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(54) Conformal liner for gas turbine engine fan section

(57) A fan section (18) of a gas turbine engine (10)
includes a fan case structure (30) having a first coefficient
of thermal expansion. A fan blade (26) is arranged within
the fan case structure (30) and has a second coefficient
thermal expansion. A continuous ring-shaped liner (44)
surrounds the fan blade (26) and includes a third coeffi-
cient of thermal expansion that is substantially similar to
the second coefficient of thermal expansion and substan-

tially different than the first coefficient of thermal expan-
sion. An elastomeric adhesive (46) operatively connects
the liner (44) to the fan case structure (30). The adhesive
(46) is configured to accommodate diametrical change
in the liner (44) and maintain a desired radial tip clearance
(38) throughout various fan section operating tempera-
tures.
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Description

BACKGROUND

[0001] This disclosure relates to a fan section for a gas
turbine engine, and, in particular, a conformal liner for
the fan section.
[0002] One type of gas turbine engine includes a core
engine having compressor and turbine sections that drive
a fan section. The fan section includes circumferentially
arranged fan blades disposed within a fan case. The fan
section is subject to large temperature fluctuations
throughout engine operation. A minimized clearance
tight seal is desired between the tips of the fan blades
and the fan case throughout engine operation at the var-
ious operating temperatures.
[0003] One system has been proposed to accommo-
date thermal expansion and contraction in a fan section
having composite fan blades. The composite fan blades
are arranged within a composite liner of generally the
same material. Several pins at discrete circumferential
locations along the liner are used to support the liner
relative to a metallic fan case and permit the fan case to
expand and contract relative to the composite liner.

SUMMARY

[0004] A fan section of a gas turbine engine includes
a fan case structure having a first coefficient of thermal
expansion. A fan blade is arranged within the fan case
structure and has a second coefficient thermal expan-
sion. A continuous, ring-shaped liner surrounds the fan
blade and includes a third coefficient of thermal expan-
sion that is substantially similar to the second coefficient
of thermal expansion and substantially different than the
first coefficient of thermal expansion. A desired radial tip
clearance is provided between the liner and the fan blade.
An elastomeric adhesive operatively connects the liner
to the fan case structure. The adhesive is configured to
accommodate diametrical change in the liner and main-
tain the desired radial tip clearance throughout various
fan section operating temperatures.
[0005] In a further embodiment of any of the above,
the adhesive has a 300% elongation or greater.
[0006] In a further embodiment of any of the above,
the adhesive is silicone rubber.
[0007] In a further embodiment of any of the above,
the second coefficient of thermal expansion is greater
than the first coefficient of thermal expansion by at least
10 x 10-6/°F (18 x 10-6/°C).
[0008] In a further embodiment of any of the above,
the fan structure includes a composite fan case.
[0009] In a further embodiment of any of the above,
the fan case structure includes a honeycomb structure
operatively connected radially inward of and to the com-
posite fan case.
[0010] In a further embodiment of any of the above,
the fan case structure includes a composite septum in-

terconnecting the adhesive and the honeycomb.
[0011] In a further embodiment of any of the above,
the second and third coefficients of thermal expansion
are within 1 x 10-6/°F (1.8 x 10-6/°C) of one another.
[0012] In a further embodiment of any of the above,
the fan blade and the liner are constructed from the same
series aluminum alloy.
[0013] In a further embodiment of any of the above,
the desired radial tip clearance is about 0.030 inch at
-65°F (0.76 m at -54°C) ambient.
[0014] In a further embodiment of any of the above, a
rub strip is supported on and radially inward of the liner
between the liner and the fan blade.
[0015] A fan case structure includes a composite fan
case structure having a first coefficient of thermal expan-
sion. A continuous, ring-shaped liner has a second co-
efficient of thermal expansion that is substantially differ-
ent than the first coefficient of thermal expansion. The
second coefficient of thermal expansion is greater than
the first coefficient of thermal expansion by at least 10 x
10-6/°F (18 x 10-6/°C). An elastomeric adhesive opera-
tively connects the liner to the fan case structure. The
adhesive has a 300% elongation or greater. The adhe-
sive is configured to accommodate diametrical change
in the liner through various operating temperatures.
[0016] In a further embodiment of any of the above,
the composite fan case structure includes a structure
constructed from resin and at least one of carbon fibers
and fiberglass. The liner is an aluminum alloy.
[0017] In a further embodiment of any of the above,
the adhesive is silicone rubber.
[0018] In a further embodiment of any of the above, a
rub strip is supported radially inward from and by the
liner. The composite fan case structure includes a com-
posite septum interconnecting the adhesive to a honey-
comb structure that is supported by and radially inward
from a composite fan case.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The disclosure can be further understood by ref-
erence to the following detailed description when consid-
ered in connection with the accompanying drawings
wherein:

Figure 1 is a schematic, cross-sectional side view of
an example gas turbine engine.
Figure 2 is an enlarged, cross-sectional side view of
a fan case structure in a fan section of the gas turbine
engine shown in Figure 1.
Figure 3 is a further enlarged view of the fan case
structure shown in Figure 2.
Figure 4 is a schematic, cross-sectional end view to
the fan section.

DETAILED DESCRIPTION

[0020] An example gas turbine engine 10 is schemat-
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ically illustrated in Figure 1. The gas turbine engine 10
includes a compressor section 12, a combustor section
14 and a turbine section 16, which are arranged within a
core housing 24. In the example illustrated, high pressure
stages of the compressor section 12 and the turbine sec-
tion 16 are mounted on a first shaft 20, which is rotatable
about an axis A. Low pressure stages of the compressor
section 12 and turbine section 16 are mounted on a sec-
ond shaft 22 which is coaxial with the first shaft 20 and
rotatable about the axis A. The first and second shafts
20, 22 are supported for rotation within the core housing
24.
[0021] A fan section 18 is arranged within a fan case
structure 30, which provides a bypass flow path 28 be-
tween the fan case structure 30 and the core housing 24.
In the example illustrated, the first shaft 20 rotationally
drives circumferentially arranged fan blades 26 that pro-
vide flow through the bypass flow path 28. In one exam-
ple, the fan blades 26 are constructed from an aluminum
alloy. It should be understood that the configuration illus-
trated in Figure 1 is exemplary only, and the disclosure
may be used in other configurations. Although a high
bypass engine is illustrated, it should be understood that
the disclosure also relates to other types of gas turbine
engines, such as turbo jets.
[0022] Referring to Figures 2-4, the fan section 18 in-
cludes a fan case structure 30 comprising multiple com-
ponents in one example. A honeycomb structure 40,
which may be constructed from aluminum, is supported
radially inward from and on the fan case 32. A septum
42 is arranged radially inward from and supported by the
honeycomb structure 40.
[0023] In one example, the fan case structure 30 in-
cludes a composite fan case 32, which is constructed
from carbon fiber and resin in one example. In one ex-
ample, the septum 42 is a composite structure construct-
ed from fiberglass and resin. As can be appreciated, com-
posite structures have relatively low coefficients of ther-
mal expansion and are dimensionally stable throughout
the various operating temperatures.
[0024] A continuous, ring-shaped liner 44, which is an
aluminum alloy, for example, is supported by the fan case
structure 30, and in the example shown, by the septum
42, using an elastomeric adhesive 46. In one example,
the adhesive 44 has a room temperature radial thickness
48 of 0.100 in. (2.54 mm) and greater than 300% elon-
gation, which may be provided by a silicone rubber.
[0025] The liner 44 has a coefficient of thermal expan-
sion that is substantially the same as the coefficient of
thermal expansion of the fan blades 26 and substantially
different than the fan case structure 30. In one example,
the fan blades 26 and liner 44 have coefficients of thermal
expansion that are within 1 x 10-6/°F (1.8 x 10-6/°C) of
one another and are constructed from the same series
aluminum alloy, which may be AM54027 in one example.
In one example, the liner/fan blade coefficient of thermal
expansion is greater than the fan case structure thermal
expansion by at least 10 x 10-6/°F (18 x 10-6/°C)

[0026] The liner 44 includes a rub strip 36 that provides
an abradable material immediately adjacent to tips 34 of
the fan blades 26, providing a blade tip clearance 38. It
is desirable to maintain a desired radial blade tip clear-
ance throughout various fan section operating tempera-
tures. In one example, a desired radial tip clearance is
about 0.030 in. at -65°F (0.76 mm at -54°C) ambient,
which is typically encountered during cruise altitude.
Thus, the elastomeric adhesive 46 is selected to accom-
modate changes in a diameter 50 (only radial lead line
is shown in Figure 3) of the liner 44 as the liner 44 expand
and contract during operation.
[0027] Although an example embodiment has been
disclosed, a worker of ordinary skill in this art would rec-
ognize that certain modifications would come within the
scope of the claims. For that reason, the following claims
should be studied to determine their true scope and con-
tent.

Claims

1. A fan case structure comprising:

a composite fan case structure (30) having a
first coefficient of thermal expansion;
an continuous ring-shaped liner (44) having a
second coefficient of thermal expansion that is
substantially different than the first coefficient of
thermal expansion, wherein the second coeffi-
cient of thermal expansion is greater than the
first coefficient of thermal expansion by at least
10 x 10-6/°F (18 x 10-6/°C) and
an elastomeric adhesive (46) operatively con-
necting the liner (44) to the fan case structure
(30), wherein the adhesive (46) has a 300%
elongation or greater, the adhesive (46) config-
ured to accommodate diametrical change in the
liner (44) throughout various operating temper-
atures.

2. The fan case structure according to claim 1, wherein
the composite fan case structure (30) includes a
structure constructed from resin and at least one of
carbon fibers and fiberglass, and the liner (44) is an
aluminum alloy.

3. The fan case structure according to claim 1 or 2,
wherein the adhesive (46) is silicone rubber.

4. The fan case structure according to any of claims 1
to 3, wherein a rub strip (36) is supported radially
inward from and by the liner (44), and the composite
fan case structure (30) includes: a composite septum
(42) interconnecting the adhesive (46) to a honey-
comb structure (40) that is supported by and radially
inward from a composite fan case (32).
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5. A fan section (18) of a gas turbine engine (10) com-
prising:

a fan case structure (20) having a first coefficient
of thermal expansion;
a fan blade (26) arranged within the fan case
structure (30) and having second coefficient of
thermal expansion;
a continuous ring-shaped liner (44) surrounding
the fan blade (26) and having a third coefficient
of thermal expansion that is substantially similar
to the second coefficient of thermal expansion
and substantially different than the first coeffi-
cient of thermal expansion, and a desired radial
tip clearance (38) between the liner (44) and the
fan blade (27); and
an elastomeric adhesive (46) operatively con-
necting the liner (44) to the fan case structure
(30), the adhesive (46) configured to accommo-
date diametrical change in the liner (44) and
maintain the desired radial tip clearance (38)
throughout various fan section operating tem-
peratures.

6. The fan section (18) according to claim 5, wherein
the adhesive (46) has a 300% elongation or greater.

7. The fan section (18) according to claim 5 or 6, where-
in the adhesive (46) is silicone rubber.

8. The fan section (18) according to any of claims 5 to
7, wherein the second coefficient of thermal expan-
sion is greater than the first coefficient of thermal
expansion by at least 10 x 10-6/°F (18 x 10-6/°C).

9. The fan section (18) according to any of claims 5 to
8, wherein the fan case structure (30) includes a
composite fan case.

10. The fan section (18) according to claim 9, wherein
the fan case structure (30) includes a honeycomb
structure (40) operatively connected radially inward
of and to the composite fan case (32).

11. The fan section (18) according to claim 10, wherein
the fan case structure (30) includes a composite sep-
tum (42) interconnecting the adhesive (46) and the
honeycomb structure (40).

12. The fan section (18) according to any of claims 5 to
11, wherein the second and third coefficients of ther-
mal expansion are within 1 x 10-6/°F (1.8 x 10-6/°C)
of one another.

13. The fan section (18) according to any of claims 5 to
12, wherein the fan blade (26) and the liner (44) are
constructed from the same series aluminum alloy.

14. The fan section (18) according to any of claims 5 to
13, wherein the desired radial tip clearance (38) is
about 0.030 inch at -65°F (0.76 m at -54°C) ambient.

15. The fan section (18) according to any of claims 5 to
14, comprising a rub strip (36) supported on and ra-
dially inward of the liner (44) between the liner (44)
and the fan blade (27).
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