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(54) DUCTED FAN GAS TURBINE ENGINE

(57) A ducted fan gas turbine engine has a propulsive
fan, a fan case surrounding the fan, a core engine, and
a plurality of support structures which transmit loads from
the core engine to the fan case. Each support structure
has two support struts which extend from the core engine
to a joint radially outwardly of the fan case. The support

struts are spaced apart at the core engine but converge
to meet at the joint. Each support structure further has
two structural elements which extend from the joint to
respective fixing positions on the fan case at opposite
sides of the joint.
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Description

Technical Field

[0001] The present disclosure relates to a ducted fan
gas turbine engine having a plurality of support structures
which transmit loads from a core of the engine to a fan
case.

Background

[0002] In ducted fan gas turbine engines, air entering
the intake of the engine is accelerated by a fan to produce
two air flows: a first air flow which enters a core engine,
and a second air flow which passes through a bypass
duct to provide propulsive thrust. A fan case surrounds
the fan and extends rearwardly therefrom to define an
outer wall of the bypass duct. An inner wall of the bypass
duct is defined by the outer skin of the core engine.
[0003] Between the inner and outer walls of the bypass
duct, rearwards of the fan, it is known conventionally to
provide A-frame support structures which reinforce the
fan case and transmit loads from the core engine to the
fan case.
[0004] Figure 1 shows schematically a transverse
cross-section through an engine which has two diamet-
rically opposing A-frame support structures 100. Each
support structure comprises two support struts 102 which
extend from spaced apart locations on the core engine
104 to meet at the fan case 106.
[0005] However, as shown in Figure 2, under a torque
load T the support structures 100 can distort the shape
of the fan case 106 (as indicated by the dashed lines),
resulting in excessive fan tip clearances and associated
aerodynamic losses. In addition, the junction of the sup-
port struts 102 within the bypass duct, presents an un-
desirable aerodynamic blockage to the airflow within the
bypass duct producing further aerodynamic losses.
[0006] One approach to reduce the distortion is to stiff-
en the fan case with, for example, a stiffening flange.
However, this increases weight, and does not address
the undesirable blockage to the airflow within the bypass
duct.
[0007] An alternative approach is to space the support
struts 102 apart at the fan case 106, as shown in Figure
3, with local reinforcements 108 spreading loads into a
stiffener flange 110. This approach reduces the aerody-
namic losses due to the distortion and aerodynamic loss-
es associated with the support struts due to no longer
having the junction of the struts within the bypass duct.
However, the struts transmit loads inefficiently into the
structure, so requiring the local reinforcements and the
stiffener flange which can increase the weight of the
structure.

Summary of the Disclosure

[0008] In a first aspect there is provided a ducted fan

gas turbine engine having a propulsive fan, a fan case
surrounding the fan, a core engine, and a plurality of sup-
port structures which transmit loads from the core engine
to the fan case, each support structure having: two sup-
port struts which extend from the core engine to a joint
radially outwardly of the fan case, the support struts being
spaced apart at the core engine but converging to meet
at the joint; and two structural elements which extend
from the joint to respective fixing positions on the fan
case at opposite sides of the joint.
[0009] By joining the support struts outside the fan
case and providing the structural elements, it is possible
to feed loads into the fan case more efficiently and there-
by reduce distortion of the fan case under torque loads.
This reduces the aerodynamic losses due to the distor-
tion and avoids aerodynamic losses associated with hav-
ing having a support strut junction within the bypass duct,
whilst also avoiding much of the weight penalty associ-
ated with spaced struts and a stiffened fan case.
[0010] Optional features of the first aspect are now set
out below. These are applicable singly or in any combi-
nation.
[0011] The distance from the joint to an inner wall of
the fan case may be at least 5% and/or at most 45% of
the radius of the inner wall of the fan case.
[0012] The structural elements may be substantially
tangential to the fan case at their fixing positions. This
allows loads to be transmitted efficiently to the fan case
through the structural elements.
[0013] The fixing positions of the structural elements
of each support structure may be at least 30° and/or at
most 120° apart on the fan case.
[0014] The support struts of each support structure
may extend from positions on the core engine which are
at least 45° and/or at most 180° apart on the core engine.
[0015] The support struts and the structural elements
of each support structure may extend in substantially the
same plane, typically a plane that is perpendicular to the
axis of the engine.
[0016] The structural elements can be formed as ribs
integrated with the fan case.
[0017] The structural elements can be individual links
that are attached to the fan case with suitable fasteners.
[0018] The structural elements can be part of an addi-
tional structure which is attached to the fan case with
suitable fasteners.
[0019] The engine may have two support structures at
opposite sides of the engine, for example at opposite left
and right sides of the engine.
[0020] The support struts may pass through respective
apertures in the fan case, a boot being provided around
the support struts externally of the fan case to seal the
apertures.
[0021] The support struts may have elliptical, or tear-
drop shaped or some other aerodynamically shaped
cross-sections. The long axes of the cross-sections can
then be aligned with the direction of an airflow acceler-
ated by the fan, and in particular aligned with the direction
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of an airflow accelerated through a bypass duct having
an outer wall defined by the fan case and inner wall de-
fined by the core engine.
[0022] The support struts may be perpendicular to a
longitudinal axis of the gas turbine engine. Alternatively,
the support struts may be angled in an axial direction so
as to extend both radially and axially. For example, the
support struts may be angled such that a radially outer
portion of the support struts is axially forward (or up-
stream) of a radially inner portion of the support struts.
[0023] An angle between the support struts and a lon-
gitudinal axis of the gas turbine engine may be equal to
or between 20° and 80°, e.g. greater than or equal to 30°,
greater than or equal to 40°, and/or less than or equal to
70°, e.g. 60°.
[0024] The ducted fan gas turbine engine may com-
prise a further structural element which extends from the
joint to a fixing position on the fan case at a position axially
forward of the support struts.
[0025] The gas turbine engine may comprise at least
one bifurcation. The gas turbine engine may comprise
two bifurcations diametrically opposed.
[0026] The support struts may be substantially circum-
ferentially aligned with the bifurcation. When there are
two support structures, and two bifurcations, support
struts of one support structure may be circumferentially
aligned with one bifurcation and support struts of the oth-
er support structure may be circumferentially aligned with
the other bifurcation.
[0027] The support struts may are housed within at
least one bifurcation.
[0028] The support struts may be circumferentially off-
set (e.g. by 90°) from the bifurcation. When two support
structures are provided, the support structures may be
diametrically opposed, such that both support structures
are offset from the at least one bifurcation.

Brief Description of the Drawings

[0029] Embodiments will now be described by way of
example with reference to the accompanying drawings
in which:

Figure 1 shows schematically a transverse cross-
section through an engine;

Figure 2 shows the cross-section of Figure 1 under
a torque load;

Figure 3 shows schematically a transverse cross-
section through a variant engine;

Figure 4 shows a longitudinal cross-section through
a ducted fan gas turbine engine;

Figure 5 shows schematically a transverse cross-
section through the engine of Figure 4 at plane A-A
highlighting a support structure of the engine;

Figure 6 shows schematically a transverse cross-
section through the engine of Figure 4 at plane A-A
highlighting an alternative support structure of the
engine;

Figure 7 shows a schematic side view of the engine
of Figure 6, with an upper portion of the fan casing
removed;

Figure 8 shows a schematic side view of a further
alternative support structure with an upper portion
of the fan casing removed; and

Figure 9 shows schematically a plan view of the en-
gine of Figure 8 with a portion of the fan casing re-
moved.

Detailed Description

[0030] With reference to Figure 1, a ducted fan gas
turbine engine is generally indicated at 10 and has a prin-
cipal and rotational axis X-X. The engine comprises, in
axial flow series, an air intake 11, a propulsive fan 12,
and a core engine 4, which itself comprises, in axial flow
series, an intermediate pressure compressor 13, a high-
pressure compressor 14, combustion equipment 15, a
high-pressure turbine 16, an intermediate pressure tur-
bine 17, a low-pressure turbine 18 and a core engine
exhaust nozzle 19. A fan case 6 surrounds the fan 12
and defines an outer wall of a bypass duct 22. An inner
wall of the bypass duct 22 is defined by an outer skin of
the core engine 4. A nacelle 21 generally surrounds the
engine 10 and defines the intake 11 and a bypass ex-
haust nozzle 23
[0031] During operation, air entering the intake 11 is
accelerated by the fan 12 to produce two air flows: a first
air flow A into the core engine 4 and a second air flow B
which passes through the bypass duct 22 to provide pro-
pulsive thrust. The intermediate-pressure compressor 13
compresses the air flow A directed into it before delivering
that air to the high-pressure compressor 14 where further
compression takes place.
[0032] The compressed air exhausted from the high-
pressure compressor 14 is directed into the combustion
equipment 15 where it is mixed with fuel and the mixture
combusted. The resultant hot combustion products then
expand through, and thereby drive the high, intermediate
and low-pressure turbines 16, 17, 18 before being ex-
hausted through the nozzle 19 to provide additional pro-
pulsive thrust. The high, intermediate and low-pressure
turbines respectively drive the high and intermediate-
pressure compressors 14, 13 and the fan 12 by suitable
interconnecting shafts.
[0033] Figure 5 shows schematically a transverse
cross-section through the engine 10 on plane A-A rear-
wards of the fan 12. The engine has two support struc-
tures 1 at opposite left and right hand sides of the engine.
[0034] Each support structure 1 has two support struts
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2 which extend from the core engine 4 to meet at a joint
9 radially outwardly of the fan case 6, the struts passing
through respective apertures in the fan case. The joint,
which is still within the nacelle 21, can be spaced from
the inner wall of the fan case by a distance which is about
20% of the radius of the inner wall of the fan case. The
support struts can be spaced about 90° apart on the core
engine. A boot (not shown) may be placed over the joint
and the parts of the support struts external to the fan case
in order to seal the apertures and prevent the second air
flow B leaking from the bypass duct 22. Further, at least
over those parts of the support struts which span the
bypass duct, the struts may have elliptical, or tear-drop
shaped or some other aerodynamically preferred cross-
sections, the long axes of the cross-sections being
aligned with the second air flow to reduce aerodynamic
losses caused by the passage of the air flow around the
struts.
[0035] Each support structure 1 also has two structural
members 8 which extend from the joint 9 to respective
fixing positions on the fan case 6 at opposite sides of the
joint. The fixing positions can be about spaced between
30° to 120° apart on the fan case. The structural mem-
bers, which are preferably substantially tangential to the
fan case at their fixing positions, complete the core en-
gine-fan case structure, but at much reduced weight pen-
alty compared to approaches discussed above in relation
to Figure 3. In particular, the support struts 2 and the
structural members 8 effect efficient transmission of
loads (indicated in Figure 5 by the arrows at the ends of
the struts and structural members) to the four fixing po-
sitions which are distributed around the circumference
of the fan case. In this way, under a torque load T, there
is little distortion of the fan case and so significantly re-
duced aerodynamic loss.
[0036] Referring now to Figures 6 and 7, an alternative
support structure for a gas turbine engine is shown. Sim-
ilar reference numerals are given for features previously
described. In the embodiment shown in Figures 6 and 7,
two support structures 1 are provided. The support struc-
tures are diametrically opposed, but instead of being to
the right and left side of the engine they extend in an
upwards and downwards direction, when the gas turbine
engine is mounted for use. For example, instead of being
offset (e.g. by 90° from a bifurcation of the gas turbine
engine - indicated at 24 in Figure 4) one of the support
structures is circumferentially aligned with the bifurca-
tion. In all other respects the support structures are sim-
ilar to those previously described.
[0037] Provision of support structures extending in an
upwards and a downwards direction means that it may
be possible to arrange one of the support structures to
fit within the bifurcation.
[0038] Referring now to Figures 8 and 9, a further al-
ternative support structure for a gas turbine engine is
shown. Similar reference numerals are given for features
previously described. The embodiment shown in Figures
8 and 9 is similar to the embodiment shown in Figures 6

and 7, but with the difference that the support struts 2
instead of extending only in a radial direction (e.g. being
arranged at 90° to a longitudinal axis of the engine) the
support struts are inclined so as to be angled to the lon-
gitudinal axis of the engine. The support struts are angled
so that a radially outer portion of the support struts is at
a more axially forward position than a radially inner por-
tion of the support struts. A further support element 30,
similar to support elements 8 is provided. The support
element 30 extends from the joint 9 between the support
struts to the core casing in an axial direction.
[0039] Angling of the support struts and the provision
of an additional support element can help to increase the
stiffness of the support structure so as to limit fan case
deformation and distortion.
[0040] The support structures described can improve
resistance to yaw, pitch and torque during operation of
the gas turbine engine. For example, referring to Figures
7 and 8 it can be seen that the virtual centre 32 of the
OGV structure 44 in pitch is spaced by a large distance
36 from the virtual centre 34 of the support structure in
pitch, this large separation resists pitch deflections. Re-
ferring to Figure 9, the virtual centre 38 of the OGV struc-
ture 44 in yaw is spaced by a large distance 42 from the
virtual centre 40 of the support structure in yaw, this large
separation resists yaw deflections.
[0041] While the invention has been described in con-
junction with the exemplary embodiments described
above, many equivalent modifications and variations will
be apparent to those skilled in the art when given this
disclosure. Accordingly, the exemplary embodiments of
the invention set forth above are considered to be illus-
trative and not limiting. Various changes to the described
embodiments may be made without departing from the
spirit and scope of the invention.

Claims

1. A ducted fan gas turbine engine (10) having a pro-
pulsive fan, a fan case (6) surrounding the fan, a
core engine (4), and a plurality of support structures
(1) which transmit loads from the core engine to the
fan case, each support structure having:

two support struts (2) which extend from the core
engine to a joint radially outwardly of the fan
case, the support struts being spaced apart at
the core engine but converging to meet at the
joint; and
two structural elements (8) which extend from
the joint to respective fixing positions on the fan
case at opposite sides of the joint (9).

2. The ducted fan gas turbine engine according to claim
1, wherein the distance from the joint (9) to an inner
wall of the fan case is at least 5% of the radius of the
inner wall of the fan case.
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3. The ducted fan gas turbine engine according to claim
1 or 2, wherein the structural elements are substan-
tially tangentially to the fan case at their fixing posi-
tions.

4. The ducted fan gas turbine engine according to any
one of the previous claims, wherein the fixing posi-
tions of the structural elements of each support struc-
ture are at least 30° apart on the fan case.

5. The ducted fan gas turbine engine according to any
one of the previous claims, wherein the support
struts of each support structure extend from posi-
tions on the core engine which are at least 45° apart
on the core engine.

6. The ducted fan gas turbine engine according to any
one of the previous claims, wherein the support
struts and the structural elements of each support
structure extend in substantially the same plane.

7. The ducted fan gas turbine engine according to any
one of the previous claims, wherein the support
struts pass through respective apertures in the fan
case, a boot being provided around the support
struts externally of the fan case to seal the apertures.

8. The ducted fan gas turbine engine according to any
one of the previous claims, wherein the support
struts are perpendicular to a longitudinal axis of the
gas turbine engine.

9. The ducted fan gas turbine engine according to any
one of claims 1 to 7, wherein the support struts are
angled in an axial direction so as to extend both ra-
dially and axially.

10. The ducted fan gas turbine engine according to claim
9, wherein the support struts are angled such that a
radially outer portion of the support struts is axially
forward of a radially inner portion of the support
struts.

11. The ducted fan gas turbine engine according to claim
9 or 10, wherein an angle between the support struts
and a longitudinal axis of the gas turbine engine is
equal to or between 20 degrees and 80 degrees.

12. The ducted fan gas turbine engine according to any
one of claims 9 to 11, comprising a further structural
element which extends from the joint to a fixing po-
sition on the fan case at a position axially forward of
the support struts.

13. The ducted fan gas turbine engine according to any
one of the previous claims, wherein the gas turbine
engine comprises at least one bifurcation and where-
in the support struts are substantially circumferen-

tially aligned with the bifurcation.

14. The ducted fan gas turbine engine according to any
one of claims 1 to 12, wherein the gas turbine engine
comprises at least one bifurcation, and wherein the
support struts are circumferentially offset from the
bifurcation.

15. The ducted fan gas turbine engine according to any
one of the previous claims, having two support struc-
tures at opposite sides of the engine.
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