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MULTIROTOR FLOW CONTROL VALVE

BACKGROUND

The technical ficld generally relates to flow control valves in engine related
gaseous streams. Presently available flow control valves suffer from highly constrained
trade-offs between flow capacity and controllability. Butter fly and poppet valves have
very good flow capacity but they have a highly non-linear flow response making
controllability difficult. Butter fly and poppet valves also require relatively large actuator
torque to control the valve. Rotary valves have improved controllability with a more linear
flow response, but also have drawbacks. Rotary valves have limited available flow area
and therefore a reduced flow capacity, and further many commercially available rotary
valves include a 90° turn within the valve or on exit of the valve, thereby increasing
pressure drop and further reducing flow capacity. Therefore, further technological

developments are desirable in this area.
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SUMMARY
One embodiment 15 a unique article of manufacture including a high capacity,
highly responsive rotary valve. Further embodiments, forms, objects, features, advantages,

aspects, and benefits shall become apparent from the following description and drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 15 a schematic diagram of a system including a high capacity rotary valve.

Fig. 2a is a schematic diagram of a high capacity rotary valve at first open position.

Fig. 2b is a schematic diagram of the high capacity rotary valve at an intermediate
position.

Fig. 2¢ is & schematic diagram of the high capacity rotary valve at a second
position.

Fig. 3 is a schematic diagrarm of a high capacity rotary valve separated to illustrate
an engagement gear and ridged arc members,

Fig. 4 is an exploded schematic illustration of a high capacity rotary valve.

Fig. 5a is a schematic diagram of a first rofor and a second rotor in a first position.

Fig. 5b is a schematic diagram of the first rotor and the second rotor in a second
position,

Fig. 5¢ is a schematic diagram of an isometric view of the first rotor and the second

rotor in the second position.
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DESCRIPTION OF THE ILLUSTRATIVE EMBODIMENTS

For the purposes of promoting an understanding of the principles of the invention,
reference will now be made to the embodiments illustrated in the drawings and specific
language will be used to describe the same. Tt will nevertheless be understood that no
limitation of the scope of the invention is thereby intended, any alterations and further
modifications in the illustrated embodiments, and any further applications of the principles
of the invention as 1llustrated therein as would normally oceur to one skilled in the art to
which the invention relates are contemplated herein.

Fig. 1 is a schematic diagram of a systern 100 including a high capacity rotary
valve 106. The system 100 includes an internal combustion engine 102 having a gaseous
flow stream 104 and the rotary valve 106 disposed in the gaseous flow stream 104, The
system 100 may further include an intercooler 122, an EGR cooler 120, and/or an
afterireatment component 118. The exemplary system 100 further includes a compressor
124 and a turbine 126. The compressor 124 and turbine 126 are shown separately in Fig. 1
to morc clearly show the operational connections of various streams, but the compressor
124 and turbine 126 are typically positioned together in a turbocharger device connected
by ashaft. The gaseous flow stream 104 may be an exhaust gas recirculation (EGR) 104
as shown, but the gaseous flow stream 104 may be any engine-related stream known in the
art. Non-limiting exemplary gaseous flow streams include an EGR cooler bypass 108, a
turbine bypass 110, a compressor bypass 112, an intercooler bypass 114, and/or an
aftertreatment component bypass 116. The routes and connections of the various bypass
streams are exemplary and non-limiting. The system 100 may include multiple rotary

valves 106 although only one is shown for clarity.
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Fig. 2a 1s a schematic diagram of a high capacity rotary valve 106, The rotary
valve 106 includes a first rotor 204 (reference Fig. 2b) and a second rotor 202. In the
illustration of Fig. 2a, the rotors 202, 204 are at at a second position, or an open position,
having a maximum flow-through area 208. The rotary valve 106 includes a stator 206
coupled to the rotors, the stator having a flow-through area inchuding the maximum flow-
through area 208. The maximum flow-through area 208 represents the greatest available
flow-through area available from the orifices, slots, or other openings in the stator 206, as
limited by structural or other considerations. For example, pins, bolts, screws, or other
devices may attach to or pass through the stator 206, and a portion of the rotors 202, 204
may not rotate completely out of the path of the stator 206 openings.

In certain embodiments, the first rotor 202 and the second rotor 204 rotate
simultanecously and in opposite directions. In certain embodiments, a single actuator 210
moves both the first rotor 202 and the second rotor 204. The rotation of the rotors 202,
204 in simultanecous, opposite directions allows for rapid response of the rotary valve 206
to a position command, and further enables ease of actuating both rotors 202, 204 from a
single actuator. In alternate embodiments, the rotors 202, 204 may move in the same
direction, serially, be independently operable, or actuated in any manner known in the art.
Fig. 2¢ illustrates the rotors 202, 204 in a first position that closes the gaseous flow stream.
The rotors 202, 204 in Fig. 2¢ co-ordinate to cover the maximum flow-through area 208 of
the stator 206. The illustration of Fig. 2b shows the rotors 202, 204 rotated to an

intermediate position.
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In certain embodiments, the maxiroum flow-through area 208 includes more than
50% of a total flow area of the gasecus flow stream. In certain further emibodiments, the
maximum flow-through area comprises more than 66% of a total flow area of the gaseous
flow siream. Referencing Fig. 5, rotors 202, 204 and a stator 206 from & rotary valve are
illustrated, where the stator 206 includes a maximum flow-through area of around 2/3 of a

total flow area of a gaseous flow stream 1in which the valve is positioned. It can be seen

o : . on-1) u
that the use of multiple rotors allows a maximum flow area of (i ——— | where n is the
\ nJ

number of rotors utilized. In certain embodiments, the rotary valve includes n rotors, and

the rotary valve includes a maximum flow-through area 208 of less than a

. ~1) . on-1 . e
fraction (1 - EM‘J , & fraction between 0.5 and [i L , and alternatively or additionally
1 1

A

. n n—1 :
a fraction between [1 - ——J and (] - \1 . The number of rotors n may be any integer
n-+ n o

value, including at least a value of 2 and a value between 3 and 6, inclusive.

Referencing Fig. 4, an exploded rotary valve 106 is shown. The rotary valve
includes a second stator 406, where each of the stator 206 and the second stator 406 engage
a spacer 308. The second stator 406 includes a second flow-through area 408 that includes
the maximum flow-through area 208. In certain embodiments, each of a flow-through arca
412 through the stator 206 and the second flow-through area 408 through the second stator
408 correspond to the maximum flow-through area 208. In certain embodiments, the flow
through area 412 and the second flow-through arca 408 arc aligned and close 1n the first

position of the rotors {(e.g. as illustrated in Fig. 2¢) and open in the second position of the

rotors (e.g. as illustrated in Fig. 2a)}.



WO 2011/133652 PCT/US2011/033222

An exemplary system includes a total of # rotors, where the maximum flow-
through area includes a fraction of a total flow arca of the gaseous fluid stream, and where

L . n S A .
the fraction has a value between (E - —~—--~~~) and EG ~—w—w\), In further embodiments, »
o+ no

may be a value between 3 and 6, inclusive. In certain embodiments, the system includes a

total of n rotors, where the maximum flow-through area includes a fraction of a total flow

~
Y

. . e W { oy
arca of the gascous thud stream, and where the fraction has a value between l I~ M:E iand
n+iy

In certain embodiments, the gaseous flow stream may be a high temperature and/or
corrosive stream. The stators 206, 406 and the spacer 308 are a material capable of
withstanding the temperature and composition of the gaseous flow stream, and in certain
embodiments the stators 206, 406 and the spacer 308 are stainless steel, and may
specifically be steel 316. In certain embodiments, the rotors 202, 204 are a high
temperature material that may include Inconel®, tungsten, titanium, or other high
temperature and/or corrosion resistant material, In certain embodiments, stainiess steel
and/or high temperature materials may not be required for the stators 206, 406, rotors 202,
204, and spacer 308.

Fig. 4 is an exploded schematic illustration of a rotary valve 106. The rotary valve
106 includes the first rotor 202 having a first flow-through area that is more than 50% of a
total first rotor flow area (e.g. the area of the first rotor 202 disposed in the gaseous fluid
stream). The rotary valve 106 includes a second rotor 204 having a second flow-through
area that is more than 50% of a total second rotor flow area. The first rotor 202 includes a

first ridged arc member 304 and the second rotor 204 includes a second ridged arc member
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306. The rotary valve 106 further includes an upstream stator 206 and a downstream stator
406, each stator having a co-extensive stator flow-through area 412, 408 and a co-
extensive structural area (i.e. the portions of the stators 206, 406 that are not the flow-
through areas 412, 408). The rotary valve 106 includes an actuator 210 having an
engagement gear 302, where the engagement gear 302 is disposed between the first ridged
arc member 304 and the second ridged arc member 306 (reference Fig. 3). The ridged arc
members 304, 306 include ridges or teeth that engage the engagement gear 302 such that a
turn of the engagement gear moves the first ridged arc member 304 and the second ridged
arc member 306 in opposing directions. The first rotor 202 and the second rotor 204 are
phased such that, at a first position of the engagement gear 302 (e.g. reference Fig. 2¢) the
first rotor and second rotor co-ordinate to cover the co-extensive stator flow-through area
(i.e. the rotary valve 106 is closed or at a minimally open position), and such that at a
second position of the engagement gear 302 (e.g. reference Fig, 2a) the first flow-through
area and the second flow-through areas are co-extensive and include the co-extensive stator
flow-through arcas 408, 412.

The exemplary rotary valve 106 further includes the spacer 308 engaging the
upstream stator 206 and the downstream stator 406, the spacer 308 having an axial extent
encompassing the upstream stator 206 and the downstream stator 406. The rotary valve
106 further a ceramic spacer 410 disposed between the actuator 210 and the spacer 308.
The ceramic spacer 410 reduces heat transfer to the actuator 210 and is capable of
withstanding the temperatures experienced from heat transfer by the gaseous stream. The
ceramic spacer 410 may be made of other non-ceramic materials that withstand the

required temperatures and that reduce heat transfer including at least glass and rock wool.
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The rotary valve 106 further includes a first beveled washer 402 disposed between the
upstream stator 206 and the first rotor 202, and a second beveled washer 404 disposed
between the downstream stator 406 and the second rotor 204. In certain embodiments, the
first flow-through area through the first rotor 202 is between 55% to 75% of the total first
rotor flow area, and the second flow-through area through the second rotor 204 is between
55% to 75% of the total second rotor flow area.

As s evident from the figures and text presented above, a variety of embodiments
according to the present invention are contemplated.

One exemplary embodiment is a system, including an internal combustion engine
having a gaseous flow stream and a rotary valve disposed in the gaseous flow stream. The
rotary valve includes a first rotor and a second rotor, where the first rotor and the second
rotor rotate simultaneously and in opposite directions. The rotors in a first position close
the gaseous flow stream and in a second position the rotors include a maximum flow-
through area. The system further includes a stator coupled to the rotors, the stator having a
flow-through area including the maximum flow-through arca. In certain embodiments, the
maximuin flow-through area includes more than 50% of a total flow area of the gaseous
flow stream. In certain further embodiments, the maximum flow-through area comprises
more than 66% of a total flow area of the gaseous flow stream. The gaseous flow stream
may be an exhaust gas recirculation (EGR), an EGR cooler bypass, a turbine bypass, a
compressor bypass, an intercooler bypass, or an aftertreatrent component bypass. In
certain embodiments, a single actuator moves both the first rotor and the second rotor.

The exemplary system further includes a second stator, where each of the stator and

the second stator engage a spacer, and where the second stator includes a second flow-
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through area also including the maximum flow-through area. In certain embodiments,
each of the flow-through area and the second flow-through area correspond to the
maximum flow-through area.

An exemplary system includes a total of # rotors, where the maximum flow-
through area includes a fraction of a total flow area of the gaseous fluid stream, and where
n-13

and (E e ! In further embodiments, »
s noJ

s

p
\ . 4 - 7o
the fraction has a value between | 1-- |

L oa+ly

may be a value between 3 and 6, inclusive. In certain embodiments, the system includes a

total of » rotors, where the maximum flow-through area includes a fraction of a total flow

. . . R
area of the gascous fluid stream, and where the fraction has a value between (1 - ij and
#+

0.5.

Another exemplary embodiment is an apparatus, including a rotary valve disposed
in a gaseous flow stream, and a first rotor and a second rotor. The rotors in a first position
close the gascous flow stream and in a sccond position include 2 maximum flow-through
area that is more than 50% of a total flow area of the gaseous flow stream. The apparatus
further includes a stator coupled to the rotors, the stator having a flow-through area that
includes the maximum flow-through arca. In certain embodiments, the first rotor and
second rotor rotate simultancousty and in opposite directions, and a single actuator may
engage both the first rotor and the second rotor. The exemplary apparatus includes the first
rotor and second rotor made of a high temperature material, and the stator made of
stainless steel. In further embodiments, the gaseous flow stream includes an engine related

fluid conduit including an exhaust fluid conduit, an EGR fluid conduit, or an EGR cooler

bypass fluid conduit.

10
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Yet another exemplary embodiment is an article of manufacture, including a first
rotor having a first flow-through area and a first ridged arc member, where the first flow-
through area includes more than 50% of a total first rotor flow area. The article of
manufacture further includes a second rotor having a second flow-through area and a
second ridged arc member, where the second flow-through area includes more than 50% of
a total second rotor flow arca. The article of manufacture further includes an upstream
stator and a downstream stator, cach stator having a co-extensive stator flow-through area
and a co-extensive structural area. The article of manufacture includes an actuator having
an engagement gear, where the engagement gear is disposed between the first ridged arc
member and the second ridged arc member, such that a turn of the engagement gear moves
the first ridged arc member and the second ridged arc member in opposing directions. The
first rotor and the second rotor are phased such that, at a first position of the engagement
gear the first flow-through area and the second flow through area are co-extensive and
include the co-extensive stator flow-through area, and at a second position of the
engagement gear the first rotor and second rotor co-ordinate to cover the co-cxtensive
stator flow-through area.

Certain embodiments of the article of manufacture further include a spacer
engaging the upstream stator and the downstream stator, the spacer having an axial extent
encompassing the upstream stator and the downstream stator. The article of manufacture
further includes a ceramic spacer disposed between the actuator and the spacer. The
upstream stator and the downstream stator may be stainless steel. Further embodiments of
the article of manufacture further include a first beveled washer disposed between the

upstream stator and the first rotor, and a second beveled washer disposed between the

11



WO 2011/133652 PCT/US2011/033222

downstream stator and the second rotor. In certain embodiments, the first flow-through
area is between 55% to 75% of the total first rotor flow area, and the second flow-through
area is between 55% to 75% of the total second rotor flow area.

While the invention has been illustrated and described in detail in the drawings and
foregoing description, the same is to be considered as illustrative and not restrictive in
character, it being undersiood that only certain exemplary embodiments have been shown
and described and that all changes and modifications that come within the spirit of the
inventions are desired to be protected. In reading the claims, it is intended that when
words such as “a,” “an,” “at least one,” or “at least one portion” are used there 15 no
intention to limit the claim to only one item unless specifically stated to the contrary in the
claim. When the language “at least a portion” and/or “a portion” is used the item can

include a portion and/or the entire item unless specifically stated to the contrary.

12
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WHAT IS CLAIMED 1S:

i. A systern, comprising:

an internal cornbustion engine having a gascous flow stream;

a rotary valve disposed in the gaseous flow stream, comprising:

a first rotor and a second rotor wherein the first rotor and the second rotor
rotate simultaneously and in opposite directions;

wherein the rotors in a first position close the gaseous flow stream and in a
second position comprise a maximurn flow-through area; and

a stator coupled to the rotors, the stator having a flow-through area
comprising the maximum flow-through area.

2. The system of claim 1, wherein the maximum flow-through area comprises
more than 50% of a total flow area of the gaseous flow stream.

3. The system of claim 1, wherein the gaseous flow stream comprises a stream
sclected from: an exhaust gas recirculation (EGR), an EGR cooler bypass, a turbine
bypass, a compressor bypass, an intercooler bypass, and an aftertreatment component
bypass.

4. The system of claim 1, further comprising a second stator, each of the stator and
the second stator engaging a spacer, and the second stator having a second flow-through
area comprising the maximum flow-through area.

5. The system of claim 4, wherein each of the flow-through area and the second

flow-through area correspond to the maximum flow-through area.

13
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6. The system of claim 1, further comprising a single actuator that moves both
TOtors.

7. 'The system of claim 1, wherein the maximum flow-through area comprises
more than 66% of a total flow area of the gaseous flow stream.

8. The system of claim 1, further comprising a total of » rotors, wherein the

maximum flow-through area comprises a fraction of a total flow area of the gaseous fluid

\.

7 / '

- © P [ n n N \

strearn, the fraction comprising a value between | 1 ———— |and | -
K n+1 * n

s
9. The system of claim 8, wherein n comprises a value between 3 and 6, inclusive.

10. The system of claim 1, further comprising a total of n rotors, wherein the

maximum flow-through area comprises a fraction of a total flow area of the gaseous fluid

™
: . n
stream, the fraction comprising a value between (l - ————IJ and 0.5.
a+1

11. An apparatus, comprising:
a rotary valve disposcd in a gaseous flow strcam, comprising:

a first rotor and a second rotor wherein the rotors in a first position close the
gaseous flow stream and in a second position comprise a maximum flow-through
area that is more than 50% of a total flow arca of the gaseous flow stream; and

a stator coupled to the rotors, the stator having a flow-through area
comprising the maximum flow-through area.

12. The apparatus of claim 11, wherein the first rotor and second rotor rotate
simultaneously and in opposite directions.
13. The apparatus of claim 12, further comprising a single actuator that engages

both the first rotor and the second rotor.

14
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14, The apparatus of claim 11, wherein the first rotor and second rotor comprise a
high termperature material, and wherein the stator comprises stainless steel.

15. The apparatus of claim 14, wherein the gaseous flow stream comprises an
engine related fluid conduit comprising a fluid conduit selected from the fluid conduits
consisting of an exhaust fluid conduit, an EGR fluid conduit, and an EGR cooler bypass
fluid conduit.

16. An article of manufacture, comprising:

a first rotor having a first flow-through area comprising mere than 50% of a total
first rotor flow area and further having a first ridged arc member;

a second rotor having a second flow-through area comprising rmore than 50% of a
total second rotor flow area and further having a second ridged arc member;

an upstream stator and a downstream stator, each stator comprising a co-extensive
stator flow-through arca and a co-extensive structural area;

an actuator comprising an engagement gear, wherein the engagement gear disposed
between the first ridged arc member and the second ridged arc member, wherein 2 turn of
the engagement gear moves the first ridged arc member and the second ridged arc member
in opposing directions; and

wherein the first rotor and second rotor are phased such that:

at a first position the first rotor and second rotor co-ordinate to cover the co-
extensive stator flow-through area; and

at a second position of the engagement gear the first flow-through area and
the second flow through area are co-extensive and comprise the co-extensive stator

flow-through area.

15
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17. The article of manufacture of claim 16, further comprising a spacer engaging
the upstream stator and the downstream stator and having an axial extent encompassing the
upstream stator and the downstream stator.

18. The article of manufacture of claim 17, further comprising a ceramic spacer
disposed between the actuator and the spacer.

19, The article of manufacture of claim 16, wherein the upstream stator and the
downstream stator comprise stainless steel.

20. The article of manufacture of claim 16, further comprising a first beveled
washer disposed between the upstream stator and the first rotor, and a second beveled
washer disposed between the downstream stator and the second rotor.

21. The article of manufacture of claim 16, wherein the first flow-through area
comprises 55% to 75% of the total first rotor flow area, and wherein the second flow-

through area comprises 55% to 75% of the total second rotor flow area.

16
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