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COMPRESSOR SYSTEM

The present disclosure relates to a compressor system.

In particular the disclosure is concerned with a fan and low pressure compressor

system for a turbo machine.

Turbo machinery, in particular gas turbine engines, may comprise, in series, a fan, a
booster compressor and a high pressure compressor which deliver pressurised air to a
core of the turbo machinery, for example a combustor unit, where fuel and air combust
and are exhausted to a series of turbines to drive the fan and compressor units, as well
as providing thrust. Such an arrangement is shown in Figure 1, which is an extract
from US Patent No. 7624581.

In response to the need for greater fuel efficiency, gas turbine engines having higher
bypass ratios and higher overall pressure ratios have been produced. The next
generation of engines continue this trend, which results in an increased conflict
between the optimum design parameters for the fan and the core engine. At higher
bypass ratios the optimum fan pressure ratio is relatively low, which results in lower
rotational speed and higher fan shaft torque. Booster stages coupled to the fan shaft
rotate more slowly and require more stages to achieve the desired pressure ratio or
require an increased radius which affects the fan hub line and results in an increased
fan tip diameter with adverse consequences on engine weight and drag. To minimise
these effects it is desirable to achieve the maximum pressure ratio in the core engine,
but this requires very advanced aerodynamic technology, high temperature materials
and advanced cooling technology to achieve a compact core design which can

accommodate the high torque fan shaft.

Geared fan engines have been proposed that address the booster aerodynamic issues

and high fan shaft torque, but require the gear train to be able to cope with very high
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fan and booster power levels with the attendant difficulties in achieving satisfactory

weight, reliability, cost and oil system heat management.

Geared fan arrangements provide fans driven from, for example, a low pressure shaft
via a gear box such that the rotational speed of the low pressure turbine is higher than
the fan, reducing the weight and reducing the aerodynamic loading of the low pressure
turbine. Such arrangements can provide higher by-pass ratios than conventional
turbofans within the same nominal nacelle diameter. Geared fans are configured to
transmit very high power through their gearbox, which consequentially must be of a
substantial design, thereby adding considerable weight and cost to the engine, and thus

offsetting the advantage from the low pressure turbine.

In a two-shaft turbofan it is also known to attach a booster compressor directly to the
fan shaft such that the booster rotates at the same speed as the fan. At higher bypass
ratios, the blade speed of the booster is very low and may require many stages to
achieve the required pressure ratio. To achieve acceptable booster aerodynamic
loading in such a configuration, several booster stages may be required, and each
booster stage must achieve sufficient blade speed, which requires the diameter of each
booster stage to be relatively large. Both of these design characteristics increase the
overall size of the resultant engine, which results in extra weight and aerodynamic drag.
The shaft which drives the fan and booster must also be sized to deal with the torque
load of the booster and fan, further increasing the weight and size of such design

variations.

An alternative arrangement is described in US Patent No. 8209952, and shown in
Figure 2. Using the reference numerals of US Patent No. 8209952, a fan stage 51 is
coupled to a low-pressure turbine 103 by a low pressure shaft 64. An intermediate
speed booster 54 is provided, driven by an epicyclic gear train 56. The epicyclic gear
train provides for contra-rotation of the compressor boost stages 54 relative to the fan
stage 51. Such a configuration may result in a lower number of required booster stages
or reduced booster stage diameter, but if higher booster pressure ratios are required for

more advanced engine thermodynamic cycles, provides an extra load on the fan shaft
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which requires the shaft to be reinforced with extra material to accommodate the load,
and hence increases the overall weight and adversely impacts the core engine

mechanical design.

Booster compressors which rotate at a fixed gear ratio relative to the fan suffer from
poor aerodynamic matching at off-design conditions and generally require large
quantities of air to be bled into the bypass duct at off-design conditions to avoid surge.

This reduces the overall efficiency of the engine at these off-design conditions.

Hence a system which provides an increased compression ratio for the same or lower
booster compressor diameter and number of booster stages than a conventional
arrangement, and which and keeps load on the engine low pressure shaft to a
minimum, is highly desirable. Also a system which drives the booster compressor at a
rotational speed which is a function of both the speed of the fan and the speed of the
high pressure compressor is highly desirable, particularly if that function can be

optimised to match the aerodynamic performance of the compressors.

Summary

According to the present invention there is provided an apparatus and system as set
forth in the appended claims. Other features of the invention will be apparent from the

dependent claims, and the description which follows.

Accordingly there may be provided a fan and booster compressor system for a turbo
machine comprising : a first shaft and a second shaft; a fan comprising an array of
blades coupled to the second shaft; and a booster compressor comprising an array of
compressor rotor blades; wherein the first shaft is coupled to a first input member of an
epicyclic gear unit; the second shaft is coupled to a second input member of the
epicyclic gear unit; and the booster compressor is coupled to an output member of the
epicyclic gear unit, whereby the booster compressor is driveable by both the first shaft

and the second shaft.
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The output member of the epicyclic gear unit may be provided as a planet carrier,
wherein the planet carrier holds the array of planet gears; the first input member of the
epicyclic gear unit is an annular gear radially outwards of, and rotatably engaged with,
an array of planet gears; the array of planet gears being radially outward of and
rotatably engaged with the second input member; the second input member of the

epicyclic gear unit being provided as a sun gear.

The output member of the epicyclic gear unit may be an annular gear radially outwards
of, and rotatably engaged with, an array of planet gears; the first input member of the
epicyclic gear unit is provided as a planet carrier, wherein the planet carrier holds the
array of planet gears; the array of planet gears being radially outward of and rotatably
engaged with the second input member; the second input member of the epicyclic gear

unit being provided as a sun gear.

The diameters of the gears of the gear unit may be provided such that, in use, the
booster compressor rotates in the same direction as the fan and, over a predetermined
range of rotational speeds of the first and second shaft, the booster compressor rotates

faster than the fan.

The turbo machine may comprise an engine core flow path, the booster compressor
being provided at or downstream of an intake of the engine core flow path and the fan

is provided upstream of the booster compressor.

The turbo machine further may comprise a bypass duct radially outward of engine core

flow path.
The turbo machine may further comprise a high pressure turbine and a low pressure
turbine, the second shaft being coupled to the high pressure turbine and the first shaft

being coupled to the low pressure turbine.

The first shaft and second shaft may be configured, in use, to contra-rotate.
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There may be provided a gas turbine engine comprising a fan and booster compressor

system according to the present disclosure.

There is thus provided a system wherein the booster compressor is driven both at a
higher rotational speed than the fan, and at a speed which is a function of both the fan
speed and the high pressure shaft speed. This configuration enables generation of a
high compression ratio whilst permitting smaller booster length and diameter, and
hence overall smaller engine diameter, an improved off design aerodynamic match
between the booster and high pressure compressors, and which keeps load on the low

pressure shaft to a minimum compared to known devices.

Brief Description of the Drawings

Examples of the present disclosure will now be described with reference to the

accompanying drawings, in which:

Figure 1 shows a known booster arrangement for a gas turbine engine (as
described in US Patent No. 7624581;

Figure 2 is an arrangement described in US Patent No. 8209952;

Figure 3 is a diagrammatic representation of a gas turbine engine having a fan

and low pressure compressor system according to the present disclosure;

Figure 4 shows a diagrammatic view of a fan and booster arrangement for a

turbo machine according to the present disclosure;

Figure 5 is a diagrammatic cross-sectional view of an epicyclic gear arrangement

of the present disclosure; and

Figure 6 is an alternative diagrammatic cross-sectional view of an epicyclic gear

arrangement of the present disclosure.
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Detailed Description

For the avoidance of doubt, the reference numerals used in relation to features of the
examples of the present disclosure shown in Figure 3 to 6 have no relation to the

numbering system of the related art Figures 1 and 2.

Figure 3 and Figure 4 show a turbo machine 10 according to the present disclosure, for
example a gas turbine engine. The gas turbine 10 comprises a fan 12 upstream of
engine core flow path 14, the engine core flow path 14 defined by a booster
compressor 16 and an additional high pressure compressor 20 spaced along a
common duct 22. The fan 12, booster compressor 16 and high pressure compressor 20
each comprise at least one ring (i.e. array) of rotor blades 12a, 16a, 20a respectively.
The booster compressor 16 may additionally comprise an array or arrays of stator
vanes upstream, downstream and/or between the rotor stages 16a, 20a.The engine
core flow path 14 has an intake 24 downstream of the fan 12. The booster compressor
16 is provided in the region of the intake 24 (that is to say at or downstream of the

intake 24), and is also downstream of fan 12.

The turbo machine 10 further comprises a bypass duct 26 radially outward of the
engine core flow path 14. The fan 12 spans the intake 24 and the bypass duct 26, and

is operable to deliver air to both.

Downstream of the high pressure compressor 20 there is provided a combustor 30, a
high pressure turbine 32 and a low pressure turbine 34. The fan 12 is coupled to a first
shaft 36 which is in turn coupled to the low pressure turbine 34. The high pressure
compressor 20 is coupled to a second shaft 38 which is in turn coupled to the high
pressure turbine 32. The first shaft 36 and second shaft 38, in use, are contra-rotatable.
That is to say, in use, the first shaft 36 and second shaft 38 rotate in opposite

directions.

There is also provided an epicyclic gear unit 40, alternative examples of which are

shown in more detalil in Figure 5 and Figure 6. The first shaft 36 is coupled to a first
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input member 42 of the epicyclic gear unit 40, the second shaft 38 is coupled to a
second input member 44 of the epicyclic gear unit 40 and the booster compressor 16 is

coupled to an output member 46 of the epicyclic gear unit 40.

In a first example shown in Figures 3 to 5, the output member 46 of the epicyclic gear
unit 40 is an annulus (or “ring”) gear 48 located radially outwards of and rotatably
engaged with an array of planet gears 50. The first input member 42 of the epicyclic
gear unit 40 is provided as a planet carrier 52, wherein the planet carrier 52 holds the
array of planet gears 50. The array of planet gears 50 is radially outward of and
rotatably engaged with the second input member 44. The second input member 44 of

the epicyclic gear unit 40 is provided as a sun gear 54.

That is to say, in the examples of Figures 3 to 5, the first shaft (or “low pressure shaft”)
36 is coupled to the planet carrier 52, the second shaft (or “high pressure shaft’) 38 is
coupled to the sun gear 54 and the rotor of the booster compressor 16 is coupled to the
annulus gear 48. In Figure 5 (and Figure 6) the connection between the above
components is indicated by the inclusion of the reference numerals of the booster 16,
first shaft 36 and second shaft 38 in brackets next to the reference numerals of the
planet carrier 52, annulus gear 48 and sun gear 54 as appropriate. Hence the booster
compressor 16 is in rotatable engagement with and, in use, driven by the first (low
pressure) shaft 36 and the second (high pressure) shaft 38, where the first (low
pressure) shaft 36 and the second (high pressure) shaft 38, in use, rotate in opposite
directions to one another. Thus, in Figure 5, the fan 12 (coupled to the first/low pressure
shaft 36) and booster compressor 16, are configured to rotate in the same direction in
use, and the high pressure compressor 20 (coupled to the second/high pressure shaft
38) is configured to rotate in an opposite direction to the fan 12 and booster compressor

16 in use.

In an alternative example shown in Figure 6, the first shaft (or “low pressure shaft”) 36
is coupled to the annulus gear 48, the second shaft (or “high pressure shaft’) 38 is
coupled to the sun gear 54 and the rotor of the booster compressor 16 is coupled to the

planet carrier 52. Hence the booster compressor 16 is in rotatable engagement with
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and, in use, driven by the first (low pressure) shaft 36 and the second (high pressure)
shaft 38, where the first (low pressure) shaft 36 and the second (high pressure) shaft
38, in use, rotate in the same direction. Thus the high pressure compressor 20 (coupled
to the second/high pressure shaft 38) and fan 12 (coupled to the first/low pressure shaft
36) and booster compressor 16, are configured to rotate in the same direction in use.
Further examples of the device of the present disclosure may be configured such that a
booster compressor is driven by both the low pressure and high pressure shafts via a

differential gear arrangement.

The diameters of the sun gear 42, planet gears 44 and annulus gear 48 of the epicyclic
gear unit 40 are provided such that, in use, the booster compressor 16 rotates in the
same direction as the fan 12 and, over a predetermined range of rotational speeds of
the first shaft 36 and second shaft 38, the booster compressor 16 rotates faster than
the fan 12 and slower than the high pressure compressor. That is to say, the rotational
speed of the booster compressor is intermediate between the speed of the fan and the
speed of the high pressure compressor. The actual speed of the booster compressor is
a function of both the speed of the low pressure shaft and the speed of the high
pressure shaft combined with the geometric dimensions of the gears in the epicyclic

arrangement.

Hence in operation of the fan and compressor system of the present disclosure, the
arrangement is such that torque is supplied to drive the booster compressor 16 from

both the first (low pressure) shaft 36 and the second (high pressure) shaft 38.

The proportion of torque extracted from each shaft 36,38 remains constant throughout
the running range of the engine and is dictated by the diameters of the sun gear 42,
planet gears 44 and annulus gear 48 of the epicyclic gear unit 40. Both the booster
compressor speed and the torque split between the first (low pressure) shaft 36 and the
second (high pressure) shaft 38 may be optimised for a particular design of engine by
changing the diameters of the sun gear 42, planet gears 44 and annulus gear 48 of the

epicyclic gear unit 40.
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Although the preceding examples are described with reference to an epicyclic gear unit,

any appropriate differential gear unit may be used as an alternative.

The device of the present disclosure provides the advantage that the booster
compressor may achieve a higher rotational speed, which reduces the number of low
pressure and/or high pressure stages required to achieve the desired high pressure
ratio, which thus reduces the required length and weight of the engine. Additionally the
diameter of the booster compressor need not be as large as for a conventional booster

arrangement.

The device permits the work split between the low and high pressure shafts to be
optimised more flexibly within overall component mechanical and aero design

constraints.

The consequential reduced booster compressor diameter allows the shape of the duct
between the booster and high pressure compressor to be made more aerodynamic,

thus reducing pressure loss in the duct.

Off-design matching of the engine can also be improved, reducing off-design specific
fuel consumption. The booster speed is a function of both the low pressure and high
pressure shaft speeds and this function can be optimised to better match the

compressor speeds at off design conditions.

Lower booster compressor diameter also reduces fan hub diameter and hence reduces
fan tip diameter for a given flow area and thus powerplant drag when used on an

aircraft.

Torque load for the low pressure shaft is reduced, permitting smaller diameter shaft and

so lighter weight high pressure discs.
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The increased work per stage in the booster will also increase the air temperature
downstream of the first or only rotor stage of the booster, and hence eliminate the need

for anti-icing of the downstream compressor stators.

Also, since the booster diameter is reduced, the Hade angle at fan inner may be
reduced, and hence the outer diameter at fan exit and the bypass duct diameter can be
lower than for a conventional arrangement. This allows for a further reduction in

nacelle outer diameter and weight.

The greater flexibility offered by the device to optimise the engine design enables the
desired engine performance to be achieved using more conventional proven

technologies which will reduce development risk and cost.

All of the features disclosed in this specification (including any accompanying claims,
abstract and drawings), and/or all of the steps of any method or process so disclosed,
may be combined in any combination, except combinations where at least some of

such features and/or steps are mutually exclusive.

Each feature disclosed in this specification (including any accompanying claims,
abstract and drawings) may be replaced by alternative features serving the same,
equivalent or similar purpose, unless expressly stated otherwise. Thus, unless
expressly stated otherwise, each feature disclosed is one example only of a generic

series of equivalent or similar features.

The invention is not restricted to the details of the foregoing embodiment(s). The
invention extends to any novel one, or any novel combination, of the features disclosed
in this specification (including any accompanying claims, abstract and drawings), or to
any novel one, or any novel combination, of the steps of any method or process so

disclosed.
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CLAIMS

A compressor system for a turbo machine,

the turbo machine comprising :

a low pressure shaft coupled to a low pressure turbine; and

a high pressure shaft coupled to a high pressure turbine;

the compressor system comprising :

a fan driven by the low pressure turbine via the low pressure shaft;

a booster compressor; and

an epicyclic gear unit ;

wherein :

the low pressure shaft is coupled to a first input member of the epicyclic

gear unit;

the high pressure shaft is coupled to a second input member of the

epicyclic gear unit; and

the booster compressor is coupled to an output member of the epicyclic

gear unit;

whereby the booster compressor is driveable by the low pressure shaft and the

high pressure shaft.
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The system as claimed in claim 1 wherein :

the output member of the epicyclic gear unit is provided as a planet carrier,

wherein the planet carrier holds the array of planet gears;

the first input member of the epicyclic gear unit is an annular gear radially

outwards of, and rotatably engaged with, an array of planet gears;

the array of planet gears being radially outward of and rotatably engaged with

the second input member;

the second input member of the epicyclic gear unit being provided as a sun

gear.

The system as claimed in claim 1 wherein :

the output member of the epicyclic gear unit is an annular gear radially outwards

of, and rotatably engaged with, an array of planet gears;

the first input member of the epicyclic gear unit is provided as a planet carrier,

wherein the planet carrier holds the array of planet gears;

the array of planet gears being radially outward of and rotatably engaged with

the second input member;

the second input member of the epicyclic gear unit being provided as a sun

gear.

The system as claimed in claim 2 or claim 3 wherein the diameters of the gears

of the gear unit are provided such that, in use, the booster compressor rotates in

the same direction as the fan and, over a predetermined range of rotational
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speeds of the low and high pressure shaft, the booster compressor rotates faster

than the fan.

The system as claimed in any one of the preceding claims wherein the turbo
machine comprises an engine core flow path, the booster compressor being
provided at or downstream of an intake of the engine core flow path and the fan

is provided upstream of the booster compressor.

The system as claimed in any one of the preceding claims wherein the turbo
machine further comprises a bypass duct radially outward of engine core flow

path.

The system as claimed in any one of claims 3 to 6 wherein the low pressure

shaft and high pressure shaft are configured, in use, to contra-rotate.

A gas turbine engine comprising a fan and booster compressor system as

claimed in any one of claims 1to 7.
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