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Description

BACKGROUND OF THE INVENTION

[0001] Turbine engines, and particularly gas or com-
bustion turbine engines, are rotary engines that extract
energy from a flow of combusted gases passing through
the engine onto a multitude of rotating turbine blades.
Gas turbine engines have been used for land and nautical
locomotion and power generation, but are most common-
ly used for aeronautical applications such as airplanes
or helicopters. In airplanes, gas turbine engines are used
for propulsion of the aircraft.
[0002] During operation of a turbine engine, the total
air temperature (abbreviated TAT, and also known as
stagnation temperature) can be measured by a specially
designed temperature probe mounted on the surface of
the aircraft or the interior walls of the turbine engine. The
probe is designed to bring the air to rest relative to the
aircraft; the air experiences an adiabatic increase in tem-
perature as it is brought to rest and measured, and the
total air temperature is therefore higher than the ambient
air temperature. TAT is an essential input for calculating
static air temperature and true airspeed.
[0003] Because TAT sensors are often mounted in
front of the turbine engine, they can be exposed to ad-
verse conditions including high Mach numbers and icing
conditions, as well as water and debris, which may affect
the reading provided by the sensor.
[0004] EP 2 607 872 and US7,845,222 describe ap-
paratuses for determining air temperature.

BRIEF DESCRIPTION OF THE INVENTION

[0005] According to the invention, a total air tempera-
ture sensor includes a nose having an airfoil cross section
with a leading edge and a trailing edge, a sensor housing
having a pass-through passage and the sensor housing
is spaced from and downstream of the trailing edge to
define a stagnation chamber between the trailing edge
and the sensor housing, a temperature sensor located
within the pass-through passage; and at least one inlet
to the stagnation chamber where air can enter the stag-
nation chamber and then flow out the pass-through pas-
sage, wherein an axial length of the airfoil cross section
is less than 0.5 times a total length of the total air tem-
perature sensor, and the pass-through passage compris-
es a converging inlet fluidly coupled to the stagnation
chamber and a diverging outlet fluidly coupled to the con-
verging inlet, wherein the temperature sensor is located
within the diverging outlet.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] In the drawings:

FIG. 1 is a schematic cross-sectional diagram of a
gas turbine engine for an aircraft with a total air tem-

perature sensor.

FIG. 2 is a perspective view of the total air temper-
ature sensor of FIG. 1.

FIG. 3 is a cross-sectional view of the total air tem-
perature sensor of FIG. 1.

FIG. 4 is a cross-sectional view of the total air tem-
perature sensor of FIG. 3 with air flows illustrated.

DESCRIPTION OF EMBODIMENTS OF THE INVEN-
TION

[0007] The described embodiments of the present dis-
closure are directed to a temperature sensor for an air-
craft turbine engine. It will be understood, however, that
the disclosure is not so limited and may have general
applicability within an engine, as well as in non-aircraft
applications, such as other mobile applications and non-
mobile industrial, commercial, and residential applica-
tions.
[0008] As used herein, the term "forward" or "up-
stream" refers to moving in a direction toward the engine
inlet, or a component being relatively closer to the engine
inlet as compared to another component. The term "aft"
or "downstream" used in conjunction with "forward" or
"upstream" refers to a direction toward the rear or outlet
of the engine or being relatively closer to the engine outlet
as compared to another component.
[0009] Additionally, as used herein, the terms "radial"
or "radially" refer to a dimension extending between a
center longitudinal axis of the engine and an outer engine
circumference.
[0010] All directional references (e.g., radial, axial,
proximal, distal, upper, lower, upward, downward, left,
right, lateral, front, back, top, bottom, above, below, ver-
tical, horizontal, clockwise, counterclockwise, upstream,
downstream, forward, aft, etc.) are only used for identi-
fication purposes to aid the reader’s understanding of the
present disclosure, and do not create limitations, partic-
ularly as to the position, orientation, or use of the disclo-
sure. Connection references (e.g., attached, coupled,
connected, and joined) are to be construed broadly and
can include intermediate members between a collection
of elements and relative movement between elements
unless otherwise indicated. As such, connection refer-
ences do not necessarily infer that two elements are di-
rectly connected and in fixed relation to one another. The
exemplary drawings are for purposes of illustration only
and the dimensions, positions, order and relative sizes
reflected in the drawings attached hereto can vary.
[0011] FIG. 1 is a schematic cross-sectional diagram
of a gas turbine engine 10 for an aircraft. The engine 10
has a generally longitudinally extending axis or centerline
12 extending forward 14 to aft 16. The engine 10 includes,
in downstream serial flow relationship, a fan section 18
including a fan 20, a compressor section 22 including a
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booster or low pressure (LP) compressor 24 and a high
pressure (HP) compressor 26, a combustion section 28
including a combustor 30, a turbine section 32 including
a HP turbine 34, and a LP turbine 36, and an exhaust
section 38.
[0012] The fan section 18 includes a fan casing 40 sur-
rounding the fan 20. The fan 20 includes a plurality of fan
blades 42 disposed radially about the centerline 12. The
HP compressor 26, the combustor 30, and the HP turbine
34 form a core 44 of the engine 10, which generates
combustion gases. The core 44 is surrounded by core
casing 46, which can be coupled with the fan casing 40.
A total air temperature (TAT) sensor 200 can be disposed
in the fan casing 40 as shown; however, this example is
not meant to be limiting and the TAT sensor 200 may be
positioned in other locations in the turbine engine 10.
[0013] A HP shaft or spool 48 disposed coaxially about
the centerline 12 of the engine 10 drivingly connects the
HP turbine 34 to the HP compressor 26. A LP shaft or
spool 50, which is disposed coaxially about the centerline
12 of the engine 10 within the larger diameter annular
HP spool 48, drivingly connects the LP turbine 36 to the
LP compressor 24 and fan 20. The spools 48, 50 are
rotatable about the engine centerline and couple to a
plurality of rotatable elements, which can collectively de-
fine a rotor 51.
[0014] The LP compressor 24 and the HP compressor
26 respectively include a plurality of compressor stages
52, 54, in which a set of compressor blades 56, 58 rotate
relative to a corresponding set of static compressor
vanes 60, 62 (also called a nozzle) to compress or pres-
surize the stream of fluid passing through the stage. In
a single compressor stage 52, 54, multiple compressor
blades 56, 58 can be provided in a ring and can extend
radially outwardly relative to the centerline 12, from a
blade platform to a blade tip, while the corresponding
static compressor vanes 60, 62 are positioned upstream
of and adjacent to the rotating blades 56, 58. It is noted
that the number of blades, vanes, and compressor stages
shown in FIG. 1 were selected for illustrative purposes
only, and that other numbers are possible.
[0015] The blades 56, 58 for a stage of the compressor
can be mounted to a disk 61, which is mounted to the
corresponding one of the HP and LP spools 48, 50, with
each stage having its own disk 61. The vanes 60, 62 for
a stage of the compressor can be mounted to the core
casing 46 in a circumferential arrangement.
[0016] The HP turbine 34 and the LP turbine 36 re-
spectively include a plurality of turbine stages 64, 66, in
which a set of turbine blades 68, 70 are rotated relative
to a corresponding set of static turbine vanes 72, 74 (also
called a nozzle) to extract energy from the stream of fluid
passing through the stage. In a single turbine stage 64,
66, multiple turbine blades 68, 70 can be provided in a
ring and can extend radially outwardly relative to the cen-
terline 12 while the corresponding static turbine vanes
72, 74 are positioned upstream of and adjacent to the
rotating blades 68, 70. It is noted that the number of

blades, vanes, and turbine stages shown in FIG. 1 were
selected for illustrative purposes only, and that other
numbers are possible.
[0017] The blades 68, 70 for a stage of the turbine can
be mounted to a disk 71, which is mounted to the corre-
sponding one of the HP and LP spools 48, 50, with each
stage having a dedicated disk 71. The vanes 72, 74 for
a stage of the compressor can be mounted to the core
casing 46 in a circumferential arrangement.
[0018] Complementary to the rotor portion, the station-
ary portions of the engine 10, such as the static vanes
60, 62, 72, 74 among the compressor and turbine section
22, 32 are also referred to individually or collectively as
a stator 63. As such, the stator 63 can refer to the com-
bination of non-rotating elements throughout the engine
10.
[0019] In operation, the airflow exiting the fan section
18 is split such that a portion of the airflow is channeled
into the LP compressor 24, which then supplies pressu-
rized air 76 to the HP compressor 26, which further pres-
surizes the air. The pressurized air 76 from the HP com-
pressor 26 is mixed with fuel in the combustor 30 and
ignited, thereby generating combustion gases. Some
work is extracted from these gases by the HP turbine 34,
which drives the HP compressor 26. The combustion
gases are discharged into the LP turbine 36, which ex-
tracts additional work to drive the LP compressor 24, and
the exhaust gas is ultimately discharged from the engine
10 via the exhaust section 38. The driving of the LP tur-
bine 36 drives the LP spool 50 to rotate the fan 20 and
the LP compressor 24.
[0020] A portion of the pressurized airflow 76 can be
drawn from the compressor section 22 as bleed air 77.
The bleed air 77 can be drawn from the pressurized air-
flow 76 and provided to engine components requiring
cooling. The temperature of pressurized airflow 76 en-
tering the combustor 30 is significantly increased. As
such, cooling provided by the bleed air 77 is necessary
for operating of such engine components in the height-
ened temperature environments.
[0021] A remaining portion of the airflow 78 bypasses
the LP compressor 24 and engine core 44 and exits the
engine assembly 10 through a stationary vane row, and
more particularly an outlet guide vane assembly 80, com-
prising a plurality of airfoil guide vanes 82, at the fan
exhaust side 84. More specifically, a circumferential row
of radially extending airfoil guide vanes 82 are utilized
adjacent the fan section 18 to exert some directional con-
trol of the airflow 78.
[0022] Some of the air supplied by the fan 20 can by-
pass the engine core 44 and be used for cooling of por-
tions, especially hot portions, of the engine 10, and/or
used to cool or power other aspects of the aircraft. In the
context of a turbine engine, the hot portions of the engine
are normally downstream of the combustor 30, especially
the turbine section 32, with the HP turbine 34 being the
hottest portion as it is directly downstream of the com-
bustion section 28. Other sources of cooling fluid can be,
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but are not limited to, fluid discharged from the LP com-
pressor 24 or the HP compressor 26.
[0023] In FIG. 2, the TAT sensor 200 is illustrated com-
prising an axial centerline 100, a fore edge 201, an aft
edge 202, a nose 300, and a sensor housing 400 spaced
apart and downstream from the nose 300. The TAT sen-
sor 200 may also include a cover plate 204 spanning the
nose 300 and sensor housing 400 as shown. In addition,
the nose 300 can have an airfoil cross section 302 (shown
in further detail in FIG. 3) having a leading edge 304 and
trailing edge 306 wherein the leading edge 304 can define
the fore edge 201. The TAT sensor 200 may also be
mounted to a suitable housing for attachment to the tur-
bine engine 10.
[0024] FIG. 3 illustrates a cross-sectional view of the
TAT sensor 200. The airfoil 302 can have a first height
310 at the leading edge 304 and a second height 312 at
the trailing edge 306; it is contemplated that the first
height 310 may be smaller than the second height 312,
and the nose height may increase continuously between
the first height 310 and second height 312. It is also con-
templated that the sensor housing 400 can include a third
height 414 near the aft edge; in non-limiting examples
the third height 414 may be greater than the second
height 312, or the third height 414 may be equal to the
second height 312 or first height 310.
[0025] The nose 300 can further include a first outer
surface 316, a hollow interior 318, and a chord length
308, and the trailing edge 306 of the airfoil 302 may be
truncated as shown. The sensor housing 400 can further
include an axial length 402, a second outer surface 406,
sidewalls 404, and a temperature sensor 203 positioned
between the sidewalls 404.
[0026] The TAT sensor 200 can have a total length 350
between the fore edge 201 and aft edge 202. It is con-
templated in a space-reducing configuration that the axial
length 308 of the nose 300 is less than 0.5 times the total
length 350 of the TAT sensor 200.
[0027] A stagnation chamber 410 having at least one
inlet 411 is defined in the region between the nose 300
and sensor housing 400. In addition, a pass-through pas-
sage 408 having a converging inlet 412 and diverging
outlet 413 is defined between the sidewalls 404 of the
sensor housing 400, where the converging inlet 412 in-
tersects the diverging outlet 413. The stagnation cham-
ber 410 is fluidly coupled to the converging inlet 412, and
the temperature sensor 203 is positioned within the di-
verging outlet 413 as shown.
[0028] In a region proximate the stagnation chamber
410, the first outer surface 316 of the nose 300 can form
a first angle of attack 315 with respect to the centerline
100, and the second outer surface 406 of the sensor
housing 400 can form a second angle of attack 415 with
respect to the centerline 100. It is contemplated that the
second angle 415 may be greater than the first angle 315
as shown; in one non-limiting example, the first angle
could be greater than or equal to 2.0 degrees while the
second angle could be greater than or equal to 10.0 de-

grees.
[0029] FIG. 4 illustrates the TAT sensor 200 of FIG. 3
along with a set of airflows 500; while the airflows 500
are illustrated moving in the same direction as the cen-
terline 100, there may also be an angle of attack between
the airflows 500 and the centerline 100. In operation, air
can move toward the leading edge 304, and at least a
portion of air can flow through the inlet 411 into the stag-
nation chamber 410 where it can be reduced in speed or
brought to rest relative to the TAT sensor 200. A portion
of air can also flow through the pass-through passage
408 by entering the converging inlet 412 and exiting the
diverging outlet 413, and the temperature sensor 203
can measure the total air temperature of the air in its
vicinity.
[0030] It can be appreciated that the size of the stag-
nation chamber 410 can be chosen such that water, ice,
and debris moving toward the TAT sensor 200 may flow
past the stagnation chamber 410 while air can flow into
the stagnation chamber 410 and be measured by the
temperature sensor 203, having the benefit of protecting
the sensor 203 within the sidewalls 404. In one non-lim-
iting example, the temperature sensor 203 was not im-
pinged by water or ice in airflows moving at speeds of
Mach 0.4 at an angle of attack of 5 degrees.
[0031] It should be further appreciated that other TAT
sensors known in the prior art can have longer axial
lengths or chord lengths; the reduced length of the TAT
sensor 200 can bring a number of benefits, including re-
ducing the thermal mass of the sensor 200 as well as
reducing a boundary layer heating error that can occur
as air flows along the nose outer wall 316 before encoun-
tering the temperature sensor 203. The smaller size of
the TAT sensor 200 can also decrease the thermal re-
sponse time of the temperature sensor 203 as well as
reducing the thermal envelope surrounding the TAT sen-
sor 200 in operation.
[0032] It should be understood that application of the
disclosed design is not limited to turbine engines with fan
and booster sections, but is applicable to turbojets and
turbo engines as well.
[0033] This written description uses examples to dis-
close the invention, including the best mode, and also to
enable any person skilled in the art to practice the inven-
tion, including making and using any devices or systems
and performing any incorporated methods. The patent-
able scope of the invention is defined by the claims, and
may include other examples that occur to those skilled
in the art.

COMPONENT LIST

[0034]

20 fan
22 compressor section
24 LP compressor
26 HP compressor
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28 combustion section
30 combustor
32 turbine section
34 HP turbine
36 LP turbine
38 exhaust section
40 fan casing
42 fan blades
44 core
46 core casing
48 HP spool
50 LP spool
51 rotor
52 HP compressor stages
54 HP compressor stages
56 LP compressor blades
58 HP compressor blades
60 LP compressor vanes
61 disk
62 HP compressor vanes
63 stator
64 HP turbine stages
66 LP turbine stages
68 HP turbine blades
70 LP turbine blades
71 disk
72 HP turbine vanes
74 LP turbine vanes
76 pressurized ambient air
77 bleed air
78 airflow
80 outlet guide vane assembly
82 airfoil guide vane
84 fan exhaust side
100 axial centerline
200 total air temperature sensor
201 fore edge
202 aft edge
203 temperature sensor
204 cover plate
300 nose
302 airfoil cross section
304 leading edge
306 trailing edge
308 chord length of airfoil
310 first height (of airfoil, LE)
312 second height
316 first outer surface
315 nose AOA
318 interior
350 total length of TAT sensor
400 sensor housing
402 axial length
404 sidewalls
406 second outer surface
408 pass-through passage
410 stagnation chamber
411 inlet

412 converging inlet
413 diverging outlet
414 third height
415 sensor housing AOA
500 airflows

Claims

1. A total air temperature sensor (200) comprising:

a nose (300) having an airfoil cross section (302)
with a leading edge (304) and a trailing edge
(306);
a sensor housing (400) having a pass-through
passage (408) and the sensor housing (400) is
spaced from and downstream of the trailing
edge (306) to define a stagnation chamber (410)
between the trailing edge (306) and the sensor
housing (400);
a temperature sensor (203); and
at least one inlet (411) to the stagnation chamber
(410) where air can enter the stagnation cham-
ber (410) and then flow out the pass-through
passage (408);
characterised in that:

an axial length (308) of the airfoil cross sec-
tion (302) is less than 0.5 times a total length
(350) of the total air temperature sensor
(200); and
the pass-through passage (408) comprises
a converging inlet (412) fluidly coupled to
the stagnation chamber (410) and a diverg-
ing outlet (413) fluidly coupled to the con-
verging inlet (412), wherein the temperature
sensor (203) is located within the diverging
outlet.

2. The total air temperature sensor (200) of claim 1
wherein the nose (300) has a truncated trailing edge
(306).

3. The total air temperature sensor (200) of claim 1 or
2, wherein the height (310) of the airfoil (302) is great-
er at the trailing edge (306) than the leading edge
(304).

4. The total air temperature sensor (200) of any pre-
ceding claim, wherein the height (310) of the airfoil
(302) increases from the leading edge (304) to the
trailing edge (306).

5. The total air temperature sensor (200) of any pre-
ceding claim, wherein the sensor housing (400) has
sidewalls (404) that are oriented at an angle (415)
greater than 2.0 degrees relative to an axial center
line (100).
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6. The total air temperature sensor (200) of any pre-
ceding claim wherein the converging inlet (412) in-
tersects the diverging outlet (413) at a position along
a cross-sectional axis of the total air temperature
sensor (200).

7. The total air temperature sensor (200) of any pre-
ceding claim, wherein the nose (300) has a hollow
interior (318).

Patentansprüche

1. Gesamtlufttemperatursensor (200), umfassend:

einen Bug (300), der einen Tragflächenquer-
schnitt (302) mit einer Vorderkante (304) und
einer Hinterkante (306) aufweist;
ein Sensorgehäuse (400), das einen Durchlauf-
durchgang (408) aufweist, und wobei das Sen-
sorgehäuse (400) von der Hinterkante (306) be-
abstandet und stromabwärts ist, um eine Stau-
kammer (410) zwischen der Hinterkante (306)
und dem Sensorgehäuse (400) zu definieren;
einen Temperatursensor (203); und
wenigstens einen Einlass (411) zu der Staukam-
mer (410), wo Luft in die Staukammer (410) ein-
treten und dann aus dem Durchlaufdurchgang
(408) herausströmen kann;
dadurch gekennzeichnet, dass:

eine axiale Länge (308) des Tragflächen-
querschnitts (302) weniger als das 0,5-fa-
che der Gesamtlänge (350) des Gesamt-
lufttemperatursensors (200) beträgt; und
der Durchlaufdurchgang (408) einen kon-
vergierenden Einlass (412), der mit der
Staukammer (410) fluidisch gekoppelt ist,
und einen divergierenden Auslass (413)
umfasst, der mit dem konvergierenden Ein-
lass (412) fluidisch gekoppelt ist, wobei sich
der Temperatursensor (203) innerhalb des
divergierenden Auslasses befindet.

2. Gesamtlufttemperatursensor (200) nach Anspruch
1, wobei der Bug (300) eine abgekürzte Hinterkante
(306) aufweist.

3. Gesamtlufttemperatursensor (200) nach Anspruch
1 oder 2, wobei die Höhe (310) der Tragfläche (302)
an der Hinterkante (306) größer als an der Vorder-
kante (304) ist.

4. Gesamtlufttemperatursensor (200) nach einem der
vorhergehenden Ansprüche, wobei die Höhe (310)
der Tragfläche (302) von der Vorderkante (304) zu
der Hinterkante (306) zunimmt.

5. Gesamtlufttemperatursensor (200) nach einem der
vorhergehenden Ansprüche, wobei das Sensorge-
häuse (400) Seitenwände (404) aufweist, die in ei-
nem Winkel (415) über 2,0 Grad relativ zu einer axi-
alen Mittellinie (100) ausgerichtet sind.

6. Gesamtlufttemperatursensor (200) nach einem der
vorhergehenden Ansprüche, wobei der konvergie-
rende Einlass (412) den divergierenden Auslass
(413) an einer Position entlang einer Querschnitts-
achse des Gesamtlufttemperatursensors (200)
durchschneidet.

7. Gesamtlufttemperatursensor (200) nach einem der
vorhergehenden Ansprüche, wobei der Bug (300)
einen hohlen Innenraum (318) aufweist.

Revendications

1. Capteur de température totale de l’air (200)
comprenant :

un nez (300) ayant une section transversale de
profil aérodynamique (302) doté d’un bord an-
térieur (304) et d’un bord postérieur (306) ;
un boîtier de capteur (400) ayant un passage
traversant (408) et le boîtier de capteur (400)
est espacé de et en aval du bord postérieur (306)
pour définir une chambre de stagnation (410)
entre le bord postérieur (306) et le boîtier de
capteur (400) ;
un capteur de température (203) ; et
au moins une entrée (411) vers la chambre de
stagnation (410) où l’air peut entrer dans la
chambre de stagnation (410) puis s’écouler hors
du passage traversant (408) ;
caractérisé en ce que :

une longueur axiale (308) de la section
transversale du profil aérodynamique (302)
est inférieure à 0,5 fois la longueur totale
(350) du capteur de température totale de
l’air (200) ; et
le passage traversant (408) comprend une
ouverture convergente (412) accouplée
fluidiquement à la chambre de stagnation
(410) et une sortie divergente (413) accou-
plée fluidiquement à l’ouverture convergen-
te (412), le capteur de température (203)
étant situé dans la sortie divergente.

2. Capteur de température totale de l’air (200) selon la
revendication 1, le nez (300) présentant un bord pos-
térieur tronqué (306).

3. Capteur de température totale de l’air (200) selon la
revendication 1 ou 2, la hauteur (310) du profil aé-
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rodynamique (302) étant supérieure au bord anté-
rieur (304) au niveau du bord postérieur (306).

4. Capteur de température totale de l’air (200) selon
l’une quelconque des revendications précédentes,
la hauteur (310) du profil aérodynamique (302) aug-
mentant depuis le bord antérieur (304) jusqu’au bord
postérieur (306).

5. Capteur de température totale de l’air (200) selon
l’une quelconque des revendications précédentes,
le boîtier de capteur (400) ayant des parois latérales
(404) qui sont orientées selon un angle (415) supé-
rieur à 2,0 degrés par rapport à une ligne centrale
axiale (100).

6. Capteur de température totale de l’air (200) selon
l’une quelconque des revendications précédentes,
l’ouverture convergente (412) coupant la sortie di-
vergente (413) à une position le long d’un axe en
coupe transversale du capteur de température totale
de l’air (200).

7. Capteur de température totale de l’air (200) selon
l’une quelconque des revendications précédentes,
le nez (300) ayant un intérieur creux (318).
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