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HIGH PRESSURE DROP MUFFLING SYSTEM

ABSTRACT

A system for venting a high-pressure flow stream is disclosed, the system comprising
a device having a plurality of orifice plates, each orifice plate having a plurality of
orifices, wherein the plurality of orifice plates are oriented relative to each other such

that the pressure of the flow stream substantially drops.
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HIGH PRESSURE DROP MUFFLING SYSTEM

BACKGROUND

Embodiments are provided that relate generally to muffling systems, and more
specifically to muffling systems and apparatus capable of inducing high pressure
drops and desirable flow properties. As used herein, the term “tluid” includes gases

and liquids.

In a gas turbine engine, air is pressurized in a compression module during operation.
The air channeled through the compression module 1s mixed with fuel in a combustor
and ignited, generating hot combustion gases which flow through turbine stages that
extract energy therefrom for powering the fan and compressor rotors and generate
engine thrust to propel an aircraft in flight or to power a load, such as an electrical

generator.

Within at least some known gas turbine engines, a portion of high-pressure air, such
as, for example, bleed air from a compressor, 1s extracted or bled from the compressor
for various needs. These needs include, for example, compressor flow bleeding which
is used in order to improve operability as well as to provide turbine cooling, pressurize
bearing sumps, purge air or provide aircraft environment control. The air 1s bled oft
from the compressor using bleed slots located over specific portions or stages of the

compressor. The extracted bleed air is then supplied to various locations in the engine

via one or more bleed ports.

The problem: In least some known gas turbine engines, during engine operation
occurring in some off-design operating conditions, the compressor may pump more air
than is required for needs to include the combustion process. In order to manage
operability of the engine and combustion performance, a portion ot the excess bleed
air from the compressor is routed through bleed conduits and dumped into a by-pass
flow stream. The pressure and temperature of the air stream bled from the compressor

may be very high. For example, embodiments include those wherein the bleed air
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stream pressure is greater than 200 psi and the bleed air temperature is greater than
about 1000 Deg F. A transient bleed valve system (TBV) system is sometimes used
for bleeding and exhausting the air removed from the compressor. Certain
conventional designs for ventilation systems that dump the bleed air into the by-pass
flow stream use a "Pepper-Pot" design. Such known conventional designs share
limitations in that the Mach number of the flow exhausted into the by-pass stream may
be high and also that the noise generated may be excesstve. Furthermore, conventional
designs are limited 1n that they only work when part of systems having metallic flow
path structures that can handle the hot compressor air that is being routed through the
TBV system. Additionally, some conventional systems are limited in that all the
pressure loads in are managed by relatively few components causing high aero-
mechanical loads and a potential for lower fatigue lives for those components. A new
approach 1s required to reduce the pressures and mach numbers of the bleed air

entering the by-pass stream or other locations further reducing the noise generated.

The solution: Embodiments are provided for a system that facilitates the reduction of
the exposure of the flow path structures to the hot, high pressure and high-mach
number air bled from the compressor or other sources. Embodiments are provided that
facilitate reduction of the pressure of the flow in the bleed system and facilitate
muffhng of the noise generated, reduce temperatures and improve other flow
properties, while protecting the flow path structures from damage due to exposure to
hot air without causing significant disruptions in the flow streams. Additional
embodiments and alternatives provide a system and device that exhausts a high-

pressure source to a low-pressure sink while managing noise and exit flow

distribution. Additionally, a tunable system is provided that is adjustable by easily
performing modifications, as desired, to a limited number of components thereby

providing pressure and Mach number reductions and also reducing noise.
BRIEF DESCRIPTION OF THE INVENTION

The solution for the above-mentioned problem is provided by the present
embodiments to include exemplary embodiments, provided for illustrative teaching
and not meant to be limiting, disclosed herein which provide a system for a venting a
high-pressure tlow stream comprising a device having a plurality of orifice-plates,
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each orifice-plate having a plurality of orifices, wherein the plurality of orifice-plates

are oriented relattve to each other such that the pressure of the flow stream

substantially drops.
BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter for which patent claim coverage is sought is particularly pointed
out and claimed herein. The subject matter and embodiments thereof, however, may
be best understood by reference to the following description taken in conjunction with

the accompanying drawing figures in which:

FIG. 1 1s a schematic cross-sectional view of an exemplary gas turbine engine
assembly having an exemplary vent system having a high pressure drop muffling

device according to an aspect of the present invention.

FIG. 2 1s an isometric view showing an exemplary embodiment of the present
invention that drops high pressure of a hot air stream and flows into a low pressure air

stream 1n a flow path.
FIG. 3 1s an 1sometric cut-up view of the exemplary embodiment of FIG. 2.
FIG. 4 shows exemplary pressure levels in the exemplary device of FIGS. 2 and 3.

FIGS. 5-9 show details for an exemplary stack of orifice plates relating to the
exemplary embodiment of FIG. 3.

FIGS. 10-12 show an exemplary arrangement of orifices in the orifice plates for the

exemplary embodiment shown in FIG. 3.

FIGS. 13-14 show an exemplary de-swirling of the motion of air using the stack of

orifice plates relating to the exemplary device of FIG. 3.

DETAILED DESCRIPTION OF THE EMBODIMENTS

Referring to the drawings wherein identical reference numerals denote the same
elements throughout the various views, FIG. 1 shows a schematic cross-sectional view

of an exemplary gas turbine engine assembly 10 having an exemplary vent system 40.
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Figure 1 shows the gas turbine engine assembly 10 having a longitudinal axis 11. The
gas turbine engine assembly 10 includes a core gas turbine engine 12 that includes a
high-pressure compressor 14, a combustor 16, and a high-pressure turbine 18. In the
exemplary embodiment shown in Fig.l, the gas turbine engine assembly 10 also
includes a low-pressure turbine 20 that 1s coupled axially downstream from core gas
turbine engine 12, and a fan assembly 22 that is coupled axially upstream from core
gas turbine engine 12. Fan assembly 22 includes an array of fan blades 24 that extend
radially outward from a rotor disk 26. In the exemplary embodiment shown in Fig.1,
engine 10 has an intake side 28 and an exhaust side 29. In the exemplary
embodiment, gas turbine engine assembly 10 includes those turbofan gas turbine
engines that are available from General Electric Company, Cincinnati, Ohio. Core gas
turbine engine 12, fan assembly 22, and low-pressure turbine 20 are coupled together
by a first rotor shaft 31, and compressor 14 and high-pressure turbine 18 are coupled

together by a second rotor shaft 32.

In operation, air flows through fan assembly blades 24 and compressed air is supplied
to high pressure compressor 14. The air discharged from fan assembly 22 is
channeled to compressor 14 wherein the airflow is further compressed and channeled
to combustor 16. Products of combustion from combustor 16 are utilized to drive
turbines 18 and 20, and turbine 20 drives fan assembly 22 via shaft 31. Engine 10 is
operable at a range of operating conditions between design operating conditions and

off-design operating conditions.

In the exemplary gas turbine engine assembly 10, at certain selected operating
conditions, a portion of the compressed air is routed through vent system 40, thereby
becoming bleed air 2. Bleed air 2 from compressor 14 enters a bleed flow conduit 44.
The bleed air 2 passes through the conduit 44 and enters a high pressure drop muffling
device 50 that vents bleed air 2 into a flow path, such as a by-pass flow path 4 and
mixes that air with another flow, such as a fan flow stream 1. The bleed flow conduit
44 is made from a variety of material, such as a metal, selected in order to be capable
of withstanding a bleed air 2 flow that is relatively hot. The bleed air 2 air temperature
vartes from about 300 Deg. F to about 1300 Deg. F. The fan flow stream air 1 may
vary in temperature from about 50 Deg. F to about 300 Deg. F. The high pressure drop
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muffling device 50, described in more detail herein below, is in flow communication
with the bleed flow conduit 44 such that the bleed air 2 is discharged as exit flow
stream 5 into by-pass flow path 4 wherein the pressure and mach number of the exit
flow stream 5 are substantially reduced by the muffling device 50, and also facilitating
a reduction of the noise generated by the mixing of the exit flow stream 5 and fan flow

stream 1.

FIG. 2 shows an 1sometric view of a vent system 40 having a high pressure drop
muffling device 50 according to an exemplary embodiment. The vent system 40 vents
a flow of fluid, such as, for example, the relatively hot bleed air stream 2 from the
compressor 14 into a relatively cold air stream being fan flow stream 1 in a selected
flow path, such as a by-pass flow of the gas turbine engine 10. FIG. 3 shows an
isometric, partially cut-up view of the high pressure drop muffling device 50
according to an exemplary embodiment. In further detail, the vent system 40
comprises an inlet conduit, here for example, the bleed flow conduit 44 and also as
shown schematically in FIG. 1. Conduit 44 supplies the bleed air 2 from a source,
such as the compressor device 14. The bleed air 2 is flown into the device 50 by an
inlet flow conduit 101. The high pressure bleed air stream from the inlet air conduit
enters a plenum 102. With reference to Fig. 13, the inlet flow conduit 101 and the
plenum 102 are selectably chosen, as desired, in order to provide a swirling air

motion.

Referring back to Fig. 3 and in further detail, the high pressure drop muffling device
50 comprises diffusive structure to include an orifice plate stack 103. The orifice plate
stack 103 has at least one orifice plate 111 having at least one orifice including a first
orifice 121. As desired, the orifice plate stack 103 has a plurality of orifice plates, such
as for example first orifice plate 111, second orifice plate 112 and third orifice plate
113 as shown in FIGS. 3 - 6. As will be seen in the exemplary embodiments to
follow, the values selected for the size of the orifices are considered in fine tuning.
For example, some embodiments provide that the size values for all orifices are
equivalent. Other embodiments provide that each orifice plate has orifices of a

different size than the orifices present on the other plates. Other embodiments provide
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for a plurality of combinations for number, size and placement of orifices and sizes as

desired 1n order to fine tune the device 50.

In further detail and by example, for selected embodiments, the orifice plates 111 -
113 have one or more orifices. As desired, the size of the orifices is selected wherein
the first orifice 121 has a first size. In addition, the second orifice plate 112 has one or
more second orifices 123 of a second size and the third orifice plate 113 has one or
more corresponding orifices of a third size. With reference to Fig. 4, embodiments
include those wherein the orifice plates 111 - 113 are stacked relative to each other
such that the pressure of the flow from the plenum 102 drops significantly as it passes
through the orifices 121 of the orifice plates 111 - 113. The pressure of the flow is
further dropped by using one or more layers of flow straightener such, as, for example,
flow straighteners formed in a honeycomb shape. Referring to Fig. 3, a first
honeycomb layer 131 1s used to further drop the pressure of the flow. Alternatives
include a plurality of such honeycomb layers, such as, for example, a second
honeycomb layer 132 as shown in Fig. 3. In the exemplary embodiment shown
herein, the honeycomb has a 1/8 in cell made from 3 mil ribbon. The orifice plates
111-113 and honeycomb layers 131, 132 are made from matenials, as desired, to
include nickel base super alloys, and titanium alloys, HastX or other materials. In the
exemplary embodiment shown herein, the honeycomb is supported by a suitable
support structure 133, such as shown in FIG. 3. As desired, the honeycomb is brazed

for reinforcement and attached to the support structure 133 using known attachment

methods.

The exemplary embodiment shown in FIGS. 3-10 includes three orifice plates 111,
112, and 113, and two honeycomb layers 131 and 132. However the design of the
device 50 lends 1tself to alternatives in that adding or subtracting honeycomb layers
and/or orifice plates, as desired, yields a fine tuning of the muffling device 50 and vent
system 40 1n order to achieve suitable flow and noise characteristics. In further detail,
by selecting the relative size, spacing and flow area of the orifices 121, as desired, a
user fine tunes the flow characteristics such as, for example the pressure and Mach
number, and the noise characteristics to reduce the noise. For example and with

reference to FIG. 6, first orifice 121 and second orifice 123 are provided wherein
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second orifice 123 is illustrated, for purposes of this example only, to be formed
wherein the second size 1s greater, being larger in diameter than the first size of first
orifice 121. FIG. 6 also illustrates the relative location of the orifices 121, 123 in
successive orifice plates 111 - 113 in the orifice plate stack 103, with further details of
an exemplary stack 103 also shown in FIGS. 7-9. FIGS. 5-9 show yet further details
of an exemplary embodiment of orifice plate stack 103. In the exemplary embodiment
and with reference to FIG. 7, orifice plates 111 and 112 are stacked such that there is
no line-of-sight through orifice plates 111 and 112. As shown, for example only, the
plates 111 and 112 have the same number of holes, hole size, spacing and pattern, but
the plates 111, 112 are rotated 60 degrees from each other such that there is no line of
sight through their respective orifices 121. This orientation of the orifice plates 111-
112 provides that the flow through the first orifice plate 121 impinges on a wall
portion of the second orifice plate 112. FIGS. 8 and 9 show three orifice plates 111-
113 stacked such that plate 113 can “see” plate 111 but plate 111 cannot fully “see”
plate 113. FIG. 9 is an enlarged view of a portion of the plate stack 103 shown in FIG.
8. FIGS. 10, 11 and 12 show further details for an exemplary orifice plate stack 103
having three orifice plates 111-113.

With respect to noise reduction, as compared to results from use of a “standard”
pepper-pot as found in a range of diameters, embodiments provide a fine-tuned
selection of components that achieve significant noise reduction expressed as a
percentage drop 1n noise from known pepper pot designs. For example, alternatives
include those for which reductions in noise of at least 30% are achieved by fine-
tuning. By further example, embodiments include those wherein the conduit 44 is

formed in a 9 inch diameter.

Reterring back to FIG. 4, in an exemplary embodiment provided for purposes of
illustration and not intended to be limiting, results are shown for a sequence of
pressure drops achieved by such an exemplary embodiment of the high pressure drop
mufiler 50 and diffusive structure shown herein. For example, an inlet pressure, Piget,
of about 224 pst drops measurably by use of the diffusive design of the inlet flow
conduit 101 and the plenum 102. With reference also to FIGS. 13 and 14, as the fluid

moves through the device 50, the turning and swirling motion of the fluid flow
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induced by the geometric design of inlet flow conduit 101 and the plenum 102 helps
to drop the pressure to about 116 psi. Once the fluid clears the orifice plate stack 103

having three orifice plates 111 — 113 oriented as described above turther, the pressure
is reduced to 31 psi. In an exemplary embodiment as described 1n FIG. 10 (e.g., first
orifice plate 111 and second orifice plate 112 having substantially the same flow area
(e.g., about 12.5538 square inches) and the third orifice plate 113 having a
substantially greater flow area (e.g., about 27.9407 square inches)), one of skill in the
art will recognize that a pressure drop as 1llustrated in FIG. 4 (e.g., from about 116 psi
to about 31 psi) across orifice plate stack 103 may result from a choked condition at
second orifice plate 112 and unchoked conditions at first orifice plate 111 and third
orifice plate 113. The flow then enters an inner cavity 141. The flow passes through
the first honeycomb layer 131 and the flow pressure drops to about 27 psi. In the
exemplary embodiment shown, the flow passes through a second honeycomb layer
132 and the pressure drops further to an exit pressure, P, of about 18 psi. The
device 50 1s compact, unlike known systems. One of the advantages of the device 50
shown herein 1s that a significant portion of pressure drop (and reductions in Mach
numbers) occurs in the plenum 102 and the orifice plates 111 — 113 that are located
upstream from the exit point into the bypass stream. Therefore the device 50 generates
significantly lower noise in the bypass stream than other devices. It should be noted
that the relative orientations of the orifices 121 (and 123 where indicated) in the
orifice plates 111 — 113 have the eftect of de-swirling the air as it passed from the
plenum 102 into the inner cavity 141, through the first honeycomb layer 131 into the

outer cavity 142.

This written description uses examples to disclose embodiments and to enable any
person skilled 1n the art to make and use the present invention. The patentable scope
of the invention may include other examples that occur to those skilled in the art in

view of the description.
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WHAT IS CLAIMED IS:

1. A device for reducing pressure of a fluid comprising:

an inlet flow conduit that channels a flow having an inlet pressure into a
plenum, wherein the inlet flow conduit and the plenum are configured to induce a
turning and swirling motion in the tlow;

an orifice plate stack comprising a plurality of orifice plates coupled to the
plenum such that the flow from the plenum flows through a plurality of orifices in the
orifice plates into an inner cavity, each orifice plate having a plurality of orifices such
that pressure of the flow from the plenum to the inner cavity 1s reduced as 1t flows
through the orifice plate stack; and

a flow straightener layer coupled to the inner cavity such that the tlow from
the inner cavity exits through the flow straightener layer such that the device reduces
the pressure of the fluid from the inlet pressure to an exit pressure;

wherein a first orifice plate 1n the orifice plate stack has a first orifice having a
first size, a second orifice plate has a second orifice having a second size, and a third
orifice plate has a third orifice having a third size;

wherein the first orifice plate and the second orifice plate are oriented relative
to each other such that a flow through the first orifice impinges on a wall portion of
the second orifice plate;

wherein a flow area of the first orifice plate and a flow area of the second
orifice plate are substantially the same;

wherein the third orifice plate has a flow area that 1s substantially greater than
the flow area of the first orifice plate and the flow area of the second orifice plate; and

wherein the flow causes a choked condition at the second orifice plate and an

unchoked condition at the first orifice plate and the third orifice plate.

2. The device of claim 1 wherein the flow straightener is formed in a

honeycomb shape.

3. The device of claim 1 further comprising a plurality of flow

straightener layers.
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4. The device of claim 2 wherein the flow straightener 1s supported by
a frame.

5. The device of claim 4 wherein the flow straightener 1s brazed for
reinforcement.

6. The device of claim 1 wherein the orifice plate stack 1s arranged

such that the noise induced by the flow as it flows through the device 1s reduced.

7. The device of claim 1 wherein an orientation of the orifice plates

relative to each other is adjustable to facilitate a reduction 1n noise.

8. The device of claim 1 wherein the number of orifice plates and size

of the orifices in the orifice plates are selected such that the noise generated by the

device is facilitated to be reduced.

9. The device of claim 2 wherein the honeycomb layer is sized to

facilitate a reduction in noise generated by the device.

10. The device of claim 1 wherein the flow exiting from the device has

a substantially uniform flow profile.

11. The device of claim 1 wherein the pressure drop of a flow having a
high mach number occurs substantially away from the location where the flow exits

from the device.

12. The device of claim 1 wherein the noise characteristics of the device

are tunable.

13. The device of claim 12 wherein the noise characteristics of the

device are capable of being tuned by adding or removing an orifice plate.

14. The device of claim 12 wherein the noise characteristics of the
device are capable of being tuned by adjusting the relative orientations of the orifices

In an orifice plate.
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v,

15. The device of claim 12 wherein the noise characteristics of the

device are capable of being tuned by adding or removing a honeycomb layer.

16. The device of claim 12 wherein the tunable noise characteristics

achieve a noise reduction of at least 30 percent.

17. A system for venting a high-pressure flow stream comprising a
device having a plurality of orifice plates, each orifice-plate having a plurality of
orifices, wherein the plurality of orifice plates are oriented relative to each other such
flow through a first orifice plate impinges on a wall portion of a second orifice plate
such that the pressure of the flow stream substantially drops, the first orifice plate and
the second orifice plate having substantially the same flow areas, wherein the first
orifice plate and the second orifice plate are followed by another of the plurality of

orifice plates having a flow area substantially greater than the first orifice plate and

the second orifice plate.

18. The system of claim 17 wherein the device facilitates reducing the

noise generated by the venting system.

19. The system of claim 17, wherein the high-pressure flow stream 1is
supplied to the plurality of orifice plates via an inlet flow conduit and a plenum,
wherein the inlet flow conduit and the plenum are configured to induce a turning and

swirling motion in the flow.

20. The system of claim 17, further comprising flow straightener

following the plurality of orifice plates.

21. The system of claim 20, wherein the flow straightener 1s formed in a

honeycomb shape.

22. The system of claim 21, wherein the noise characteristics of the

system are capable of being tuned by adding or removing a honeycomb layer.

23. The system of claim 17, wherein the noise characteristics of the

system are capable of being tuned by adding or removing an orifice plate.
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