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TOTAL AIR TEMPERATURE PROBE
WITH EFFICIENT PARTICLE PASS THROUGH

ABSTRACT
Total air temperature (TAT) probes are typically positioned outside an aircraft fuselage or at an
engine inlet, and thus icing conditions can be problematic for the accuracy of TAT
measurements. The present TAT probe includes a housing having inner surfaces defining an
airflow passage, a first section of the airflow passage of the housing having an airflow inlet
scoop with a first cross-sectional area and an inertial separation bend downstream of the airflow
inlet scoop, wherein the airflow passage is configured to be substantially straight; and a second
section of the airflow passage of the housing having a main exit channel and an elongated outlet
with a second cross-sectional area, wherein the airflow passage is contoured to direct particle
deflections to the elongated outlet, wherein the second section is downstream from the first

section, and wherein the first cross-sectional area is greater than the second cross-sectional area.
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TOTAL AIR TEMPERATURE PROBE
WITH EFFICIENT PARTICLE PASS THROUGH

BACKGROUND
10001] Safe and efficient aircraft operation requires accurate temperature measurements.

Total air temperature (TAT) probes, typically positioned outside the fusclage or at the engine
inlet, measure the maximum air temperature attained by converting the kinctic cnergy of the
surrounding airstream to thermal energy. TAT probes stagnate the surrounding f{rec stream
airflow to measure the static air temperature and the resulting adiabatic rise in temperature.
Aircraft operators use this measurement and values derived therefrom for, among other things.
truc air speed caleulations and fuel burn monitoring.
{0002] lcing conditions can be problematic for the accuracy of TAT measurcments.
During in flight icing conditions, solid particles, ice crystals, ice particles, and/or water droplets
can accumulate on the sensing element within the probe, resulting in crroncous measurements.
Conventional TAT probe designs use streamlined airflow passages and an incrtial separation
bump to prevent these particles from accumulating on the sensing clement; however, these
airflow geometries create impact surfaces for ingested particles. Impact surfaces  cause
deflection. fracturing, and small particle generation that increase the likelihood of accumulation
on the sensing clement and, as a result, measurement crror. Additionally, more accurate TAT
measurcments may be necessary to meet rising aircraft cost and performance demands.

SUMMARY
[0003] In onc embodiment, a total air temperature probe includes a housing having inner
surfaces defining an airflow passage, a first scction of the airflow passage of the housing having
an airflow inlet scoop with a first cross-sectional arca and an incrtial separation  bend
downstream of the airflow inlet scoop, whercin the airflow passage is configured to be
substantially straight; and a sccond section of the airflow passage of the housing having a main
exit channel and an elongated outlet with a second cross-sectional area. wherein the airflow
passage is configured to be contoured to dircet particle deflections to the clongated outlet.
wherein the second section is downstream from the first section, and wherein the first cross-
scctional arca is greater than the second cross-scctional arca.
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[0004] In another embodiment, a total air temperature probe includes a housing having inner
surfaces defining an airflow passage, a strut connected to and configured to support the housing,
a main exit channel formed in the housing, a mouth portion of the main exit channel having a
first cross-sectional area defined by an upper portion of an inertial separation bend and a upper
portion of a lower exit channel wall, and a throat portion of the of the main exit channel having a
second cross-sectional area defined by a lower portion of the inertial separation bend and a lower
portion of the lower exit channel wall, wherein the first cross-sectional area is greater than the
second cross-sectional area.
BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1A is a front-facing perspective view of a total air temperature (TAT) probe.
[0006] FIG. 1B is a rear-facing perspective view of the TAT probe shown in FIG. 1A.
[0007] FIG. 1C is a front view of the TAT probe shown in FIG. 1A.

[0008] FIG. 2 is a cross-sectional view of the TAT probe showing particle trajectories
therein, taken along line 2-2 of FIG. 1C.

[0009] FIG. 3A is a partial cut away view of a prior art TAT probe.

[0010] FIG. 3B is arear view of the prior art TAT probe in FIG. 4A.

[0011] FIG. 4A is a cross-sectional view of the prior art TAT probe of FIGS. 3A and 3B

showing particle trajectories therein.
[0012] FIG. 4B is a cross-sectional view of a second prior art TAT probe showing

particle trajectories therein.

DETAILED DESCRIPTION
[0015] FIG. 1A is a front-facing perspective view of total air temperature (TAT) probe
10. FIG. 1B is a rear-facing perspective view of TAT probe 10 shown in FIG. 1A. FIG. 1Cis a
front view of TAT probe 10 shown in FIG. 1A. TAT probe 10 includes housing 12, strut 14,
mounting region 16, mounting flange 18, electronics housing 20, inlet scoop 22, elongated outlet

24, and external air passage 26. Housing 12 is connected to strut 14. Strut 14 is connected to
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housing 12 and mounting region 6. Mounting region 16 is connccted to strut 14 and mounting
flange 18. Mounting flange 18 is connected to mounting region 16 and clectronics housing 20,
Inlet scoop 22 is positioned at the front end of housing 12. Elongated outlet 24 is positioned at

ge 26 is positioned between housing 12 and strut

o

the rear end of housing 12. External air passa
14.

[0016] Housing 12 defines an airflow passage within TA'l probe 10 having an inlet at
inlet scoop 22 and an outlet at clongated outlet 24. Air enters TAT probe 10 at inlet scoop 22 and
a portion of the entering air exits at clongated outlet 24, Elongated outlet 24 provides a larger
outlet than conventional TAT probes to ensure that particles are expelled rather than deflected or
fracturcd. Strut 14 supports housing 12 and connects to mounting region 16, Mounting region 16
connects strut 14 to mounting flange 18, Mounting flange 18 connects to clectronics housing 20
and connects TAT probe 10 to the aircraft. Electronics housing 20 contains the clectronic
cquipment.

{0017] FIG. 2 is a cross-scctional view TAT probe 10 taken along line 2-2 of FIG. 1C
and showing airflow particle trajectories therein. TAT probe 10 includes housing 12, strut 14,
mounting region 16, mounting flange 18§, clectronics housing 20, inlet scoop 22, elongated outlet
24, external air passage 26, airflow inlet channel 28 (which includes upper wall 28U and lower
wall 281.). main air exit channel 30 (which includes upper exit channel wall 36U and lower exit
channel wall 301.), sensor flow channel 32 (which includes front wall 321 and rear wall 32R),
inertial separation bend 34, bleed ports 36, sensing element 38, sensing clement housing 40, and
exit ports 42. Also shown in FIG. 2 arc scctions Sy and S»; particle trajectories Py, Pa, and Pj;
airflow axis line L., and longitudinal axis line Lo, and angle 0.

[0018] Housing 12 is connected to strut 14, Strut 14 is connected to housing 12 and

gion 16. Mounting rcgion 16 is connccted to strut 14 and mounting flange 8.

=
o o

mounting re
Mounting flange 18 is connected to mounting region 16 and electronics housing 20. Inlet scoop
22 is positioned at the front end of housing 12 in section Sy, Elongated outlet 24 is positioned at
the rear end of housing 12 in section Sa.

[0019] Airflow inlet channel 28 is positioned within section Sy of housing 12 and has a
first end at inlet scoop 22 and a sccond end at inertial separation bend 34, Upper wall 28U of
airflow inlet channel 28 is connected to inlet scoop 22 and upper exit channel wall 30U of main

air exit channel 30. Lower wall 28L of airflow inlet channel 28 is connected to inlet scoop 22
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and incrtial scparation bend 34. Inertial separation bend 34 is positioned within scction §y of
housing 12 and is connccted to external air passage 26, lower wall 281, and front wall 32F of
sensor {low channel 32. Bleed ports 36 arc positioned within incrtial scparvation bend 34,
External air passage 26 is positioned between housing 12 and strut 14 and is connected 1o
housing 12, strut 14, inertial separation bend 34, and blced ports 306.

j0020] Main air ¢xit channel 30 is positioned within section S; of housing 12 and has a
first end at inertial separation bend 34 and a second end at elongated outlet 24, Upper exit
channel wall 30U of main air exit channel 30 is connected to elongated outlet 24 and upper wall
28U. Lower cxit channcl wall 301 of main air exit channel 30 is connected to elongated outlet 24
and rear wall 32R of sensor flow channel 32.

[0021] Sensor flow channel 32 is positioned at the lower end of inertial separation bend
34 and at the lower end of lower exit channel wall 301, Front wall 32F of sensor flow channel 32
is connected Lo inertial separation bend 34. Rear wall 32R of sensor flow channel 32 is connected
1o lower exit channel wall 301, of main air exit channel 30. The upper portion of sensor flow
channel 32 is positioned generally along longitudinal axis line .. Longitudinal axis line Lo
forms angle 0 with airflow axis line L, which represents the direction of travel of free stream
airflow. In one embodiment, angle 8 can be 120 degrees. Sensing element 38 and sensor housing
40 arc positioned within sensor flow channel 32. I:xit ports 42 are positioned in strut 14 and are
connected o sensor flow channel 32,

[0022] Free stream airtlow enters TAT probe 10 at inlet scoop 22 and proceeds along
airflow inlet channel 28 to inertial separation bend 34, Incrtial separation bend 34 separates the
airflow from airflow intet channel 28 so that one portion of the airflow procecds 1o main air exit
channel 30 and another portion of the airflow continucs 1o sensor flow channel 32, The portion
of the airflow proceeding to main air exit channel 30 is then expelled from clongated outlet 24.
The portion of the airflow entering sensor flow channel 32 engages with sensing clement 38, The
temperature of this airflow portion can be measured by sensing clement 38 before being expelled
from TA'T probe 10 at exit ports 42.

[0023] In section §; of TAT probe 10, free stream air enters inlet scoop 22 and procceds
along airflow inlet channel 28 to inertial separation bend 34. Upper wall 28U and lower wall 281
of airflow inlet channel 28 are configured to be substantially parallel. Inertial separation bend 34

remains substantially {lat with respect to lower wall 281, rather than ramping toward upper wall
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28U or acting as an air bump. This airflow geometry in scction S; ensures that any solid
particles, ice crystals, or ice particles entering airflow inlet channel 28 are less likely to deflect or
fracture because there are fewer impact surfaces, while also separating the airflow path to
proceed to main air exit channel 30 and sensor flow channel 32, Minimizing deflections and
fracturcs of these particles decreases the likelihood of particle aceretion on sensing clement 38 of
TAT probe 10, thereby decreasing the likelihood of temperature measurement ciror. Particle
trajectories Py, Py, and Pj illustrate efficient particle pass through for TAT probe 10, avoiding
collision with any of the internal surfaces of airflow inlet channcel 28 in section S.

[0024] In section Sy of TAT probe 10, inertial separation bend 34 diverts one portion of
the airflow from airflow infet channel 28 to main air cxit channel 30 and another portion to
sensor flow channel 32, Upper exit channel wall 30U and lower exit channel wall 301 of main
exit channel 30 are contourcd to direct particle deflections to elongated outlet 24. The cross-
sectional area defined by upper exit channel wall 30U and lower exit channet wall 301 decreasces
in the direction of clongated outlet 24. The cross-sectional arca defined by incrtial scparation
bend 34 and lower exit channel wall 30L decreases in the direction of mounting flange 18 until
reaching wall the upper portion of rear wall 32R. The gecometry of upper exit channel wall 30U
and lower exit channel wall 301 directs particle deflections to clongated outlet 24. This geometry
also ensures that there is proper restriction on clongated outlet 24 and air stagnation in main air
exit channel 30 to facilitate scparation of the airflow at inertial separation bend 34. As in Section
Sy, particle trajectories Py, P2, and P avoid collision with any of the internal surfaces of main air
exit channel 30 in section S;. The airflow gecometrics of sections Sy and S; minimize the
likelihood of particle deflections and fracturing and, thus, temperature measurement crror in
TAT probe 10.

10025] FIG. 3A is a partial cut away view of prior art TA'L probe 100, FIG. 3B is a rear
view of prior art TAT probe 100 in FIG. 3A. Prior art TAT probe 100 includes housing 112, strut
114, mounting flange 118, electronics housing 120, inlet scoop 122, outlet 124, external air
passage 126, airtlow inlet channel 128 (which includes upper wall 128U and inlet flow ramp
128R), main air exit channel 130 (which includes air bump 1308 and lower exit channel wall
1301.), sensor flow channel 132, inertial separation bump 134, bleed ports 136, sensing clement
138, scnsing clement housing 140, and exit ports 142, Also included in FIG. 3A is free stream

airflow A,
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[0026] Housing 112 is connected to strut 14, Strut 114 is connected to housing 112 and
mounting flange 118. Mounting flange 118 is connected to strut 114 and clectronics housing 120.
Inlet scoop 122 is positioned at the front end of housing 112. Outlet 124 is positioned at the rear
end ol housing 112, Airflow inlct channel 128 is positioned within housing 112 and has a first
end at inlet scoop 122 and a second end at inertial separation bump 134, Upper wall 128U of
airflow inlet channel 128 is connected to inlet scoop 122 and air bump 1308 of main air exit
channel 130. Inlet flow ramp 128R of airflow inlet channel 128 is connected to inlet scoop 122
and to inertial separation bump [34. Inertial separation bump 134 is positioned within housing
112 and is connected to inlet flow ramp 128R. Bleed ports 136 arc positioned within inertial
separation bump 134, External air passage 126 is positioned between housing 112 and strut 114
and is connccted to housing 112, strut 114, inertial scparation bump 134, and bleed ports 136.
Main air exit channel 130 is positioned within housing 112 and has a f{irst end at inertial
scparation bump 134 and a second end at outlet 124, Air bump 130B of main air exit channel
130 is connected to outlet 124 and upper wall 128U, Lower lip 1301 of main air exit channel 130
is connected to outlet 124 and sensor flow channel 132, Sensor [Tow channel 132 is positioned at
the lower end of inertial separation bump 134 and at lower lip 1301, of main air exit channel 130.
Sensing element 138 and sensor housing 140 arc positioned within sensor flow channel 132 Exit
ports 142 arc positioned in strut 114 and are connected 1o sensor flow channel 132.

10027] Free stream airflow A cnters prior art TAT probe 100 at inlet scoop 122 and
proceeds along airflow inlet channel 128 to inertial separation bump 134. Both lower inlet flow
ramp 28R and inertial separation bump 134 angle upward toward upper inlet flow wall 28U,
constricting airflow A in airflow inlet channel 128, Inertial separation bump 134 separates
airflow A so that one portion of airflow A procceds to main air exit channel 130 and another
portion of airflow A continues to sensor {flow channcl 132, The portion of airflow A proceeding
to main air exit channel 130 travels around air bump 1308 and over lower lip 1301 and is then
expelled from outlet 124. The portion of airflow A cntering sensor flow channel 132 cngages
with sensing clement 138, The temperature of this airtflow portion can be measured by sensing
clement 138 before being expelled from TAT probe 100 at cxit ports 142, Airflow A is
constricted as airflow inlet channel 128 narrows and at air bump 1308 in main air ¢xit channel

130.
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[0028] FIG. 4A is a cross-sectional view of prior art TA'I probe 100 shown in in FIGS.
3A and 3B including particle trajectories therein. Prior art TAT probe 100 includes housing 112,
strut 14, inlet scoop 122, outlet 124, airflow inlet channel 128 (which includes upper wall 128U
and inlet flow ramp 128R), main air exit channel 130 (which includes air bump 1303 and lower
exit channel wall [30L), sensor flow channe! 132, and inertial separation bump 134, Also
included in FIG. 4A are particle trajectories Py, Py, and P3. As illustrated by particle trajectories
Py, Py, and Ps. inlet flow ramp 128R, incrtial separation bump 134, air bump 1308, and over
lower lip 130L can act is impact surfaces for solid particles, ice crystals, or ice particles causing
deflection and fracturing thereof. Particle trajectory Py collides with air bump 130B and deflects
toward the sensing clement. Particle trajectorics P2 and Py strike and deflect from inertial
separation bump 134 and upper wall 128U, Such collisions increase the likelihood of particles
accumulating at the sensing clement.

[0029] FIG. 4B is a cross-scctional view of prior art TAT probe 200 showing particle
trajectories therein, Prior art TA'T probe 200 includes housing 212, strut 214, inlet scoop 222,
outlet 224, airflow inlet channct 228 (which includes upper wall 228U and lower wall 2281.),
main air exit channel 230 (which includes upper exit channel wall 230U and lower exit channel
wall 230L), sensor flow channel 232, and inertial scparation bump 234, Free stream airflow
enters prior art TAT probe 200 at inlet scoop 222 and directed along airflow inlet channel 228 to
inertial separation bump 234. Both lower inlet flow ramp 228R and incrtial separation bump 234
ramp upward toward upper inlet flow wall 228U, Incrtial separation bump 234 scparates the
airflow from airflow inlet channel 228 so that one portion of the airflow procceds to main air exit
channcl 230 and another portion of the airflow continues to sensor flow channel 232, Particle
trajectories Py, Pq, and Py illustrate that upper wall 228U can act as hmpact surfaces for solid
particles. ice crystals, or ice particles causing dellection and fracturing thercof. Particle
trajectorics Py, P2, and P3 strike and collide with upper exit channcel wall 230U and deflect in in
the dircetion of sensor flow channel 232, increasing the likelihood of measurement crror due to

particle accretion at the sensing clement.

{0030} Discussion of Possible Embodiments
[0031] The following are non-cxclusive deseriptions of possible embodiments of the

present invention.
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10032] A total air temperature probe according to an exemplary embodiment of this
disclosure, among other possible things, includes a housing having inncr surfaces defining an
airflow passage, a first section of the airflow passage of the housing having an airflow inlet
scoop with a first cross-sectional arca and an incrtial separation bend downstream of the airflow
inlet scoop. wherein the airflow passage is configured to be substantially straight, and a second
scction of the airflow passage of the housing having a main exit channel and an clongated outlet
with a second cross-scctional arca, wherein the airflow passage is contoured to dircet particle
deflections to the elongated outlet, wherein the second section is downstream from the first
section, and wherein the first cross-sectional arca is greater than the second cross-sectional arca.
[0033] The total air temperature probe of the preceding paragraph can optionally include,
additionally and/or alternatively, any one or more of the following featurcs, configurations
and/or additional components:

[0034] The total air temperature probe further comprising a strut connected to and
configured to support the housing, a sensor flow passage formed in the strut, and a total air
temperature sensor positioned in the sensor flow passage.

{0035] The total air temperature probe wherein a portion of the sensor flow passage
extends longitudinally along an axis, that is oriented to form an angle 0 with the airflow passage

of the first section.

[0036] The total air temperature probe wherein the angle 0 is between 115 and 145
degrees.
[0037] The total air temperature probe wherein the total air temperature scnsor is

configured to measure a total air temperature of an airflow through the sensor flow passage.
[0038] The total air temperature probe wherein the total air temperature probe is mounted

to an airerail surface.

[0039] The total air temperature probe wherein the clongated outlet is obround.
[0040] A total air temperature probe includes a housing having inner surfaces defining an

airflow passage, a strut connected to and configured to support the housing, a main exit channel
formed in the housing, a mouth portion of the main exit channel having a first cross-sectional
arca defined by an upper portion of an inertial separation bend and a upper portion of a lower
exit channel wall, and a throat portion of the of the main exit channel having a second cross-

sectional arca defined by a lower portion of the inertial separation bend and a lower portion of
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the lower exit channel wall. wherein the first cross-scctional arca is greater than the sccond
cross-scetional area.

[0041] The total air temperature probe of the preceding paragraph can optionally include,
additionally and/or alternatively, any one or more of the following features, configurations
and/or additional componcnts:

j0042] The total air temperature probe further comprising an inertial separation bend

within the airflow passage.

[0043] The total air temperature probe further comprising an external air passage.
[0044] The total air temperature probe wherein the inertial scparation bend includes

bleed ports.

[0045] The total air temperature probe wherein the external air passage is configured 1o
be in [Tuid connection with the bleed ports and the inertial separation bend.

[0046] The total air temperaturce probe wherein the lower exit channel wall and an upper
exit channel wall of the main exit channel arc contoured to direct particles to an elongated outlet.
[0047] While the invention has been described with reference o an  excmplary
embodiment(s), it will be understood by those skilled in the art that various changes may be
madec and cquivalents may be substituted for elements thercof without departing from the scope
of the invention. In addition, many modifications may be made to adapt a particular situation or
material 1o 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.
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CLAIMS:

1. A total air temperature probe comprising:
a strut;
a housing defining an airflow passage, the housing having an inlet, an outlet, and
an inertial separation bend, a lower end of the housing being connected to the strut;
an airflow inlet channel positioned within a first section of the housing and having
a first end at the inlet and a second end at the inertial separation bend
downstream of the inlet, the airflow inlet channel including:
an upper wall; and
a lower wall having a first end connected to the inlet and a second
end connected to the inertial separation bend;
a sensor flow channel positioned at a lower end of the inertial separation
bend and extending to exit ports; and
a main air exit channel positioned within a second section of the housing
downstream from the first section and having a first end at the inertial
separation bend and a second end at the outlet, the main air exit channel
including:
an upper exit channel wall having a first end connected to the upper
wall of the airflow inlet channel and a second end connected
to the outlet; and
a lower exit channel wall having a first end connected to a rear wall
of the sensor flow channel and a second end connected to the
outlet;
wherein the upper wall and the lower wall of the airflow inlet channel are
configured to be substantially parallel, and an upper portion of the inertial
separation bend remains substantially flat with respect to the lower wall,
and
wherein a cross-sectional area defined by the upper exit channel wall and the lower

exit channel wall decreases in the direction of the outlet.

10
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2. The total air temperature probe of claim 1, further comprising:

a total air temperature sensor positioned in the sensor flow channel.

3. The total air temperature probe of claim 1, wherein a portion of the sensor flow
channel extends longitudinally along an axis that is oriented to form an angle 6 with the

airflow inlet channel.

4, The total air temperature probe of claim 3, wherein the angle 0 is between 115 and
145 degrees.

5. The total air temperature probe of claim 4, wherein the total air temperature sensor
is configured to measure a total air temperature of an airflow through the sensor flow

channel.

6. The total air temperature probe of claim 5, wherein the total air temperature probe

is mounted to an aircraft surface.

7. The total air temperature probe of any one of claims 1 to 6, wherein the elongated

outlet is obround.

8. The total air temperature probe of claim 1, further comprising an exteral air
passage positioned between the housing and the strut and connected to the inertial

separation bend.

9. The total air temperature probe of claim 8, wherein the inertial separation bend

includes bleed ports.

11
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10.  The total air temperature probe of claim 9, wherein the external air passage is

configured to be in fluid connection with the bleed ports and the inertial separation bend.

11.  The total air temperature probe of claim 1, wherein the lower exit channel wall and
the upper exit channel wall of a main air exit channel are contoured to direct particles to

the outlet and facilitate separation of airflow at the inertial separation bend.

12
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