LECTURE 2.5

THEME 2.5: FUEL SYSTEM
2.5.1. INTRODUCTION
All powered aircraft depend for their operation on the continuous flow of uncontaminated fuel under all operating conditions. The weight of the fuel constitutes a good percentage of the total weight of the aircraft. This may range from about 10% of the gross weight of small personal airplanes, to more than 40% of the gross weight for some business jet aircraft used on long overseas flights.

The weight of the fuel requires that the structure be strong enough to carry it in all flight conditions. The fuel tanks must also be located such that the decreasing weight of the fuel will not cause balance problems as the fuel is being used.

There have been more aircraft accidents caused by the improper management of the fuel system than those caused by failures of any other single system. Engine failure may be caused by using all of the fuel in tanks, but engines will also stop if an empty tank is selected when there is fuel in the other tanks.

Contamination in the fuel may clog strainers and shut off the flow of fuel to the engines. Water that condenses in partially filled tanks will stop the engine when it flows into the metering system. Water in turbine-powered aircraft is a special problem, as the more viscous jet fuel will hold water entrained in such tiny particles that it does not easily settle out. When the fuel temperature drops at high altitude, the water may form ice crystals which can freeze on the fuel filters and shut off the flow of fuel to the engine.

As seen before, the purpose of the fuel system is it to store a needed amount of fuel in the tanks and deliver a constant amount of fuel under pressure to one or more engines. In larger long range aircrafts, additional tanks can be installed e.g. in the horizontal stabilizer for center of gravity control.

In general, the fuel system consists of the following subsystems:

· storage system and fuel ventilation

· fuel feed system

· refueling and defueling system

· fuel quantity indication system

· fuel jettison(dump) system

· longitudinal trim(center of gravity control) 
Let's discuss about these subsystems in the following pages.

2.5.2. STORAGE SYSTEM AND FUEL VENTILATION
Fuel Tanks

The fuel that an aeroplane needs is stored in tanks located in the wings, in the fuselage and on larger aircrafts also in the horizontal stabilizer as shown in Figure.
Some types of aircraft have an auxiliary tank installed in front and/or the rear of the center wing tank. For most aircraft, the number of engines determines the number of main tanks present in an aeroplane. In general, an aeroplane with two engines will have two main tanks, an air-plane with three engines will have three main tanks, etc. Each engine is supplied with fuel from its own main tank. The auxiliary power unit is generally supplied with fuel from a main tank. If auxiliary tanks are filled with fuel, the rule generally applies that these should be emptied as quickly as possible by pumping the fuel to the main tanks.
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Figure: Tank Locations

The location, size, shape, and construction of fuel tanks vary with the type and intended use of the aircraft.

Fuel tanks are manufactured from materials that will not react chemically with any aviation fuel and have a number of common features. Usually sumps and drains are provided at the lowest point in the tank, and the top of each tank is vented to the atmosphere. All except the smallest of tanks are fitted with baffles to resist fuel surging caused by changes in the attitude of the aircraft An expansion space is provided in fuel tanks to allow for an increase in fuel volume due to expansion.

Some fuel tanks are equipped with dump valves that make it possible to jettison fuel during flight in order to reduce the weight of the aircraft to its specified landing weight. In aircraft equipped with dump valves, the operating control is located within reach of the pilot, copilot or flight engineer. Dump valves are designed and installed to affort safe, rapid discharge of fuel.

The main tanks are of the integral type. Center wing tanks are usually of the integral type. In some types of aircraft, they are of the bladder type.
Tank Ventilation

The purpose of the ventilation system is to prevent structural damage to the fuel tanks by under-pressure or over-pressure Regulation by JAR/FAR/Part 23 says that each fuel tank must have an expansion space of not less than 2% of the tank capacity, unless the tank vent discharges clear of the aeroplane.

This means that inflow and outflow of air is and always must be possible, when using the fuel; when refueling and defueling.
The ventilation system consists of lines, ports, valves, vent surge tanks and ram air ports.
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Figure: Fuel Ventilation System (RH Side not shown)
Tank Draining

Draining of sediment and fuel residue from the tank is done via a tank drain valve as shown in Figure. It is also necessary to drain tanks because water freezes at temperatures below 0°C. The tank drain valve can be found on the underside of each wing or tank. Since water has a higher density than fuel, it will accumulate at the lowest point of the tank. Therefore, the valves are usually located at the lowest point of the tank. Where drain valves are not placed on the lowest point indirect drain valves are used. To drain water properly from the tank, a vacuum apparatus must therefore be used.
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Figure: Water Drain Valve Location
2.5.3. FUEL FEED SYSTEM
The fuel feed or supply means the fuel that Is transported to the engines and the auxiliary power unit (APU). The feed system includes the following parts:

· fuel pumps 

· check valves 

· fire shut-off valves

· crossfeed system consisting of crossfeed manifolds and crossfeed valves.

Fuel pumps or also called booster pumps are located in every main tank to be able to pump fuel from the tank to the engines under all circumstances. To prevent the return flow of fuel or power from one pump to another, the necessary check valves have been installed in the system. Fuel moves from the tank by means of the fuel pumps, lines and via the fire shut-off valve to the corresponding engine or auxiliary power unit. The fuel is pumped from the auxiliary tanks via transfer pump to the main tanks and from there to the engines.

In the case of full tanks, the fuel from the main tanks must first be consumed before they are re-filled from the auxiliary tanks.
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Figure: Fuel Supply System
Figure shows a typical system layout of a modern jet aircraft.
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Figure: Flight Deck Interfaces

Cross feed System

In principle, each engine is fed from its own tank. If the fuel supply of a main tank to its engine stagnates, opening the crossfeed valves causes the crossfeed system to be put under pressure. Via this system the fuel is transported from another main tank to the engine concerned. A number of crossfeed manifolds and cross-feed valves have been installed for the functioning of this system Of course, systems differ from type to type.
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Figure: Crossfeed System
2.5.4. FUELING AND DEFUELING SYSTEM
A refuel/defuel system controls the flow of fuel into or out of the aircraft. A refuel or defuel is controlled from a refuel control panel often located near the pressure coupling or at the fuselage where operation is convenient. Refuel/defuel couplings provide the interface between the refuel/defuel system and the external fuel source Aircraft with a large tank capacity can have two refuel/defuel hoses connected to it to keep turnaround times as short as possible.

When the aircraft is being refueled, the fueling hose is attached to the refueling coupling. All the necessary manifold valves and tank valves are opened. The valve on the fueling hose is opened and fuel flows into the tanks. When a tank is full, or when it reaches the level preset on the fuel control panel, the valve for that tank shuts off. When all the tanks have the correct amount of fuel in them, the system automatically shuts off. For alternative refueling, overwing fuel ports are provided.

We can say that two different procedures to refuel an aircraft are available: 
· the pressure refuel (automatic or manual) 

· the overwing refuel.

Further, there are two procedures to defuel an aircraft:

· the pressure defuel (the aircraft fuel-pumps supply the fuel pressure for the defuel)

· the suction defuel (the external defuel source supplies the suction to remove the fuel).

Depending of the architecture of the aircrafts fuel system, these two procedures can often be used at the same time to increase the defuel rate.

The pressure fueling system consists of: 
· pressure coupling 

· a fueling panel; 

· fueling manifolds; 

· fueling shut-off valves 

· a fuel quantity system 

· a high level sensing system.
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Figure: Refuel/Defuel System Layout
2.5.5. FUEL QUANTITY INDICATION SYSTEM
The Fuel Quantity Indication System measures the amount of fuel in each individual tank electrically by means of a probe (capacitor). The amount of fuel can be read on the flight deck and on the fueling panel. In each tank, several probes are arranged to achieve accurate data. If one or more probes deliver incorrect data, the system is usually still operative and operates in a degraded mode. This means that the indication can still be available to the crew but inaccurate.
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If during refueling an indication error occurs the manual measuring method with the dipsticks is used as a cross check.
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Figure: Fuel Quantity Indication
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Figure: Another Typical System
Measuring Capacity

The capacitor-type fuel quantity system is an electronic fuel measuring device that accurately determines the weight of the fuel in the tanks.

The measuring element (probe) in a tank consists of two concentrically mounted tubes in open connection to the tank. These tubes form the plates of a capacitor.

The capacitance of a capacitor depends on three factors: the area of the plates; the distance between the plates;

the dielectric constant of the material between the plates.

The only variable factor in a tank is the dielectric constant which depends on the ratio of fuel and air. A change in fuel level will result in a change of capacitance.

The value of the capacitance is computed to a reading on the indicator.
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Figure: Quantity Probes

Warnings

Fuel systems are provided with different warning sub-systems which generate cautions in different levels. They are shown in the cockpit, a few of them also on the fueling panel.

Normal fuel systems warns on: 
· tank level (high and low).

· system components malfunctions (pump low press etc.). 

· fuel inbalance impossible fuel transfer

2.5.6. FUEL JETTISON SYSTEM
The Fuel Jettison or also called Dump System makes it possible to bring the air​craft weight below the maximum landing weight, while keeping enough fuel in re​serve for the landing. Dumping fuel is only done in case of serious malfunctions or medical reasons requiring a speedy landing. The dump system is operated from the flight deck. Dumping fuel is done by an automatic close system. Aircrafts whose landing weights are close to the maximum take-off weight do not have a fuel jettison system.

Jettison system:
· prevent high stress during overweight landings.

· ensure aircraft is light enough for a go-around in case of an engine failure 

· makes it impossible to empty all tanks during jettison (minimum fuel kept so the aircraft can reach the next airport).
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Figure: Jettison System Layout

Some aircraft system use the standard fuel pumps, others provide separate jettison pumps where a large amount of fuel must be dumped To simplify the system design and safe weight, the refuel system is often used as the jettison manifold.

For economical reason and to reduce workload, modern aircraft are equipped with automatic jettison systems.

The jettison gross weight will usually determined prior to the flight. The value is usually entered by using either a rotating knob or the MCDU interface. If entered, the computer is able to shut the jettison valves as soon the jettison gross weight is reached.

In any case, the valves will close if a given fuel quantity minimum is reached.
2.5.7. LONGITUDINAL BALANCE FUEL SYSTEMS
The center of gravity (CG) of an aircraft is the point where all of the weight of the aircraft is considered to be located. Where the weight is placed in the airplane is a factor that has a tremendous effect on how well the airplane will fly. This is because the CG of the airplane must be maintained within certain limits prescribed by the manufacturer, in order for the aircraft to be flown safely. If the CG gets too far forward or too far backward the aircraft will be out of balance and difficult, if not impossible, to control.

What we are interested in is CG control during flight. To operate an aircraft as economical as possible, the center of gravity should be held in a range where the horizontal stabilizer is as streamline as possible This means that the stabilizer trim settings should be close to 0°(Zero) in cruise. This is done by transfering fuel.
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Figure: System Comparison

Determine the CG

To control the center of gravity, the system must know, where the center of gravity is before the engines are started. The aircraft's CG is determined by the manufacturer upon delivery and is used as the base for the loading sheets

There are several parameters that changes the center of gravity: 
· Passenger loading 
· Cargo loading 
· Refueling

The resulting center of gravity out of these parameters is called the zero fuel weight center of gravity - ZFWCG is calculated by the flight crew prior to flight.

These datas will be entered into the flight management computers and is used as the base reference.

Because the fuel weight is the only parameter that changes the center of gravity in flight, the fuel system management and CG control uses the tank quantity for calculation.
Fuel control and monitoring computers and center of gravity control computers control the forward and aft CG by fuel transfer from and to the trim tank to improve aircraft performances.

This depends on:

· zero fuel weight.

· zero fuel weight center of gravity (aircraft loading),

· fuel quantity in each tank,

· fuel flow signals.

The actual CG position and the gross weight (GW) is displayed in the cockpit. The CG is indicated in% MAC, the GW in tons. CG control is started after take-off. The computer activates the corresponding valves and pumps and transfers fuel forward or aft (according to the burnt fuel) in order to maintain the CG within a tolerance of MAC of the target CG.

In case of a CG control system failure, the computer switches automatically (depending on the failure) to either an alternate mode or to a fault mode, witch consist in emptying the trim tank.
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                        Figure: Indication                                  Figure: Mean Aerodynamic Chord (MAC)
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Figure : Trim Tank System Lay-Out
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