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(57) Abrégée/Abstract:
The invention relates to an arrangement (1, 15), comprising a turbomachine (2, 16) with a compressor (3) having an outlet (7), and
with a bleed air line (9), through which a leakage flow can flow and which Is connected via a controllable valve (8) to the outlet (/) of
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(57) Abrege(suite)/Abstract(continued):
the compressor (3), for supplying the leakage flow to a unit, characterized in that the unit is designed as a fan (17), Jjet pump (10) or
pump which can be driven by the leakage flow. The invention also relates to a method for operating the arrangement (1, 15).



10

15

CA 2967314 20177-05-15

GP 621 CA
RT/GS/ma

ABSTRACT

The invention relates to an arrangement (1, 15), comprising a turbomachine (2, 16) with a
compressor (3) having an outlet (7), and with a bleed air line (9), through which a leakage
flow can flow and which is connected via a controllable valve (8) to the outiet (7) of the com-
pressor (3), for supplying the leakage flow to a unit, characterized in that the unit is designed
as a fan (17), jet pump (10) or pump which can be driven by the ieakage flow. The invention

also relates to a method for operating the arrangement (1, 15).

Fig. 1
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Diehl Aerospace GmbH, 88662 Uberiingen

Arrangement comprising a turbomachine, and associatea operating method

The invention relates to an arrangement, comprising a turbomachine with a compressor hav-
ing an outlet, and with a bleed air line, through which a leakage flow can flow and which Is

connected via a controliable valve to the outlet of the compressor, for supplying the leakage

flow to a unit.

The term “turbomachine” used in this application encompasses all turbomachines, for ex-

ample a steam turbine, a gas turbine, a turbocompressor or a jet engine.

Turbomachines of this type are characterized by very high mass flow. In order to be able to
operate a turbomachine in an energy-efficient ménner over a large pressure range and In
different operating states, an overflow device is usually present in order to regulate the mass
flow. An overflow device of this kind is needed in order to avoid disadvantageous effects that
can arise due to flow conditions of the turbomachine. Turbomachines are able to deliver a

very high mass flow, wherein in general average pressure ratios are present.

A turbomachine is usually provided with a static or controllable bleed air line, which is also
termed bypass or “bleed valve”. The bleed air line takes a leakage flow from a compressor
stage of the turbomachine, thus ensuring that the compressor does not work agatnst a
closed volume. However, the leakage flow represents a loss of drive energy since the leak-
age flow has previously passed through one or more compressor stages. The leakage flow,

also termed “bleed air”, is for example used for climate control in the cabin in the case of
airborne vehicles. This is intended to use at least part of the energy contained in the leakage

flow, which would otherwise be lost, unused.
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US 5.137.230 A discloses a gas turbine for an aircraft with a bleed air line connected to its
compressor. By controlling a valve, a leakage flow can be taken from a compressor stage
and supplied to a pre-cooler. The air is then supplied to a climate control unit which condi-
tions the leakage flow by means of a turbine-compressor unit and by means of a heat ex-

changer. The air flow leaving the climate control unit at the outlet is used for temperature

control in the passenger cabin of the aircraft.

Similarly, US 2015/0176501 A1 proposes supplying a leakage flow via a bleed air line to a

turbine-compressor unit. Thence, part of the leakage flow goes to a climate control unit (or

environmental control system, ECS), or to a de-icing unit.

The invention is based on the object of specifying an arrangement with a turbomachine

which offers greater options for using a leakage flow taken via a bleed air line.

In order to achieve this object, the invention provides, in the context of an arrangement of
the type mentioned in the introduction, that the unit is designed as a fan, jet pump or pump

which can be driven by the leakage flow.

It has been found. in the context of the invention, that the leakage flow taken via the bleed
air line can be used not only for cooling or ventilating an aircraft cabin. According to the In-
vention, the bleed air line is for example connected to a unit designed as a pump. The pump
is driven by the leakage flow, more specifically by the kinetic energy of the latter, i.e. under
the action of the flow velocity of the flowing fluid, in particular of the air fldwing through the
turbomachine. In addition, it is also possible to use the potential energy contained in the
leakage flow in order to drive the unit, in particular a pump, under the action of the overpres-
sure generated in the compressor. The pump driven by the leakage flow can serve a specific
function of the arrangement according to the invention, such that it is possible to dispense
with a separate pump or another unit. It is also conceivable that a unit, for example a con-

ventional pump, can be made smaller since at least part of the driving energy is taken from

the leakage flow.
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In one preferred embodiment of the invention, the outlet of the compressor is connected to
the controllable valve via a plenum. The plenum is a volume and serves to distribute the
mass flow generated by the compressor. The plenum has at least one first outlet. Sub-
assemblies, which are or can be supplied with a mass flow generated by the compressor,
are or can be connected to the at least one first outlet of the plenum. The controllable valve
is connected to a second outlet of the plenum, and is thus connected to the latter. The con-
trollable valve has the object of opening and closing in order to set a certain pressure in the
plenum. In an open state of the controllable valve, a leakage flow is taken or bled from the
plenum via the controllable valve. For example, if the pressure in the plenum exceeds a cer-
tain setpoint value, the controllable valve is opened such that the pressure In the plenum
drops to the setpoint value. The leakage flow bled in this manner thus flows via the control-
lable valve into the bleed air line, and can be supplied thereby to the unit. Thus, the inven-

tion uses the energy of the leakage flow flowing through the controllable valve in order to

drive the unit.

In the context of the arrangement according to the invention, it can be provided that the unit
is designed as a jet pump. This is a pump for delivering a gaseous or liquid medium and can
be driven solely by the leakage flow, that is to say by the bleed air taken from a compressor
stage. This has the advantage that the jet pump can be used to deliver a medium other than
the leakage flow, for example ambient air or cabin air, so that no — or just a smaller — unit Is
required for this. Alternatively, the unit of the arrangement according to the invention can
also be designed as a fan. The fan makes it possible to deliver a gas, for example cooling

air or air used for temperature control.

In the context of the arrangement according to the invention, it is preferred that neither a
pre-cooler nor a compressor is arranged between the controllable valve and the unit. Ac-
cordingly, the unit of the arrangement according to the invention is directly connected, via
the bleed air line, to the compressor or to a compressor stage. In particular, there are no
components which have a notable influence on the leakage flow, that is to say which use

energy contained in the leakage flow or which compress, expand, heat or cool the leakage

flow. Since the unit is directly connected to the compressor, the arrangement according to

the invention is cost-effective to produce.
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One particularly preferred variant of the invention provides that the unit can be driven by
energy contained in the leakage flow. The unit is thus driven directly by the kinetic and/or
potential energy contained in the leakage fiow. Since no conversion or conditioning of the
leakage flow is required, operation of the arrangement according to the invention can be

particularly energy-efficient.

Preferred embodiments of the invention provide that the arrangement has at least one com-
ponent selected from the following group, which can be charged by the unit with an air
stream for temperature control and/or ventilation: fuel cell, fuel cell arrangement, reformer,

methanol reformer.

It Is also within the scope of the invention that the arrangement is designed as a static ar-
rangement for supplying energy, or alternatively as an airborne vehicle, a land vehicle or a
water vehicle. The various embodiments described can of course be combined with one
another in various variants. It i1s for example possible for an arrangement to have multiple
turbomachines, or for one turbomachine to have multiple bleed air lines connected to differ-

ent units, in particular to pumps, jet pumps or fans.

The invention also relates to an operating method for an arrangement, comprising a tur-
bomachine with a compressor, a combustion chamber and a turbine, and with a bleed air
line, through which a leakage flow flows or can flow and which is connected via a controlla-

ble valve to the compressor, wherein the leakage flow can be or is supplied by the bleed air

line to a unit.

The operating method according to the invention is characterized in that a fan, jet pump or

pump which can be or is driven by the leakage flow is used as the unit.

Other variants of the method according to the invention are described in the dependent

claims.
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There follows a more detailed explanation of the invention, by means of exemplary embodi-

ments and with reference to the drawings. The drawings are schematic illustrations, In

which:

Fig. 1 shows a first exemplary embodiment of an arrangement according to the invention;

and

Fig. 2 shows a second exemplary embodiment of an arrangement according to the inven-

tion.

The arrangement 1 illustrated schematically in figure 1 comprises a turbomachine 2, in the
form of a turbocompressor, with a compressor 3 that has an inlet 4 for an aspirated gas such
as air. The inflowing gas is illustrated schematically in figure 1 by an arrow 5. The compres-
sor 3 has an outlet 7 connected to a plenum 6. The plenum 6 serves to distribute the mass
flow generated by the compressor 3. To that end, there are multiple outlets 20 that are con-
nected to other sub-assemblies (not shown). In order to operate the turbomachine 2 at a
certain operating point within a fixed characteristic diagram, the plenum 6 has a controllable
valve 8 The controllable valve 8 serves to set a certain pressure in the plenum 6, by the
controllable valve 8 being partially or fully open. Connected to the controllable valve 81s a
bleed air line 9. via which the plenum 6 is connected to a unit that, in this exemplary emboad-
iment, is designed as a jet pump 10. The jet pump 10 is thus driven by a leakage flow (leak-
age mass flow) which, in conventional arrangements, escapes unused. In contrast, the ar-
rangement 1 shown in figure 1 makes it possible to use the energy, in particular the kinetic
energy and the potential energy, contained in the leakage flow to drive the jet pump 10.
When the jet pump 10 is driven, it generates a mass flow. It can for example be used as a
vacuum pump. Alternatively, it can be used for controlled ventilation and/or temperature con-
trol of a sub-assembly. In this exemplary embodiment, the jet pump 10 1s connected via a

vacuum line 11 to a fuel cell arrangement 12. Thus, the vacuum generated by the jet pump

10 permits targeted ventilation of the fuel cell arrangement 12.
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After flowing through the jet pump 10, the leakage flow arrives, via a line 13, at an outlet 14
of the arrangement 1. In this exemplary embodiment, the arrangement 1, which encom-

passes the turbomachine 2 and the fuel cell arrangement 12, is part of an aircraft.

Figure 2 shows another exemplary embodiment of an arrangement 15, which largely corre-
sponds with the arrangement 1 shown in figure 1. Therefore, the same reference signs are
used for corresponding components. In accordance with the first exemplary embodiment,
the arrangement 15 comprises a turbomachine 16 with the compressor 3 that has the inlet 4
and the outlet 7. Adjoining this is the plenum 6 which has a small volume in relation to the
mass flow of the turbomachine 16. The controllable valve 8 is connected to the plenum 6
and, via the bleed air line 9, to a unit designed as a fan 17. The fan 17 is driven by the leak-
age flow that 1s diverted from the compressor 3. The fan 17 is connected via a line 18 to a
reformer 19 of a fuel cell arrangement (not shown). The reformer 19 is actively ventilated by
the fan 17. It is also possible for a directed coolant flow to be generated. Furthermore, the

reformer 19 can be subjected to a slight vacuum with respect to the surroundings.

The arrangements 1, 15 shown in figures 1 and 2 make it possible to use energy contained
In the leakage flow of the compressor 3 in order to drive a unit, which can for example be
designed as a Jet pump 10 or as a fan 17. Thus, a substantial part of the energy contained in
the leakage flow, which in the case of conventional applications is discharged to the envi-
ronment either partially or completely unused, 1s converted into kinetic energy, and as a
consequence the turbomachine 2, 16 can be operated more efficiently in terms of its energy
consumption. It is therefore possible for the fan 17 and the jet pump 10 driven by the leak-
age flow to replace other drives, or for such other drives to be made smaller and more light-

weight, thus resulting in advantages In terms of weight and/or cost.
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1 Arrangement
2 Turbomachine
3 Compressor

4 Inlet

o AIrrow

6 Plenum

7 Outlet

8 Controllable valve
9 Bleed air line
10 Jet pump

11 Vacuum line
12 Fuel cell arrangement
13 Line

14 Outlet

15 Arrangement
16 Turbomachine
17 Fan

18 Line

19 Reformer

20 Outlet
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CLAIMS
1. Arrangement (1, 15), comprising a turbomachine (2, 16) with a compressor (3) hav-

ing an outlet (7), and with a bleed air line (9), through which a leakage flow can flow and
which is connected via a controllable valve (8) to the outlet (7) of the compressor (3), for
supplying the leakage flow to a unit, characterized in that the unit is designed as a fan (17),

jet pump (10) or pump which can be driven by the ieakage fiow.

2. Arrangement (1, 15) according to Claim 1, characterized in that the outlet (7) of the com-

pressor (3) is connected to the controllable valve (8) via a plenum (6).

3. Arrangement (1, 15) according to Claim 1 or 2, characterized in that neither a pre-

cooler nor a compressor is arranged between the controllable valve (8) and the unit.

4. Arrangement (1, 15) according to one of the preceding claims, characterized in that

the unit can be driven by energy contained in the leakage fiow.

5. Arrangement (1, 15) according to one of the preceding claims, characterized in that it
has at least one component selected from the following group, which can be charged by the
unit with an air stream for temperature control and/or ventilation: fuel cell, fuel cell arrange-

ment (12), reformer (19), methanol reformer.

6. Arrangement (1, 15) according to one of the preceding claims, characterized in that it
is designed as a static arrangement for supplying energy, or as an airborne vehicle, a land

vehicle or a water vehicle.

7. Operating method for an arrangement (1, 15), comprising a turbomachine (2, 16)
with a compressor (3) having an outlet (7), a combustion chamber and a turbine, and with a

bleed air line (9), through which a leakage flow flows or can flow and which is connected via
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a controllable valve (8) to the outlet (7) of the compressor (3), wherein the leakage flow can
be or is supplied by the bleed air line (9) to a unit, characterized in that a fan (17), jet pump

(10) or pump which can be or is driven by the leakage flow Is used as the unit.

8. Operating method according to Claim 7, characterized in that the outlet (7) of the
compressor (3) is connected to the controllable valve (8) via a plenum (6), and the leakage

flow is drawn from the plenum by means of the controllable valve (8).

. Operating method according to Claim 7 or 8, characterized in that the unit is driven

by the energy contained in the leakage flow.

10. Operating method according to one of Claims 7 to 9, characterized in that use Is
made of at least one component selected from the foliowing group, which is or can be

charged by the unit with an air stream for temperature control and/or ventilation: fuel cell,

fuel cell arrangement (12), reformer (19), methanol reformer.
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