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MEANS AND ARRANGEMENT FOR FUEL
ICING PROTECTION

[0001] This disclosure claims the benefit of UK Patent
Application No. GB142258.8, filed on 18 Dec. 2014, which is
hereby incorporated herein in its entirety.

FIELD OF THE DISCLOSURE

[0002] The present disclosure relates to temperature con-
trol of aircraft fuel. In particular, the disclosure relates to a
new arrangement and method for improving fuel icing pro-
tection.

BACKGROUND OF THE DISCLOSURE

[0003] The fuel flow from an aircraft fuel tank to gas tur-
bine engines can contain water. When engines are required to
operate in low ambient temperatures, in particular tempera-
tures below 0° C., there is a risk that this water will freeze. In
such circumstances, the ice will normally be present to the
engine as dispersed ice particles in suspension. These ice
particles can lead to failure of the fuel system, for example by
blocking units in the fuel flow passages or causing malfunc-
tion of fine clearance valves by adhering to the surfaces of
these valves in the fuel system.

[0004] The problem is typically managed by heating the
fuel, for example by using heat from the engine oil, via a fuel
and oil heat exchanger (FOHE). However, at certain engine
operation conditions, the heat from engine oil may not be
sufficient to eliminate the fuel icing threat.

[0005] Various additional fuel heating means for fuel icing-
protection exist (see, for example, U.S. Pat. No. 6,939,392,
US 2011/185702. and US 2010/319359). These, and similar,
prior art solutions typically address the fuel icing problem
either by including a further dedicated fuel heater, or by using
the exhaust gas heat, etc. to raise the fuel temperature. Util-
ising an external heat source to heat the fuel leads to increased
weight/cost/complexity in the fuel system, which is undesir-
able. In addition, there are risks of fuel overheating in the
failure scenario when the fuel can come into direct contact
with the heating source. With the heating source temperature
potentially exceeding the fuel ignition temperature, this
clearly has significant implications In relation to engine
safety.

[0006] It is an aim of the present disclosure to provide a
means of adjusting/controlling fuel temperature which does
notrequire an external heating source. The disadvantages and
risks associated with such external heating can thereby be
avoided.

BRIEF SUMMARY OF THE DISCLOSURE

[0007] The present disclosure aims to improve fuel icing-
protection by controlling he potential heating within the fuel
system.

[0008] According to a first aspect of the disclosure there is
provided a fuel delivery system as defined in the appended
claim 1. Further beneficial features are recited in the associ-
ated dependent claims.

[0009] In a typical fuel delivery system the high pressure
(HP) fuel pump that delivers fuel to a combustor is a gear or
vane type pumping device driven by a gear arrangement via a
power offtake shaft coupled to the engine main shaft. As a
result, the fuel pump speed and capacity is proportional to the
engine shaft speed. The delivery pressure of the fuel system
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downstream of the HP pump is also a function of engine
power and hence also varies with shaft speed.

[0010] To account for performance deterioration over the
life of the system, the HP pump is typically designed to
provide a maximum flow in excess of the demand from the
engine operating at its highest power. A fuel metering device
between the HP pump and the combustor provides the appro-
priate fuel to the combustor, the remainder being directed into
a spill loop and “spilled’ back into the fuel system at a suitable
location, for example at the HP pump inlet. The dynamic
energy from spilling back the excess fuel, which is dependent
onthe engine speed, generates a certain amount of heat within
the system.

[0011] This unregulated generated heat is generally consid-
ered a parasitic loss which should be minimised by appropri-
ate design of the system.

[0012] The disclosure instead makes use of the abovemen-
tioned phenomenon as a means of controlling fuel tempera-
ture, in particular to avoid fuel icing in cold conditions. By
actively controlling one or more of the pressure, the flow rate
or the volume of fuel flow provided to a fuel metering device
independently of engine operating conditions, the disclosure
allows the characteristics of the flow through the fuel spill
loop to be controlled. This in turn allows control of the heat
generated from the energy released when the surplus fuel is
spilled back to the low pressure side (for example, upstream)
of'the pump. Additional work done by the pump in providing
excess flow pressure or volume also leads to increased heat
generation from the pump itself.

[0013] The system and method of the present disclosure
take advantage of a commonly unwanted feature of fuel deliv-
ery systems, namely the heat generation associated with the
energy transfer from spilled back surplus fuel from a fuel
pump. Adjusting fuel flows and/or pressures in the fuel sys-
tem by means of, for example, variable capacity pumping
means and/or by varying flow resistance in the fuel system
provides controlled heat generation in fuel system.

[0014] This new arrangement avoids the additional weight/
cost/complexity when external fuel heating means is used and
it also avoids the potential engine safety risk of relying on
external heat source.

[0015] A variable flow restrictor may be provided as a
means to control the pressure of the fuel flow delivered to the
fuel metering device. Such a variable flow restrictor is pref-
erably located downstream of the pump or is integral with the
pump. The flow restriction may be adjusted to control the
pressure of the flow to the fuel metering device, and thereby
the pressure of the spill flow from the fuel spill loop. Changes
in the energy of the spill flow can thus be achieved with or
without variable capacity pumping means.

[0016] The discharge point of he fuel spill loop may be
located immediately upstream, for example, at a low pressure
side, of the pump to maximise the influence of the generated
heat on the pump, and to minimise the length of the fuel spill
loop and thus minimise heat and energy losses in the surplus
flow.

[0017] Alternatively, the discharge point may be located
further upstream in the system to influence other components
of the system. For example, the discharge point may be
located upstream of a filter and/or a heat exchanger, such as a
fuel and oil heat exchanger, provided within the system
upstream of the pump. Providing a discharge point upstream
of'such components can reduce the need for bypass valves or
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similar which are typically provided to provide a flow path if
the component become blocked.

[0018] In certain embodiments, the fuel spill loop may be
provided with a plurality of discharge points, and means may
be provided for selecting one of said plurality of discharge
points. A choice could then be made between providing maxi-
mum heat generation to the pump, or a possibly lower level of
heating to more of the system.

[0019] A temperature sensor is preferably provided for
sensing the temperature of the fuel within the system. Control
of the system, including the pressure and/or volume of the
fuel flow and, if provided, selection of the discharge point,
could be based on the readings from the temperature sensor.
In this regard, it may be preferable to provide a plurality of
temperature sensors at spaced locations within the system to
determine the temperature of the fuel at a number of different
locations.

[0020] The disclosure also provides a method of control-
ling the temperature of fuel in a fuel delivery system, as
defined in the appended claim 13. Further beneficial features
of'the method are recited in the associated dependent claims.
[0021] Controlling the pressure or volume of fluid flow
influences the amount of work done by a fuel pump, and thus
the heat generated by the pump. Typically, a fuel delivery
system will incorporate a spill loop allowing surplus flow to
spill back into the system, generating further energy and thus
heat in the system. Where such a spill loop is provided,
changing one or more of the pressure and volume of the fuel
flow will also affect the energy in this surplus fuel flow, and
thus change the heat generated from this phenomenon. By
allowing control independently of engine operating condi-
tions, the disclosure allows controlled adjustment of the fuel
temperature. To provide increased control, both flow volume
and flow pressure can be controlled.

[0022] Control of the flow volume and/or the flow pressure
may be based on the temperature of the fuel in the system,
either at one or more particular locations or in general.
[0023] The method may be employed using a fuel delivery
system as previously described.

[0024] The method may be employed to increase fuel tem-
perature, for example by increasing the pressure and/or vol-
ume of the fuel flow; or may be employed to reduce fuel
temperature, for example by reducing the pressure and/or
volume of the fuel flow. In systems where a spill loop with
multiple outlets is provided, the method may also control
selection of the discharge point to increase or, in particular, to
decrease the fuel temperature as desired.

[0025] The disclosure beneficially relies predominantly on
components already in the fuel system, or components that
can be readily substituted therewith and the benefits can be
achieved within their original design capacity. Although
described predominantly as a means for increasing fuel tem-
perature for avoiding fuel icing in cold conditions, it should
be readily understood that the disclosure could also be used to
minimise heat generation and thus minimise fuel temperature
in hot conditions. This is beneficial because cooler fuel, espe-
cially during hot/warm day engine operations, leads to
decreased fuel degradation (lacquering etc.) and hence
improves the fuel system reliability.

[0026] Thedisclosure therefore provides a feasible solution
for co oiling fuel temperature across the whole engine opera-
tion envelope.

[0027] Wherever practicable, any of the essential or pref-
erable features defined in relation to any one aspect of the
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disclosure may be applied to any further aspect. Accordingly
the disclosure may comprise various alternative configura-
tions of the features defined above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] Practicable embodiments of the disclosure are
described in further detail below by way of example only with
reference to the accompanying drawings, of which:

[0029] FIG. 1 shows a schematic diagram of a typical air-
craft fuel system; and

[0030] FIG. 2 shows a schematic diagram of a modified fuel
system in accordance with the present disclosure.

DETAILED DESCRIPTION OF THE
DISCLOSURE

[0031] This present disclosure controls the potential heat-
ing within a fuel system. Hence an example of a conventional
fuel system and its operation will be first described to provide
a clear understanding of the modifications made by the dis-
closure.

[0032] A typical fuel system 2 is illustrated in FIG. 1. It
consists of a low pressure (LP) pump 4 for pumping fuel from
an aircraft tank 6, which represents the upstream end of the
system, to a moderate pressure. A fuel and oil heat exchanger
(FOHE) 8 is provided downstream of the LP pump 4 to enable
heat transfer to the fuel from engine oil. A filter 10 is provided
downstream of the FOHE 8 to maintain fuel cleanness.
Bypass valves 12 are provided for both the FOHE 8 and the
filter 10 to provide a flow path for fuel in the event that one or
other of these becomes blocked during operation.

[0033] Downstream of the filter 10, a high pressure (HP)
pump 14 is provided to further raise the fuel pressure to a
sufficiently high level that the fuel can be delivered to a
combustor 16 (or be used as the source for valve actuation). A
hydro-mechanical unit (HMU) 18, which houses all actuation
servo valves/lines, is located downstream of'the HP pump 14.
The HMU 18 additionally acts as a fuel metering device to
control the amount of fluid that flows to the combustor 16
based on the demands of the engine, and direct any surplus
fuel through a fuel spill loop 20 which “spills’ the surplus fuel
back into the system 2 at a location 22 upstream of the HP
pump 14. Also illustrated in FIG. 1, between the HMU 18 and
the combustor 16 is a temperature sensor 24 for measuring the
temperature of the fuel in the system 2.

[0034] The HP pump 14 shown in FIG. 1 is a gear or vane
type pumping device, and is driven by a gear arrangement via
apower offtake shaft coupled to the engine main shaft. Hence
the speed of the HP pump 14 is proportional to the engine
shaft speed, as is the pump capacity. The delivery pressure of
the fuel system 2 downstream of the HP pump 14 is also a
function of engine power, and therefore also varies with shaft
speed.

[0035] The HP pump 14 has been designed based on the
maximum fuel flow demand for the engine, with an additional
margin added to account for pump performance deterioration
over the life of the HP pump 14 or the system 2 as a whole.
This is the conventional approach in the design of such HP
pumps. The HP pump 14 power setting is determined by the
maximum pressure rise needed from the engine operation
envelope, which typically occurs at a high power engine
operation condition. It should be understood that a significant
difference therefore exists in terms of the fuel flow between
the fuel flow demand and the HP pump delivery at low power
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engine operation, with the fuel flow demand being signifi-
cantly less than that delivered by the HP pump. The HMU 18
will spill any surplus fuel back into a suitable position in the
fuel system. As shown, the location 22 is at the inlet of the HP
pump 14.

[0036] There are three main heat sources in the fuel system
2 of FIG. 1, namely:

[0037] 1.theheattransfer from engine oil at the FOHE 8;

[0038] 2. the heat generated during operation of the fuel
pumps 4, 14 the vast majority of which comes from the
HP pump 14; and

[0039] 3. the pressure energy released when the surplus
fuel is discharged from the fuel spill loop back into the
system 2.

[0040] All three heat sources vary with the engine opera-
tions, specifically decreasing when the engine operates from
high power to lower power. For illustration, taking the maxi-
mum engine operation conditions of a large civil engine as the
full capacity reference point, the heat from HP pump 14 and
spill pressure energy release reduces to ~20% at low engine
operation. The HP pump delivery flow reduces to ~66% at
low engine operations.

[0041] This disclosure proposes a new arrangement and
means for improving fuel icing protection by controlling the
heat generation within the fuel system.

[0042] A fuel delivery system 102 in accordance with the
disclosure is schematically shown in FI1G. 2. The components
shown in the system 102 of FIG. 2 are generally identified by
a reference numeral that is spaced by one hundred from that
used for the equivalent feature in FIG. 1, for example, LP
pump 104, Fuel tank 106 etc. For brevity, these features will
not be described again in relation to FIG. 2 except where
required to highlight the benefits of the disclosure.

[0043] The fuel delivery system 102 of FIG. 2 includes a
variable capacity HP pump means 114 instead of the conven-
tional gear/vane HP pump 14 of FIG. 1. A flow restrictor 126
is also included downstream of the variable HP pumping
means 114. The restrictor 126 has a varying geometrical
feature that can be adjusted during engine operations to vary
the degree of restriction to the fuel flow. The principle of the
new arrangement and method is to adjust the HP pump 114
delivery flow and/or the delivery pressure to control the heat
generated directly by the HP pump 114 and/or the pressure
energy released into fuel from fuel spill loop 120.

[0044] Examples of how the disclosure allows the tempera-
ture generation to be increased, to improve the fuel icing
protection, are provided below. Predicted results for low
power engine operation, obtained using the typical large civil
engine production configuration thermal and dynamical
model, are also provided.

Option 1: Increasing the delivery flow to the HMU 118 using
the variable capacity HP pumping means 114.

[0045] This leads to increased flow in the spill loop 120.
The heat input to the fuel is increased both by the increased
HP pump 114 power transfer and by the increased pressure
energy release from the higher spill flow from the spill loop
120.

[0046] Predictions suggest that both HP pumping means
heat and the pressure energy released by the spill flow to the
fuel would be more than doubled if the delivery flow of the
variable capacity HP pump 114 is set to correspond to that at
the maximum engine operation power level.
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Option 2: Increasing the HP pump delivery pressure by
increasing the friction resistance from the variable flow
restrictor 126.

[0047] The variable flow restrictor 126 can be, for example,
a modulated valve. By setting the valve to a small flow area
position, the pressure loss across the flow restrictor 126 is
increased. More mechanical power would be required from
the pumping means 114 to maintain a certain flow volume,
and more heat would also be released by the spill flow thathas
a higher pressure.

[0048] Predictions are the heat generation from the HP
pumping means 114 would increase only slightly, but that the
heat from the spill flow could be made to increase signifi-
cantly, to around five times that typically released during low
power engine operation.

[0049] It should be noted that the arrangement of this
option can beneficially be used in fuel system arrangements
where a conventional gear/vane pump 14 is used rather than
variable capacity pumping means 114.

Option 3: Combined use of the above two options.

[0050] Combiningthe previous two options allows delivery
flow from the variable capacity HP pump 114 to be set to
correspond to that at the maximum engine operation power
level, and the variable delivery pressure to be set at a level
significantly higher than that at normal low power engine
operation. In this case, the heat generated from the HP pump-
ing means 114 is predicted to increase to over three times that
generated at normal low power engine operation, to a value
approximately equal to that at maximum power engine opera-
tion. The heat generated from the spill flow from spill loop
120 also increases significantly as a function of the delivery
pressure level set, to approximately ten times that at normal
low power engine operation based on the settings outlined
above. This is higher than the heat generation from the con-
ventional fuel system arrangement at the maximum engine
operation.

[0051] The disclosure can be applied, for example accord-
ing to one of the above options, when the temperature sensor
124 detects that the fuel temperature has fallen below a pre-
determined threshold indicative of the possibility of fuel
icing.

[0052] The variable capacity HP pumping means 114 can
be of any suitable type available, either mechanically driven,
such as the variable displacement ring pump or variable pis-
ton pump, or electrically by electrical motor.

[0053] Adjustment of the delivery flow and pressure from
the variable capacity HP pumping means 114 can be imple-
mented, for example, as single step changes based on pre-
determined mapping of heat demand vs. fuel temperature rise
or can be made based on real time incremental changes using
targeted fuel temperature.

[0054] The variable restriction means 126 can be any suit-
able type device, achieving the function of varying the flow
resistance on demand, such as a modulated valve with the
flow area of the valve being adjustable from large area (low
flow resistance) to small area (high flow resistance). The
variation can be achieved by suitable actuation arrangement
either hydraulically or mechanically in smooth transition or
incremental step changes. The control of the variation may be
passive, or active based on engine operation parameters.
[0055] In the illustrated example the adjustments made on
flow and pressure are limited to remain below the maximum
designed pump capacity for the conventional fuel system. As
such, the benefits of this described embodiment are demon-
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strated in all engine operation conditions apart from operation
at maximum power. In principle, however, it is feasible to
design the variable capacity pumping means 114 to have a
capacity greater than that of the current pump 14, which
would also provide similar benefits at maximum power
engine operation conditions.

[0056] The spill flow discharge position 122 shown in FIG.
2 is located downstream of FOHE 108 and the filter 110,
similar to the discharge position 22 shown in FIG. 1. The
increased heat resulting from the disclosure improves fuel
icing protection only to units included located downstream of
the discharge/spill back position 122, so such a spill flow
arrangement would improve the icing protection of the pump-
ing means 114 and HMU 118 only, and the system 102 would
still rely on the bypass arrangement 112 for preventing FOHE
108 and filter 110 blockage.

[0057] However, alternative discharge positions 122', 122"
of the spill flow could be provided further upstream in the
system 102 by increasing the length of the spill loop 120,
120". This is illustrated using broken lines in FIG. 2. For
example, a discharge position 122' between the FOHE 108
and the filter 110 would increase fuel icing protection to the
filter 110, and an outlet 122" at the inlet to FOHE 108 would
provide increased fuel temperature upstream of both the
FOHE 108 and filter 110. It should be understood, therefore,
that moving the discharge position 122, 122', 122" further
upstream leads to improved fuel icing protection of more
units in the system 102.

[0058] Lengthening the spill loop 120, 120", 120" may
reduce the temperature of the fuel and/or the flow energy at
the discharge point 122, 122, 122", lessening the protection
that would otherwise be provided to the HMU 118. Although
this may be undesirable in some operating conditions, the
improved overall level of heat generation provided by the
disclosure means that a useful temperature increase can still
be expected in most cases even when the disclosure is used to
protect the entire system 102.

[0059] It may be possible to incorporate a spill loop 120"
with multiple discharge points 122, 122', 122", along with
some means of selecting a particular discharge point, such as
a series of valves. This would provide the possibility of select-
ing a fuel discharge point 122, 122', 122" that is most appro-
priate to any particular ambient conditions and/or engine
operating state to provide a further level of control of fuel
temperature within the system 102.

[0060] The variable restriction means 126 is shown in FIG.
2 as a separate component located downstream of the variable
capacity HP pumping means 114. Possible alternative means
of increasing the heat generation could be to increase the
internal leakage of the variable capacity HP pumping means
114 and to maintain the same pumping output flow by embed-
ding the variable restriction means 126 within the pump 114.
This would tend to worsen pump performance/efficiency and
hence increase pumping heat generation.

[0061] The heat generation from pumping means has typi-
cally been seen as a parasitic loss which should be minimised
within a fuel delivery system 2. The disclosure instead makes
use of this commonly unwanted feature to adjust the heat
generation associated with the energy transfer.

[0062] The disclosure arose following investigations aimed
towards increasing fuel temperature for fuel icing protection,
so the description tends to focus on this operation. However,
it will be clear to all skilled in the area that the variable
capacity pumping could also be used to reduce the amount of
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spill flow and hence reduce the heat input into fuel during hot
or warm day engine operations. As discussed, fuel delivery
systems typically incorporate a pump with excess capacity
leading to surplus fuel demand, and fuel spill, even at high
power operations. This surplus flow could be reduced using
variable capacity pumping means, and/or the pressure of the
flow could be reduced, for example by expanding a variable
flow restrictor, to reduce the heat generated in the system. A
longer fuel spill loop, to a discharge point further upstream in
the system, could also help to reduce the maximum fuel
temperature. A spill loop with a plurality of selectable dis-
charge points would provide flexibility to lengthen the spill
loop as required.

[0063] Cooler fuel during hot/warm day engine operations
would lead to decreased fuel lacquering etc and hence
improve the fuel system reliability. Together with the pro-
posed means of adjusting fuel flow and pressure during cold
operations as described above, the disclosure thus provides a
whole engine solution to cover the whole engine operation
envelope.

What is claimed is:

1. A fuel delivery system comprising a pump, a fuel meter-
ing device located downstream of the pump, and a fuel spill
loop from the fuel metering device to a discharge point at a
location upstream of the pump; wherein the fuel metering
device regulates the fuel flow to a combustor and directs
surplus fuel delivered by the pump through the fuel spill loop,
and wherein means are provided for controlling one or more
of the pressure and volume of the fuel flow delivered to the
fuel metering device independently of the engine operating
conditions.

2. The fuel delivery system as claimed in claim 1, wherein
the pump comprises a variable capacity pump to control the
volume of fuel delivered to the fuel metering device.

3. The fuel delivery system as claimed in claim 1, further
comprising a variable flow restrictor to control the pressure of
the fuel flow delivered to the fuel metering device.

4. The fuel delivery system as claimed in claim 3, wherein
the variable flow restrictor is located downstream of the
pump.

5. The fuel delivery system as claimed in claim 3, wherein
the variable flow restrictor is integral with the pump.

6. The fuel delivery system as claimed in claim 1, further
comprising a filter located upstream of the pump, wherein the
discharge point of the fuel spill loop is at a location upstream
of the filter.

7. The fuel delivery system as claimed in claim 1, further
comprising a heat exchanger located upstream of the pump,
wherein the discharge point of the fuel spill loop is at a
location upstream of the heat exchanger.

7. fuel delivery system as claimed in claim 7, wherein the
heat exchanger is a fuel and oil heat exchanger.

9. The fuel delivery system as claimed in claim 1, wherein
the discharge point of the fuel spill loop is at a location
immediately upstream of the heat exchanger.

1. fuel delivery system as claimed in claim 1, wherein a the
fuel spill loop comprises a plurality of discharge points, and
wherein means are provided for selecting one of said plurality
of discharge points.

11. The fuel delivery system as claimed in claim 1, further

comprising a temperature sensor for sensing the temperature
of the fuel.
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11. fuel delivery system as claimed in claim 11, wherein a
plurality of temperature sensors are provided at spaced loca-
tions within the system.

13. A method of controlling the temperature of fuel in a fuel
delivery system, the method comprising controlling one or
more of the pressure and volume of fuel flow delivered to a
fuel metering device independently of the engine operating
conditions.

14. The method as claimed in claim 13, wherein both the
pressure and the volume of the fuel flow are controlled.

15. The method as claimed in claim 13, wherein the pres-
sure of the fuel flow is controlled based on the temperature of
the fuel in the system.

16. The method as claimed in claim 13, wherein the volume
of the fuel flow is controlled based on the temperature of the
fuel in the system.
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17. The method as claimed in claim 13, wherein the fuel
delivery system comprises a pump, a fuel metering device
located downstream of the pump, and a fuel spill loop from
the fuel metering device to a discharge point at a location
upstream of the pump;

wherein the fuel metering device regulates the fuel flow to

a combustor and directs surplus fuel delivered by the
pump through the fuel spill loop, and

wherein means are provided for controlling one or more of

the pressure and volume of the fuel flow delivered to the
fuel metering device independently of the engine oper-
ating conditions.

18. The method of increasing the temperature of fuel in a
fuel delivery system as claimed in claim 13.

19. The method of decreasing the temperature of fuel in a
fuel delivery system as claimed in claim 13.
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