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(54)  An apparatus for and a method of filtering a fluid

(57) A fuel system (10) comprises a tank (12), a
pump (14), heat exchangers (16 & 18) and a filter (20) in
series fluid flow relationship. A fuel metering unit (24)
returns a proportion of the filtered fuel to the tank (12)
and is controlled by the engine electronic control (30).
The system (10) operates so that fluid is not returned to
the tank (12) when a pressure differential of the order of
5psi is detected across the fluid filter (20) and the tem-
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perature of the fluid is below 0°C. The fluid is not
returned to the tank (12) for a period of time to reduce
the flow of fluid passing through the heat exchangers
(16 & 18). The reduced flow of fluid passing through the
heat exchangers (16 & 18) is heated to a temperature
sufficient to melt any solidified impurities blocking the
fluid filter (20).
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Description

[0001] The present invention relates to a fluid filter
assembly and to a method of removing impurities
entrained within a fluid which solidify to block the filter at
low temperatures. In particular the present invention
relates to the use of such a fluid filter assembly in the
fuel system of a gas turbine engine.

[0002] The fuel system of a gas turbine engine
functions to provide the engine with fuel in a form and
quantity required to suit all engine operating conditions.
A fuel pump delivers fuel to spray nozzles which inject
the fuel into a combustion chamber in the form of an
atomised spray. The fuel is supplied to the spray noz-
Zles via a fuel filter which serves to remove particulate
impurities from the fuel. By keeping the fuel free from
impurities the possibility of a blockage occurring within
the fuel system is reduced.

[0003] A heat exchanger is located adjacent the
inlet to the fuel filter. The heat exchanger acts to transfer
heat from a flow of oil to the fuel thereby cooling the oil.
By transferring heat to the fuel liquid impurities
entrained within the fuel, such as water, are heated and
pass out of the combustion system.

[0004] In many gas turbine engines a proportion of
the heated fuel is diverted from the engine fuel system
and returned to the fuel tanks. The fuel tanks are
located in the aircraft wings and the diverted fuel heats
the fuel in the tanks to reduce the potential for ice forma-
tion on the wing surfaces. When the fuel is diverted to
the tanks the additional fuel flow through the engine fuel
system reduces the efficiency of the heat exchanger. If
the engine fuel temperature is below a critical value the
reduction in the temperature rise in the heat exchanger
is such that the outlet temperature is below 0°C and the
fuel filter can block with ice. A consequence of this is
that eventually the filter becomes totally blocked with ice
and a bypass provided around the filter opens exposing
the engine to iced fuel. This may lead to eventual mal-
function of the engine.

[0005] The present invention seeks to provide a
fluid filter assembly and method of operating the fluid fil-
ter assembly to prevent exposure of the engine to iced
fuel.

[0006] According to the present invention a fluid fil-
ter assembly comprises a fluid tank, a pump, at least
one heater and a filter in series fluid flow relationship,
means for returning a proportion of the filtered fluid to
the fluid tank being provided and incorporating means
to control the amount of fluid being returned to the tank,
the control means operating to prevent the fluid being
returned to the tank when a pressure differential is
detected across the fluid filter and the temperature of
the fluid is below a predetermined value.

[0007] In the preferred embodiment of the present
invention the control means operates to prevent the fluid
being returned to the tank when a pressure differential
of the order of 5psi is detected across the fluid filter and
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the temperature of the fluid is below 0°C.

[0008] Preferably the control means is a fluid meter-
ing unit which may be controlled electronically.

[0009] In the preferred embodiment of the present
invention a differential pressure switch is attached to the
fluid filter to detect the pressure differential across the
filter and a temperature sensor detects the temperature
of the filtered fluid. The temperature sensor may be a
thermocouple.

[0010] Two heaters may be provided and the heat-
ers are preferably heat exchangers in which heat is
exchanged between two fluids which in operation pass
therethrough.

[0011] In a further embodiment of the present
invention a second pump is located at the outlet to the
filter which delivers the fluid at a higher pressure to
spray nozzles which inject the fluid into a chamber as an
atomised spray.

[0012] The fluid filter assembly in accordance with
the present invention is suitable for use in the fuel sys-
tem of a gas turbine engine.

[0013] A method of melting solidified impurities
blocking a fluid filter in a fluid filter assembly, which com-
prises a fluid tank, a pump, at least one heater and a fil-
ter in series fluid flow relationship, means being
provided for returning a proportion of the filtered fluid to
the fluid tank and which incorporates means to control
the amount of fluid passing therethrough, the method
comprising the steps of, operating the control means to
allow a proportion of the fluid to be returned to the fluid
tank, detecting the pressure differential across the fluid
filter and the temperature of the fluid, operating the con-
trol means when the pressure differential and the tem-
perature reach a predetermined valve to prevent the
fluid returning to the tank, preventing the fluid being
returned to the tank for a predetermined period of time
to reduce the flow of fluid passing through the heater,
heating the reduced flow of fluid passing through the
heater to a temperature sufficient to melt any solidified
impurities in the fluid filter.

[0014] In the preferred embodiment of the present
invention the control means operates to prevent the fluid
being returned to the tank when a pressure differential
of the order of 5psi is detected across the fluid filter and
the temperature of the fluid is below 0°C. The control
means operates to prevent the fluid being returned to
the tank for a time period of the order of 3 minutes.
[0015] The present invention will now be described
with reference to the following figure which shows a
schematic view of a fluid assembly in accordance with
the present invention.

[0016] Referring to figure 1, a fuel system for a gas
turbine engine is generally indicated at 10. The fuel sys-
tem 10 comprises a fuel pump 14 which delivers fuel
from a tank 12, located in the aircraft wings (not shown),
to heat exchangers 16 and 18.

[0017] In the heat exchangers 16 and 18 the fuel is
heated by a flow of oil passing therethrough. The
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heated fuel then passes from the heat exchanger 18
through a filter 20 to a further pump 22. The pump 22
delivers the fuel at a higher pressure to a fuel metering
unit 24 which determines how much fuel is delivered to
spray nozzles 28 via a final filter 26.

[0018] A proportion of the fuel flow may be diverted
by the fuel metering unit 24 back to the tanks 12 in the
aircraft wings. The diverted fuel flow acts to heat the fuel
in the tanks 12 and reduces the potential for ice forma-
tion on the wing surfaces of the aircraft.

[0019] When the fuel metering unit 24 operates to
divert fuel back to the tanks 12 the additional flow of fuel
through heat exchangers 16 and 18 reduces their ther-
mal efficiency. The temperature of the fuel at the outlet
of the heat exchangers 16 and 18 falls and the filter 20
starts to block with ice. A differential pressure switch 21
is fitted to the filter 20 and gives a warning of the
impending blockage. The switch 21 is set to operate at
5psi pressure differential and sends a signal, indicated
by the dotted line, to the engine electronic control 30. If
a fuel temperature thermocouple 27, located on the final
filter 26 adjacent the spray nozzles 28, indicates that the
temperature of the fuel is below 0°C the electronic
engine control 30 sends a signal to the fuel metering
unit 24 to prevent the fuel being returned to the aircraft
tank 12.

[0020] By preventing the fuel being returned to the
aircraft tanks 12 the fuel heating in the heat exchangers
16 and 18 is restored. The fuel temperature at the outlet
of the heat exchangers 16 and 18 increases to a posi-
tive value and melts the ice in the filter 20. The elec-
tronic engine control 30 sends a signal to the fuel
metering unit 24 to prevent the fuel returning to the
tanks 12 for a period of the order of three minutes. This
ensures that the filter 20 is fully de-iced before the warm
fuel is diverted back to the tanks 12 in the aircraft wings.
[0021] The temperature signal from the thermocou-
ple 27 ensures fuel continues to be returned to the air-
craft tanks 12 when the filter 20 starts to block with
contaminants other than ice. If the filter 20 is blocked
with contaminants other than ice a bypass 19 opens
when the pressure differential exceeds 25psi.

[0022] A fuel system in accordance with the present
invention offers the advantage that heating of the fuel in
the tanks 12 is maintained with only short interruptions.
Fuel system icing problems are avoided without provid-
ing additional heating and the need for a larger capacity
fuel filter is avoided. By restricting the operation of the
bypass 19 around the fuel filter 20 to blockage condi-
tions not involving ice the engine is not exposed to iced
fuel.

[0023] Whilst the present invention has been
described with reference to the fuel system of a gas tur-
bine engine it will be appreciated by one skilled in the
art that the invention is applicable to any filtering system
in which problems are envisaged due to the solidifica-
tion of liquid impurities entrained within a fluid at low
temperatures.
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Claims

1. A fluid filter assembly (10) comprising a fluid tank
(12), a pump (14), at least one heater (16) and a fil-
ter (20) in series fluid flow relationship, means for
returning a proportion of the filtered fluid to the fluid
tank (12) being provided characterised in that
means (24) are provided to control the amount of
fluid being returned to the tank (12), the control
means (24) operating to prevent the fluid being
returned to the tank (12) when a pressure differen-
tial is detected across the fluid filter (20) and the
temperature of the fluid is below a predetermined
value.

2. A fluid filter assembly (10) as claimed in claim 1
characterised in that the control means (24) oper-
ate to prevent the fluid being returned to the tank
(12) when a pressure differential of the order of 5psi
is detected across the fluid filter (20) and the tem-
perature of the fluid is below 0°C.

3. A fluid filter assembly (10) as claimed in claim 1 or
claim 2 characterised in that the control means (24)
is a fluid metering unit.

4. Afluid filter assembly as claimed in any of claims 1-

3 characterised in that the control means (24) is
controlled electronically.

5. A fluid filter assembly (10) as claimed in any pre-
ceding claim characterised in that a differential
pressure switch (21) is attached to the fluid filter
(20) to detect the pressure differential across the fil-
ter (20) and a temperature sensor (27) detects the
temperature of the filtered fluid.

6. A fluid filter assembly (10) as claimed in claim 5
characterised in that the temperature sensor (27)
which detects the temperature of the filtered fluid is
a thermocouple.

7. A fluid filter assembly (10) as claimed in any pre-
ceding claim characterised in that two heaters
(16,18) are provided.

8. A fluid filter assembly (10) as claimed in any pre-
ceding claim characterised in that the heaters
(16,18) are heat exchangers in which heat is
exchanged between two fluids which in operation
pass therethrough.

9. A fluid filter assembly (10) as claimed in any pre-
ceding claim characterised in that a second pump
(22) is located at the outlet to the filter (20) which
delivers the fluid at a higher pressure to spray noz-
zles (28) which inject the fluid into a chamber as an
atomised spray.
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10. The fuel system of a gas turbine engine character-
ised in that it includes a fluid filter assembly (10) as
claimed in any of claims 1-9.

11. A method of melting solidified impurities blockinga 5
fluid filter (20) in a fluid filter assembly (10), which
comprises a fluid tank (12), a pump (14), at least
one heater (16) and a filter (20) in series flow rela-
tionship, means being provided for returning a pro-
portion of the filtered fluid to the fluid tank (12) 10
characterised in that means (24) are provided to
control the amount of fluid returned to the fluid tank
(12), the method comprising the steps of, operating
the control means (24) to allow a proportion of the
fluid to be returned to the fluid tank (12), detecting 15
the pressure differential across the fluid filter (20)
and the temperature of the fluid, operating the con-
trol means (24) when the pressure differential and
the temperature reach a predetermined valve to
prevent the fluid returning to the tank (12), prevent- 20
ing the fluid returning to the tank (12) for a predeter-
mined period of time so that the flow of fluid passing
through at least one heater (16) is reduced, heating
the reduced flow of fluid passing through at least
one heater (16) to a temperature sufficient to melt 25
any solidified impurities in the fluid filter (20).

12. A method of melting solidified impurities blocking a
fluid filter (20) as claimed in claim 11 characterised
in that the control means (24) operates to prevent 30
the fluid being returned to the tank (12) when a
pressure differential of the order of 5psi is detected
across the fluid filter (20) and the temperature of the
fluid is below 0°C.

35
13. A method of melting solidified impurities blocking a
fluid filter (20) as claimed in claim 11 characterised
in that the control means (24) operates to prevent
the fluid being returned to the tank (12) for a time
period of the order of 3 minutes. 40
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