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CERAMIC COATING FOR HEATED FUEL
FILTER

BACKGROUND

[0001] The present invention relates generally to fluid fil-
tration, and more specifically to heated ice filter for aircraft
gas turbine engine fuel systems.

[0002] Aircraft fuel systems operate in a wide range of
environmental conditions, including temperatures which can
range from -55° C. (=67° F.) to 200° C. (392° F.).

[0003] At lower temperatures, such systems may be sus-
ceptible to ice clogging. In rare instances, ice may lodge in
servo valves or other calibrated fuel system components.
[0004] Conventional aircraft fuel system filters are capable
of limited ice management. Filters with sufficiently narrow
apertures to prevent ingress of small ice debris cause a large
fluid pressure drop, while filters with less impact on fluid
pressure tend to be too coarse to catch small debris based
purely on filter geometry.

[0005] Icing can be an issue for all aircraft gas turbine
engines, but tends to be particularly acute for auxiliary power
units (APUs). Aircraft APUs typically spend much of each
flight at rest, with no fuel flow, and may gather ice in this
resting state. When APU power is needed, the APU may be
suddenly required to operate in a freezing condition, despite
any accumulated ice.

SUMMARY

[0006] The present invention relates to a fuel filter compris-
ing a filter screen, a heating element, and a coating. The filter
screen includes a firsthollow member. The heating element is
disposed within the first hollow member. The coating is
formed of a thermally conductive, electrically insulating
ceramic in a hydrodynamic filtering pattern surrounding the
filter screen but having a different shape than a shape of the
hollow member.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG.1 is a schematic diagram of an embodiment of
a fuel system for a gas turbine engine.

[0008] FIG. 2 is a schematic diagram of an embodiment of
a filter of a fuel system.

[0009] FIG. 3A is a perspective view of an embodiment of
the filter of FIG. 2.

[0010] FIG. 3B is a cross-sectional view of a portion of the
filter of FIG. 3A, taken along line 3,4-3.4 of FIG. 2.

[0011] FIG. 4A is a perspective view of an additional
embodiment of the filter of FIG. 2.

[0012] FIG. 4B is a cross-sectional view of a portion of the
filter of FIG. 4A, taken along line 3,4-3.,4 of FIG. 2.

DETAILED DESCRIPTION

[0013] FIG.1 is a schematic diagram of fuel system 20 for
gas turbine engine 22. Gas turbine engine 22 can, for
example, be an aircraft auxiliary power unit (APU). In alter-
native embodiments, gas turbine engine 22 may be an aircraft
primary thrust engine or an industrial power turbine. Gas
turbine engine 22 comprises one or more combustors 32 with
fuel manifold 34, as well as fan F, compressor C, and turbine
T. Fuel system 20 comprises pump 24, tank 26, filter 28, fuel
subsystem 30, heat exchanger 36, and power system 38.

[0014] Pump 24 is a high pressure pump that draws fuel
from tank 26, a storage reservoir that holds fuel for gas turbine
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engine 22. Pump 24 forces fuel through fuel conduit 42, and
sequentially to filter 28, heat exchanger 36, and fuel sub-
system 30. Fuel manifold 34 supplies fuel to combustor 32
from fuel subsystem 30. Fuel subsystem 30 is an actuated fuel
flow control system which may for instance include fuel
modules, pumps, valves, and filters to regulate fuel pressure
and flow.

[0015] Fuel from tank 26 can reach low temperatures not
conducive to operation of gas turbine engine 22. In aircraft
applications, for instance, environment temperatures may
routinely range from -55° C. (-=67° F.) to 200° C. (392° F.).
These temperatures can cause icing of fuel within tank 26,
and can reduce the operating efficiency of gas turbine engine
22. Heat exchanger 36 preheats fuel from tank 26 to improve
engine efficiency, and, according to an embodiment, may be,
for instance, a fluid-to-fluid tortuous path heat exchanger.
[0016] In an embodiment, filter 28 is a resistively heated
de-icing or ice control filter disposed between pump 24 and
fuel subsystem 30. Although filter 28 is shown situated imme-
diately downstream of heat exchanger 36, filer 28 may alter-
natively be situated upstream of heat exchanger 36. Filter 28
includes filter screen 44, and draws power from power system
38 via power connection 40 to provide resistive heating.
Power system 38 may, for instance, be a generator, battery, or
other source of power or heat. Filter 28 is described in further
detail below with respect to FIGS. 2-4B.

[0017] FIG. 2 is a schematic view of an embodiment of
filter 28, illustrating power system 38, power connection 40,
filter screen 44 (with solid members 41 and hollow members
43), resistive elements 46, and wall 47. Although filter screen
44 is shown in solid lines, it is surrounded entirely by coating
48. FIG. 2 further illustrates section line 3,4-3.4, through
which the sectional views of FIGS. 3A, 3B, 4A, and 4B are
taken.

[0018] As described above with respect to FIG. 1, power
system 38 acts as a power source for resistive heating of filter
28. Filter 28 is disposed within a channel defined by wall 47.
Although wall 47 is depicted as circular (e.g. for a cylindrical
fuel line), wall 47 may have any shape suited to a fuel conduit
42 within which filter 28 is situated. Filter screen 44 extends
across the full extent of the space defined by wall 47, and
comprises at least one hollow member 43. Hollow member 43
carries resistive element 46, which draws power from power
system 38 via power connection 40 to heat filter screen 44.
Resistive element 46 is an electrically resistive heater.
[0019] In the depicted embodiment, all vertical sections of
filter screen 44 are hollow members 43 carrying resistive
elements 46, while all horizontal sections of filter screen 44
are solid members 41. More generally, however, any configu-
ration of hollow and solid members, or of exclusively hollow
members, may be used. Solid members 41 can provide greater
structural strength to filter screen, while hollow members 43
carry resistive elements 46 to heat filter screen 44, and thereby
filter 28. In some embodiments, resistive elements 46 may be
distributed substantially evenly across filter screen 44, for
more even heating.

[0020] Filter screen 44 is a mesh formed of a material with
high thermal conductivity, such as copper or tungsten. Filter
screen 44 catches ice debris from tank 26, thereby preventing
components of fuel subsystem 30 from clogging or fouling. In
one embodiment, filter screen 44 has a mesh dimension (e.g.
a distance between adjacent parallel mesh elements) less than
1400 microns. In other embodiments, any larger or smaller
mesh dimensions may be used. Although filter screen 44 is
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depicted as a rectangular or square mesh, other patterns (hex-
agonal, diamond, etc.) can equivalently be used.

[0021] Filter screen 44 is covered with coating 48, which is
described in more detail below with respect to FIGS. 3A, 3B,
4 A, and 4B. Coating 48 is formed of an electrically insulating,
thermally conductive ceramic material such as Beryllia (Be-
ryllium Oxide), Alumina (Aluminum Oxide), and Aluminum
Nitride, or combinations thereof. Coating 48 may, for
instance, be deposited atop filter screen 44, or may be formed
via a thick-film deposition process whereby filter screen 44 is
formed within coating 48, and filter screen 44 and coating 48
are cured together. Filter screen 44 and coating 48 have sub-
stantially the same coefficient of thermal expansion (e.g. the
same as copper for a copper screen, or as tungsten for a
tungsten screen) at least within ordinary operating tempera-
ture ranges from -55° C. (-67° F.) to 200° C. (392° F.).

[0022] Coating 48 prevents electrical discharges that might
otherwise prove hazardous in the volatile, fuel-carrying envi-
ronment of filter 28. Because coating 48 is electrically insu-
lating but thermally conductive, resistive elements 46 are able
to heat fuel and melt ice within wall 47, thereby preventing ice
accumulation and clogging or obstruction of filter 28 due to
ice debris buildup. Moreover, coating 48 forms a hydrody-
namic filtering pattern that surrounds mesh screen 44, but has
a different shape. Coating 48 forms a series of bellmouth
apertures, as described below with respect to FIGS. 3A, 3B,
4A, and 4B, so as to cause minimal pressure drop across filter
28.

[0023] FIGS. 3A and 3B are perspective and cross-sec-
tional views, respectively, of a first embodiment of filter 28.
No hatching is provided for simplicity and clarity. FIG. 3B is
taken along sectional lines 3,4-3,4 of FIG. 2. FIGS.3A and 3B
illustrate coating 48a, one possible shape for coating 48. As
depicted in FIGS. 3A and 3B, coating 484 surrounds resistive
elements 46, and forms a plurality of apertures 50 with sub-
stantially smoothly curved boundaries. Apertures 50 have
minimum diameter locations 52 located at or near the natural
vena contracta of fluid flow (see flow arrow F) through aper-
tures 50. As a result, pressure drop across filter 28 is reduced.
Coating 48a has a substantially flat and/or uncontoured shape
54A except surrounding apertures 50.

[0024] FIGS. 4A and 4B are perspective and cross-sec-
tional views, respectively, of a second embodiment of filter
28. FIG. 4B is taken along sectional lines 3,4-3,4 of FIG. 2.
FIGS. 4A and 4B illustrate a second possible shape 4856 for
coating 48. Like coating 484, coating 485 surrounds resistive
elements 46 and forms a plurality of apertures 50 with sub-
stantially smoothly curved boundaries, each having a mini-
mum diameter location 52 located at or near the natural vena
contracta of fluid flow (see flow arrow F) through the corre-
sponding aperture 50. Unlike coating 48a, coating 48b has
sharp guide points 54B that serve to guide fluid flow away
from intersections of filter screen 44, and towards apertures
50. Guide points 54B extend at least in an upstream direction,
away from the plane of filter screen 44, and may extend in a
downstream direction as well. Coating 48 (including the
embodiments of coating 48a and coating 485) prevents elec-
trical discharges within fuel lines, conducts heat from resis-
tive elements 46 to melt ice, and optimizes fluid flow through
apertures 50 to minimize pressure drop across filter 28.

[0025]

[0026] The following are non-exclusive descriptions of
possible embodiments of the present invention.

Discussion of Possible Embodiments
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[0027] A fuel filter comprising: a filter screen including a
first hollow member; a heating element disposed within the
first hollow member; and a coating formed of a thermally
conductive, electrically insulating ceramic in a hydrody-
namic filtering pattern surrounding the filter screen but hav-
ing a different shape than a shape of the hollow member.
[0028] The fuel filter of the preceding paragraph can
optionally include, additionally and/or alternatively, any one
or more of the following features, configurations and/or addi-
tional components:

[0029] A further embodiment of the foregoing fuel filter,
wherein the heating element is an electrically resistive heater.
[0030] A further embodiment of the foregoing fuel filter,
wherein the filter screen has a mesh dimension of less than
1400 microns.

[0031] A further embodiment of the foregoing fuel filter,
wherein the filter screen is formed of a first material with a
first coefficient of thermal expansion, and the coating is
formed of a second material with a second coefficient of
thermal expansion that is substantially similar to the first
coefficient of thermal expansion.

[0032] A further embodiment of the foregoing fuel filter,
wherein the hydrodynamic filtering pattern includes a plural-
ity of bellmouth apertures.

[0033] A further embodiment of the foregoing fuel filter,
wherein each of the bellmouth apertures has a minimum
aperture diameter at or near a vena contracta of fluid flow
through the bellmouth aperture.

[0034] A further embodiment of the foregoing fuel filter,
wherein the filtering pattern includes guide points projecting
upstream into the fluid at intersections of the filter screen.
[0035] A further embodiment of the foregoing fuel filter,
wherein the filtering pattern is formed via a thick film depo-
sition process whereby the filter screen is deposited inside the
coating, and the filter screen and coating are cured simulta-
neously.

[0036] A further embodiment of the foregoing fuel filter,
wherein the filter screen comprises at least one of copper and
tungsten.

[0037] A further embodiment of the foregoing fuel filter,
wherein the coating is a ceramic formed of Beryllia (Beryl-
lium Oxide), Alumina (Aluminum Oxide), Aluminum
Nitride, or combinations thereof, with substantially the same
coefficient of thermal expansion as copper between -55° C.
(=67° F.) and 200° C. (392° F.).

[0038] A further embodiment of the foregoing fuel filter,
wherein the coating is a ceramic formed of Beryllia (Beryl-
lium Oxide), Alumina (Aluminum Oxide), Aluminum
Nitride, or combinations thereof, with substantially the same
coefficient of thermal expansion as tungsten between —55° C.
(=67° F.) and 200° C. (392° F.).

[0039] A fuel system for a gas turbine engine, the fuel
system comprising: a pump configured to draw fuel from a
fuel tank; a fluid line configured to carry fuel from the pump
to a combustor of the gas turbine engine; a fuel filter disposed
on the fluid line, and comprising: an electrically resistively
heated filter screen; and a coating formed of a thermally
conductive, electrically insulating ceramic in a hydrody-
namic filtering pattern surrounding at least a portion of the
heated filter screen.

[0040] The fuel system of the preceding paragraph can
optionally include, additionally and/or alternatively, any one
or more of the following features, configurations and/or addi-
tional components:
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[0041] A further embodiment of the foregoing fuel system,
wherein the hydrodynamic filtering pattern has a different
shape than a shape of the resistively heated filter screen.
[0042] A further embodiment of the foregoing fuel system,
the resistively heated filter screen defines a grid, and the
hydrodynamic filtering pattern includes a plurality of bell-
mouth apertures situated at openings of the grid.

[0043] A further embodiment of the foregoing fuel system,
the hydrodynamic filtering pattern further comprises guide
points projecting in an upstream direction into the fuel at
intersections of the grid.

[0044] A method for filtering fuel in a gas turbine engine
fuel system, the method comprising: defining a fluid flow path
through a filter screen with at least one electrically resistive
heating element, the filter screen comprising: a mesh formed
of a plurality of filter elements within the gas turbine engine
fuel system, such that the filter screen forms openings having
a first perimeter with a substantially rectangular shape, the at
least one electrically resistive heating element disposed
within at least one of the plurality of filter elements; a ther-
mally conductive, electrically insulating ceramic coating on
the mesh, such that the openings have a second perimeter that
includes at least one curved portion; and heating the fluid flow
path by running current through the electrically resistive ele-
ment.

[0045] A further embodiment of the foregoing method,
wherein the filter screen and the thermally conductive, elec-
trically insulating ceramic coating are formed of materials
with substantially identical coefficients of thermal expansion.
[0046] A further embodiment of the foregoing method,
wherein the filter screen comprises at least one of copper and
tungsten.

[0047] A further embodiment of the foregoing method,
wherein the thermally conductive, electrically insulating
ceramic coating forms a bellmouth aperture at each of the
openings.

[0048] A further embodiment of the foregoing method,
wherein each of the bellmouth apertures has a minimum
aperture diameter at or near a vena contracta of fluid flow
through the bellmouth aperture.

[0049] While the invention has been described with refer-
ence to an exemplary embodiment(s), it will be understood by
those skilled in the art that various changes may be made and
equivalents may be substituted for elements thereof without
departing from the scope of the invention. In addition, many
modifications may be made to adapt a particular situation or
material to the teachings of the invention without departing
from the essential scope thereof. Therefore, it is intended that
the invention not be limited to the particular embodiment(s)
disclosed, but that the invention will include all embodiments
falling within the scope of the appended claims.

1. A fuel filter comprising:
a filter screen including a first hollow member;
aheating element disposed within the firsthollow member;
and
a coating formed of a thermally conductive, electrically
insulating ceramic in a hydrodynamic filtering pattern
surrounding the filter screen but having a different shape
than a shape of the hollow member.
2. The fuel filter of claim 1, wherein the heating element is
an electrically resistive heater.
3. The fuel filter of claim 1, wherein the filter screen has a
mesh dimension of less than 1400 microns.
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4. The fuel filter of claim 1, wherein the filter screen is
formed of a first material with a first coefficient of thermal
expansion, and the coating is formed of a second material
with a second coefficient of thermal expansion that is sub-
stantially similar to the first coefficient of thermal expansion

5. The fuel filter of claim 1, wherein the hydrodynamic
filtering pattern includes a plurality of bellmouth apertures.

6. The fuel filter of claim 5, wherein each of the bellmouth
apertures has a minimum aperture diameter at or near a vena
contracta of fluid flow through the bellmouth aperture.

7. The fuel filter of claim 5, wherein the filtering pattern
includes guide points projecting upstream into the fluid at
intersections of the filter screen.

8. The fuel filter of claim 1, wherein the filtering pattern is
formed via a thick film deposition process whereby the filter
screen is deposited inside the coating, and the filter screen and
coating are cured simultaneously.

9. The fuel filter of claim 1, wherein the filter screen com-
prises at least one of copper and tungsten.

10. The fuel filter of claim 9, wherein the coating is a
ceramic formed of Beryllia (Beryllium Oxide), Alumina
(Aluminum Oxide), Aluminum Nitride, or combinations
thereof, with substantially the same coefficient of thermal
expansion as copper between —-55° C. (=67° F.) and 200° C.
(392° F.).

11. The fuel filter of claim 9, wherein the coating is a
ceramic formed of Beryllia (Beryllium Oxide), Alumina
(Aluminum Oxide), Aluminum Nitride, or combinations
thereof, with substantially the same coefficient of thermal
expansion as tungsten between —55° C. (=67° F.) and 200° C.
(392° F.).

12. A fuel system for a gas turbine engine, the fuel system
comprising:

a pump configured to draw fuel from a fuel tank;

a fluid line configured to carry fuel from the pump to a

combustor of the gas turbine engine;

a fuel filter disposed on the fluid line, and comprising:

an electrically resistively heated filter screen; and

a coating formed of a thermally conductive, electrically
insulating ceramic in a hydrodynamic filtering pattern
surrounding at least a portion of the heated filter
screen.

13. The fuel system of claim 12, wherein the hydrodynamic
filtering pattern has a different shape than a shape of the
resistively heated filter screen.

14. The fuel system of claim 13, wherein the resistively
heated filter screen defines a grid, and the hydrodynamic
filtering pattern includes a plurality of bellmouth apertures
situated at openings of the grid.

15. The fuel system of claim 14, wherein the hydrodynamic
filtering pattern further comprises guide points projecting in
anupstream direction into the fuel at intersections of the grid.

16. A method for filtering fuel in a gas turbine engine fuel
system, the method comprising:

moving a fluid through a filter screen, the filter screen

comprising at least one electrically resistive heating ele-

ment, the filter screen comprising:

amesh formed of a plurality of filter elements within the
gas turbine engine fuel system, such that the filter
screen forms openings having a first perimeter with a
substantially rectangular shape, the at least one elec-
trically resistive heating element disposed within at
least one of the plurality of filter elements;
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a thermally conductive, electrically insulating ceramic
coating on the mesh, such that the openings have a
second perimeter that includes at least one curved
portion; and

heating the fluid by running current through the electrically

resistive heating element.

17. The method of claim 16, wherein the filter screen and
the thermally conductive, electrically insulating ceramic
coating are formed of materials with substantially identical
coefficients of thermal expansion.

18. The method of claim 17, wherein the filter screen
comprises at least one of copper and tungsten.

19. The method of claim 16, wherein the thermally con-
ductive, electrically insulating ceramic coating forms a bell-
mouth aperture at each of the openings.

20. The method of claim 19, wherein each of the bellmouth
apertures has a minimum aperture diameter at or near a vena
contracta of fluid flow through the bellmouth aperture.

#* #* #* #* #*
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