the range 10-15
BSi and flow rates up to 2.5 kg/sec of fuel. The

ooster pumps of larger, high-performance aircraft
with higher fuel consumption are powered by
three-phase AC motors; in the case of Tornado
delivering 5 kg/sec. Booster pumps are cooled and
lubricated by the fuel in which they are located in a
similar way to transfer pumps, and may be
specified to run for several hours in a ‘dry’
environment.

Fuel pumps can also be hydraulically driven or, in
certain cases, ram air turbine driven, such as the
VC10 tanker in-flight re-fuelling pump. The
example of a booster pump shown in Fig. 3.4 is the
double-ended pump used in the Tornado to
provide uninterrupted fuel supply during normal
and inverted flight/negative-g manoeuvres.



Tornado double-ended booster pump (BAE
SYSTEMS)




Fuel transfer valves

A variete/ of fuel valves will typically be utilized in an aircraft fuel system.
Shut-off valves perform the obvious function of shuttin§ off fuel flow
when required. This might involve stemming the flow of fuel to an engine,
or it may involve the prevention of fuel transfer from one tank to another.
RefueI/JefueI valves are used during aircraft fuel replenishment to allow
flow from the refuelling Ealler to the fuel tanks. These valves will be
controlled so that they shut off once the desired fuel load has been taken
on board. Similarly, durinﬁ defuelling the valves will be used so that the
load may be reduced to the desired level. Cross-feed valves are used
wf;}en the fuel is required to be fed from one side of the aircraft to the
other.

Fuel dump valves perform the critical function of dumping excess fuel
from the aircraft tanks in an emergency. These valves are critical in
operation in the sense that they are required to operate and dump fuel to
reduce the fuel contents to the required levels during an in-flight
emergency. Conversely, the valves are not required to operate and
inadvertently dump fuel during normal flight.

The majority of the functions described are performed by motorized
valves that are driven from position to position by small electric motors.
Other valves with a discrete on/off function may be switched b
electrically operated solenoids. Figure 3.5 shows an example of a transfer
valve driven by a DC powered rotary actuator. An actuator of this type
may be two-position (90 degrees) or three-position (270 degrees) or
continually modulating over 90 degrees.




Fuel vent valves

* Fuel vent valves are used to vent the
aircraft fuel tanks of air during the
refuelling process; they may also be
used to vent excess fuel from the
tanks in flight.

* An example of such a valve is shown
in Fig. 3.6. This valve permits inward
or outward venting of around 20-25
lb of air per minute during flight
/pressure refuelling as appropriate.
The valve also permits venting of fuel
(in the event of a refuelling valve
failing to shut off) of about 800 Ib/min
or 100 gal/min.

Typical fuel vent valve



Fuel gauging probes

Many of the aircraft functions relating to fuel are concerned
with the measurement of fuel quantity on board the aircraft. For
example, the attainment of a particular fuel level could result in
a number of differing actions depending upon the
circumstances: opening or closing fuel valves or turning on/off
fuel pumps in order to achieve the desired system state.
Quantity measurement is usually accomplished by a number of
probes based upon the principle of fuel capacitance
measurement at various locations throughout the tanks.

Air and fuel have different dielectric values and by measuring
the capacitance of a probe the fuel level may be inferred. These
locations of the fuel probes are carefully chosen such that the
effects of aircraft pitch and roll attitude changes are minimized
as far asquantity measurement is concerned. Additional probes
may cater for differences in fuel density and permittivity when
uplifting fuel at differing airfields around the world as well as for
fuel at different temperatures. Fuel gauging, or fuel quantity
indication systems (FQIS) as they are sometimes known, are
therefore an essential element in providing the flight and
ground crews with adequate information relating to the amount
of fuel contained within the aircraft tanks.



Fuel guantity measurement

Level sensors

Level sensors measure the fuel level in a
particular tank and thereby influence fuel
management system decisions. Level
sensors are used to prevent fuel tank
overfill during refuelling. Level sensors are
also used for the critical low-level sensing
and display function to ensure that fuel
levels do not drop below flight critical levels
where the aircraft has insufficient fuel to
return to a suitable airfield. Level sensors
may be one of a number of types: Float-
operated; optical; ultrasonic; or Zener
diode — two of which are described below.

Float level sensors

Float level sensors act in a similar way to a
domestic toilet cistern connected to the
water supply shut-off valve that is closed as
the float rises. The refuelling valve,
operating in the same way, is a sim‘ole but
effective way of measuring the fuel level
but it has the disadvantage that, having
moving parts, the float arm may stick or
jam.



Zener diode level sensors

By using simple solid state techniques it is possible to
determine fluid levels accurately. The principle is
based ugon a positive temperature coefficient
directly heated Zener diode. The response time when
sensing from air to Iiauid is less than 2 sec (refuellin
valve) and from liquid to air less than 7 sec (low leve
warning). Fluid level may be sensed to an accuracy of
about plus/minus 2 mm and the power required is
around 27 mA per channel at 28 VDC. The sensor
operates in conjunction with an amplifier within a
control unit and can accommodate multi-channel
requirements. A typical fluid sensor of this ty{]pe is
shown in Fig. 3.7. The advantage of this method of
level sensing is accuracy and the fact that there are
no moving parts.
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Solid-state level sensor (Smiths
Industries)

Fuel gauging probes are concentric
cylindrical tubes with a diameter of
about 1 in. Despite experiments with
Elass-fibre robes, metal ones have

een found to be the most reliable for
minimum weight. Plastic, non-
conducting cross-pins maintain the
concentricity of the tubes while
providing the necessary electrical
Insulation. Tank units may be either
internally or externally mounted on
straight or angled flanges, for both rigid
and flexible tanks.



Tank geometry. The optimum number of probes
for a given tank is established by means of
computerized techniques to model the tank and
probe geometry. Each probe may then be
characterized’ to achieve a linear characteristic
of the gauging system. This may be done by
mechanical profiling to account for tank shape
and provide a linear output. This is an expensive
and repetitive manufacturing process which
may be more effectively achieved by using
‘linear’ probes with the correction being
derived in computer software for some of the
more advanced microprocessor driven fuel
gauging systemes.

Examples of fuel probe units
(Smiths Industries)




Permittivity variations. Variations in
the permittivity of the fuel may
adversely affect gauging accuracy.
Reference units may be used to
compensate for the varying
temperature within the fuel. These
may be separate stand-alone units or
mayifbe incorporated into the probe
itself.

Fuel quantity measurement systems

Fuel quantity measurement systems
using capacitance probes of the type
already described may be
implemented in one of two ways.
These relate to the signallin
techniques used to convey the fuel
tank capacitance (and therefore tank
contents) to the fuel indicator or
computer:

e (1) AC system.
e (2) DC system.



