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(57) Abrege/Abstract:
A device configured to prevent ice accumulation includes at least one wall defining a leading edge and a pneumatic passage

configured to recelve pressurized fluid. The device also includes at least one ejection port formed in at least one of the leading edge
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(57) Abrege(suite)/Abstract(continued):

and the at least one wall, the at least one gjection portion fluidly coupled to the pneumatic passage to receive the pressurized fluid
therefrom, the at least one gjection port configured to form fluid jets to divert liguid water droplets away from the leading edge of the
device.



CA 02933859 2016-06-23

SYSTEMS AND METHODS FOR PREVENTING ICE ACCUMULATION

ABSTRACT

A device configured to prevent ice accumulation includes at least one wall defining a leading

edge and a pneumatic passage configured to receive pressurized fluid. The device also

includes at least one ejection port formed in at least one of the leading edge and
one wall, the at least

the at ieast

one ejection portion fluidly coupled to the pneumatic passage to receive

the pressurized fluid therefrom, the at least one ejection port configured to form fluid jets to

divert liquid water droplets away from the leading edge of the device.
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SYSTEMS AND METHODS FOR PREVENTING ICE ACCUMULATION

FIELD OF INVENTION

[0001] The subject matter disclosed herein relates to vehicle sensors and, more specifically,

to systems to prevent ice accumulation on vehicle sensors.

BACKGROUND

[0002] Throughout operation, aircraft sensors or probes may accumulate unacceptable
amounts of ice, which may cause damage to engine or other component aft of the sensor due
to ice shedding events. Some known engine temperature sensors utilize some form of anti-
icing heat to prevent or {imit the size of ice accretion. However, electrical heating elements
may reduce the life span of the probes, and pneumatically anti-iced probes may utilize only a
fraction of available energy which can result in poor anti-icing.

[0003] Accordingly, it is desirable to provide system to improve anti-icing of vehicle sensors

or probes.

BRIEF DESCRIPTION

[0004) In one aspect, a device configured to prevent ice accumuiation is disclosed. The
device includes at least one wall defining a leading edge and a pneumatic passage configured
to receive pressurized fluid. The device also includes at least one ¢jection port formed in at
least one of the leading edge and the at least one wall, the at least one ejection portion fluidly
coupled to the pneumatic passage to receive the pressurized fluid therefrom, the at ieast one
gjection port configured to form fluid jets to divert liquid water droplets away from the
leading edge of the device.

{0005] In another aspect, a probe assembly that includes a base platform, a probe coupled to
the base platform, and a device coupled to at least one of the base platform and the prabe is
disclosed. The device is configured to be positioned in an airflow upstream of the probe and
to prevent ice accumnulation thereon and includes at least one wall defining a leading edge, a
pneumatic passage configured to receive pressurized fluid and at least one ejection port
formed in at least one of the leading edge and the at least one wall, the at least one ejection
portion fluidly coupled to the pneumatic passage to receive the pressurized fluid therefrom,
the at least one ¢jection port configured to form heated fluid jéts to divert liquid water

droplets away from the leading edge of the device.
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[0006] Also disclosed 1s an aircraft engine that includes a housing, a fan, a compressor and a
probe assembly disposed upstream of the compressor. The probe assembly includes a base
platform, a probe coupled to the base platform, and a device coupled to at least one of the
base platform and the probe, the device configured to be positioned in an airflow upstream of
the probe and to prevent ice accumulation thercon. The device includes at least one wall
defining a leading edge, a pneumatic passage configured to receive pressurized fluid, and at
least one ejection port formed in at least one of the leading edge and the at least one wall, the
at least one ejection portion fluidly coupled to the pneumatic passage to receive the
pressurized fluid therefrom, the at least one ejection port configured to form heated fluid jets

to divert liquid water droplets away from the leading edge of the device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The foregoing and other features, and advantages of embodiments are apparent from
the following detailed description taken in conjunction with the accompanying drawings in
which:

[0008] FIG. | is a cross-sectional view of an aircraft engine having probe assembly according
to one embodiment;

[0009] FIG. 2 is perspective view of the assembly shown tn FIG. 1;

[0010] FIG. 3 is a perspective view of an ice accumulation prevention device that may be
utilized with the assembly shown in FIGS. 1 and 2;

[0011] FIG. 4 is a plan view of the device shown in FIG. 3;

[0012] FIG. 5 is a plan view of an ice accumulation prevention device according to another
embodiment:

[0013] FIG. 6 is a perspective view of a probe assembly according to yet another
embodiment;

[0014] FIG. 7 is a perspective view of a probe assembly according to yect another
embodiment;

[0015) FIG. 8 is a perspective view of a probe assembly according to yet another
embodiment;

[0016] FIG. 9 is a perspective view of a probe asse-rnbly according to yet another
embodiment; and

[0017] FIG. 10 is a perspective view of a probe assembly according to yet another

embodiment.



CA 02933859 2016-06-23

DETAILED DESCRIPTION

[0018] FIG. 1 illustrates a portion of an aircraft engine 10 that generally includes a tan 12, a
[ow-pressure compressor 14, a high-pfessure compressor 16, an inner case 18, an outer case
20, and a sensor or probe assembiy 22 that includes an ice accumulation prevention device
24, '

[0019] In the illustrated embodiment, probe assembly 22 1s coupled to and extends through
outer case 20 into a cavity 26 formed between inner case 18 and outer case 20. Cavity 26 is
configured to direct an airflow 28 across probe assembly 22 to high-pressure compressor 16.
Probe assembly 22 is configured to measure a parameter of airflow 28 such as temperature.
Although ice accumulation prevention device 24 is illustrated with aircraft engine 10, device
24 may be utilized in various other locations of an aircraft or with other vehicles to prevent
ice accumulation on an object.

10020} With reference to FIG. 2, probe assembly 22 includes a base platform 30, pneumatic
connector 36, and electrical connector 32, a probe housing 34 that houses a probe element
(not shown), and ice accumulation reduction device 24. Base platform 30 is configured to
couple to a vehicle component such as engine outer case 20. Connector 32 provides a
conduit for an electrical or signal communication to the probe element such as an electrical
wire. Connector 36 provides a pneumatic connection to device 24, which receives a heated,
pressurized fluid (e.g., air) from a source such as the compressor section of engine 10. Probe
housing 34 is configured to couple to base platform 30, and the probe element is disposed
within probe housing 34 and configured to sense a parameter or condition of the air passing
thereby.

[0021] With reference to FIGS. 3 and 4, ice accumulation prevention device 24 is generally

wedge-shaped and is positioned upstream of probe housing 34 to form a probe assembly. As

such, airflow 28 passes over device 24 before probe housing 34. Device 24 generally
includes converging first and second walls 40, 42, a leading edge 44, a pneumatic passage 46
(FIG. 4), and onc or more ejection port 48. Pneumatic passage 46 is fluidly coupled to
pneumatic connector 36 and receives the heated, pressurized fluid therefrom.

[0022] Ejection ports 48 are formed in leading edge 44 and are fluidly coupled to passage 46
to receive the heated, pressurized air. In the illustrated embodiment, ports 48 are elongated
~ slots. However, ports 48 may have any suitable shape that enables device 24 to function as
described herein. For example, ports 48 may be circular. Ejection ports 48 are configured to
produce heated, pressurized fluid or air jets 50, and to direct jets 50 into air flow 28.

Accordingly, as illustrated in FI1G. 4, airflow 28 and water droplets contained therein are
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directed around walls 40, 42, thereby preventing the water droplets {rom contacting and
building up as ice on probe housing 34 or device 24. Moreover, the heated air heats leadings
edge 44, walls 40, 42, and/or other portions of device 24, which further prevents ice
accumulation thereon.

(0023] FIG. 5 illustrates an ice accumulation prevention device 124 that is similar to device
24 except it includes ejection ports 148 formed in first wall 40 rather than in leading edge 44.

[0024] FIG. 6 illustrates an arrangement where ice accumulation prevention device 24 is
coupled to base platform 30 in spaced relation to probe housing 34, FIG. 7 illustrates an
arrangement where device 24 is coupled to both base platform 30 and probe housing 34. As
such, portions of device 24 may have a shape that is complementary to a shape of probe
housing 34. In both FIGS. 6 and 7, a height H1 of device 24 is less than a height H2 of probe
housing 34. FIG. 8 illustrates an arrangement where H1 is equal to H2. FIG. 9 illustrates an
arrangement where probe assembly 22 does not include a probe housing 34. As such, device
24 1s disposed upstream of a probe element 52.

[0025] FIG. 10 illustrates a probe assembly 222 integrated with the features of the ice
accumulation prevention device. In the illustrated embodiment, pneumatic passage 46 and
ejection ports 48 are formed in probe housing 34. As such, a separate ice accumulation
prevention device 1s not required. As shown, probe housing 34 is generally airfoil or teardrop
shaped. However, probe housing 34 may have any suitable shape that enables probe
assembly 222 to function as described herein. For example, probe housing 34 may be wedge-
shaped or elliptical.

|0026] Described herein are systems and methods for controiling preventing ice
accumulation on an object such as a probe. An ice accumulation prevention device is
disposed upstream of a probe that may accumulate ice thereon. The device is fluidly coupled
to a fluid line to receive a heated, pressurized fluid such as air. The device includes ejection
ports formed therein, and the heated, pressurized air i1s forced through the ports to form
heated, air jets to divert liquid water droplets away from the leading edge of the device. Heat
1s transferred from the heated, pressurized fluid to portions of the device to prevent ice
accumulation thereon. Accordingly, the device prevents ice accumulation of the probe or
other object, which may cause damage to surrounding components during ice shedding
gvents.

[0027] While the disclosure has been described in detail in connection with only a limited
number of embodiments, it shouid be readily understood that the disclosure is not limited to

such disclosed embodiments. Rather, the disclosure can be modified to incorporate any
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number of variations, alterations, substitutions or cquivalent arrangements not heretofore
described, but which are commensurate with the spirit and scope of the disclosure.
Additionally, while various embodiments have been described, it is to be understood that
aspects of the disclosure may include only some of the described embodiments. Accordingly,

the disclosure is not to be seen as limited by the foregoing description, but s only limited by

the scope of the appended claims.
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CLAIMS:

1. A device configured to prevent ice accumulation, the device comprising:

at least one wall defining a leading edge;

a pneumatic passage configured to receive pressurized fluid; and

at least one ejection port formed in at least one of the leading edge and the at least one
wall, the at least one ejection portion fluidly coupled to the pneumatic passage to receive the
pressurized fluid therefrom, the at least one ejection port configured to form fluid jets to
divert liquid water droplets away from the leading edge of the device.

2. The device of claim 1, wherein the at least one wall includes converging first
and second walls

3. The device of claim 1, wherein the device is wedge-shaped or the device 1s
airfoil-shaped.

4. The device of claim 1, wherein the at least one ¢jection port i1s an elongated
slot.

5. The device of claim 1, wherein the at least one ejection port 1s formed in the
leading edge.

6. The device of claim 1, wherein the at least one ejection port is formed in the at
least one wall at a location that is not at the leading edge.

7. The device of claim 1, wherein the pneumatic passage is cdnﬁgured to recelve
heated, pressurized air, and the at least one ejection port is configured to form heated air jets.

8. A probe assembly comprising: |

a base platform;

a probe coupled to the base platform;

a device coupled to at least one of the base platform and the probe, the device
configured to be positioned in an airflow upstream of the probe and to prevent ice
accumulation thereon, the device comprising:

at least one wall defining a leading edge;

a pneumatic passage configured to receive pressurized fluid; and

at least one ejection port formed in at least one of the leading edge and the at least one
wall, the at least one ejection portion fluidly coupled to the pneumatic passage to receive the
pressurized fluid therefrom, the at least one ejection port configured to form heated tluid jets
to divert liquid water droplets away from the leading edge of the device.

9. The assembly of claim 8, wherein the device is wedge-shaped.

10.  The assembly of claim 8, wherein the device is airfoil-shaped.
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11.  The assembly of claim 8, wherein the at least one ejection port is an elongated
slot.

12.  The assembly of claim 8, wherein the at least one ejection port is formed in the
leading edge.

13.  The assembly of claim 8, wherein the at least one ejection port is formed in the

at least onc wall at a location that is not at the leading edge.
14.  The assembly of claim 8, further comprising a pneumatic connector coupled to

the base platform, the pneumatic connector fluidly coupled to the pneumatic passage.
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FIG. 10



5
. o r
. 4 / /
7, \\.
4
o\. 4 L
- '3 Z
’ \\ A Ly
4 ’ /
7 7,
g N A
(7 ”
r ’
5 A
2
A .
- -
v s Y/ .
-
7,
7,
A

9% SN AAAARANA N R R AR RN N RAN R AR




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - claims
	Page 10 - claims
	Page 11 - drawings
	Page 12 - drawings
	Page 13 - drawings
	Page 14 - drawings
	Page 15 - abstract drawing

