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(57) Abrégée/Abstract:
A bypass valve (130) that regulates a flow of a fluid in a waste heat recovery system (100) Is provided. The bypass valve (130)
comprises a valve housing (220), an expander poppet (250) coupled to the valve housing (220) and adapted to prevent the flow of
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(57) Abrege(suite)/Abstract(continued):
the fluid to an expander (140), and a valve stem (230) with at least a portion disposed in the valve housing (220) whereln the valve

stem (230) Is adapted to displace the expander poppet (250) to allow the fluid to flow to the expander (140), and regulate the flow
of the fluid.



wO 2014/060760 A2 I} 10RO A0 O AR R LA

CA 02888113 2015-04-16

(19) World Intellectual Property
Organization

International Bureau
l —

(43) International Publication Date nnﬂ/

24 April 2014 (24.04.2014) WIPOI|PCT

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(10) International Publication Number

WO 2014/060760 A2

(1)
(21)

(22)

(25)

(26)
(30)

(71)

(72)

International Patent Classification: Not classitied

International Application Number:
PCT/GB2013/052713

International Filing Date:

17 October 2013 (17.10.2013)
Filing Language: English
Publication Language: English
Priority Data:
61/714,964 17 October 2012 (17.10.2012) US
61/823,102 14 May 2013 (14.05.2013) US
61/828,260 29 May 2013 (29.05.2013) US
61/844,973 11 July 2013 (11.07.2013) US
61/846,504 15 July 2013 (15.07.2013) US

Applicant: NORGREN LIMITED [GB/GB]; P.O. Box
22, Eastern Avenue, Lichfield, Staffordshire, WS13 6SB
(GB).

Inventors: MORRIS, John; 724 Hi-Crest Dr., Auburn,
Washington, 98001 (US). SEALY, Mark; Maple Corner,

(54) Title: BYPASS VALVE

FIG. 8

(74)

(81)

2 Jacksons Meadow, Bidtord on Avon, Alcester, Warwick-
shire B50 4HQ (GB). WILLIAMS, Patrick; 15 Morland
Place, Birmingham, West Midlands, B31 2PF (GB). NAR-
BOROUGH, Christopher; 29 Moira Road, Overseal,
Swadlincote, Derbyshire, DE12 6JB (GB).

Agent: HARTWELL, Ian; Ollila Law Limited, First
Floor, Unit 5 The Courtyard, Wixiord Park, Bidford on
Avon, Warwickshire B50 4JS (GB).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
IN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
AYS

[Continued on next page/

(57) Abstract: A bypass valve (130) that regulates a flow of
a fluid mm a waste heat recovery system (100) 1s provided.
The bypass valve (130) comprises a valve housing (220), an
expander poppet (250) coupled to the valve housing (220)
and adapted to prevent the flow of the tluid to an expander
(140), and a valve stem (230) with at least a portion dis-
posed In the valve housing (220) wherein the valve stem
(230) 1s adapted to displace the expander poppet (250) to al-

low the fluid to flow to the expander (140), and regulate the
flow of the fluid.
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BYPASS VALVE

TECHNICAL FIELD

The embodiments described below relate to components 1n fluid systems, and

more particularly, to bypass valves.

BACKGROUND

Internal combustion (IC) engines are used throughout the world and mainly for
motor vehicles. IC engines account for one of the largest consumers of petroleum
products known. Due to the large amount of petroleum products consumed by IC
engines and the gases exhausted from IC engines, numerous regulatory agencies have
implemented regulations or are in the process of implementing regulations that require
minimum average fuel economy of vehicles as well as limit the amount of pollutants
that are exhausted from vehicles.

Earlier attempts at reducing vehicle emissions have centered on exhaust gas
treatments. For example, earlier attempts have introduced reagents into the exhaust gas
stream prior to the gas passing through a catalyst in order to effect selective catalytic
reduction (SCR) of the nitrogen oxides (NOy) in the exhaust gases. Additionally, many
vehicles now include exhaust gas recirculation (EGR) systems to recirculate at least
some of the exhaust gases. Although EGR reduces the harmful emissions of vehicles, 1t
also often reduces the vehicle’s fuel economy.

The uses of SCR and EGR have been effective in reducing the emission
problems 1n the exhaust stream, but have done little in improving the fuel economy and
fuel consumption of vehicles. With the tighter regulations that are being implemented,
many manufacturers have turned their focus to increasing the fuel economy of IC
engines. It 1s generally known that only about thirty to forty percent of the energy
produced by the fuel combustion of IC engines translates to mechanical power. Much of
the remaining energy 1s lost 1in the form of heat. Therefore, one particular area of focus
in the motor vehicle industry has been to recover some of the heat that 1s generated by
the IC engine using a Rankine cycle.

While these prior art attempts have improved the vehicle’s etficiency, they lack
adequate control of the working fluid and the working fluid’s temperature. For example,

United States Patent 4,031,705 discloses a heat recovery system that heats the working
1
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fluid using heat from the IC engine’s exhaust and the IC engine’s cooling circuit, 1.e.,
the IC engine’s radiator. A problem with the “705 patent 1s that the bypass circuit directs
vapor directly into a condenser. Although this 1s typically not a problem for lower
temperature and/or pressure vapors, as the temperature and/or pressure increases, the
shock to the condenser caused by receiving superheated vapor can reduce the life
expectancy of the condenser. Similarly, the vapor may also reduce the life of the “705
expander (1.e., vapor engine). For example, 1f the fluid entering the expander has too
much liquid content, the expander may be damaged by the liquid entering a high speed
expander due to, for example, wear caused by the liquid. The expander may also be
damaged 1f the vapor tluid flow rate or temperature 1s too high.

Accordingly, there 1s a need for a bypass valve in waste heat recovery systems.
There 1s also a need for the bypass valve to regulate a flow of a heated fluid 1n a waste

heat recovery system.

SUMMARY

According to an embodiment, a bypass valve that regulates a tlow of a fluid in a
waste heat recovery system comprises a valve housing, an expander poppet coupled to
the valve housing and adapted to prevent the flow of the fluid to an expander, and a
valve stem with at least a portion disposed in the valve housing wherein the valve stem
1s adapted to displace the expander poppet to allow the fluid to tlow to the expander and
regulate the flow of the flud.

According to an embodiment, forming a bypass valve that regulates a flow of a
fluid 1n a waste heat recovery system comprises forming a valve housing, forming an
expander poppet and coupling the expander poppet to the valve housing to prevent the
flow of the fluid to an expander, and forming and positioning a valve stem with at least
a portion disposed 1n the valve housing and adapting the valve stem to displace the
expander poppet to allow the fluid to flow to the expander and regulate the flow of the
flud.

According to an embodiment, a method of regulating a flow of a fluid 1n a waste
heat recovery system comprises preventing the flow of the fluid to an expander with an
expander poppet, and moving a valve stem i1n the valve housing to and from the

expander poppet to regulate the flow of the flud.

2
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ASPECTS

According to an aspect, a bypass valve (130) that regulates a flow of a fluid 1n a
waste heat recovery system (100) comprises a valve housing (220); an expander poppet
(250) coupled to the valve housing (220) and adapted to prevent the flow of the flmd to
an expander (140); and a valve stem (230) with at least a portion disposed 1n the valve
housing (220) wherein the valve stem (230) 1s adapted to displace the expander poppet
(250) to allow the fluid to flow to the expander (140), and regulate the flow of the flud.

Preferably, the valve stem (230) 1s further adapted to prevent the flow of the fluid
to a bypass outlet (224).

Preferably, the valve stem (230) 1s further adapted to move to and from the
expander poppet (250) to regulate the flow of the fluid.

Preferably, the bypass valve (130) wherein the valve housing (220) further
comprises a bypass outlet (224) and the valve stem (230) 1s further adapted to allow the
fluid to flow to the bypass outlet (224) and the expander (140) simultaneously.

Preferably, the valve stem (230) further comprises a meter profile (232) that
changes a flow control orifice (244) when the valve stem (230) moves in the valve
housing (220) to regulate the flow of the fluid.

Preferably, the flow control orifice (244) comprises a space between valve stem
(230) and the valve housing (220).

Preferably, the valve housing (220) further comprises a bypass outlet (224) and a
valve seat (242) that interfaces with the valve stem (230) to form a fluid seal that
prevents the flow of the fluid to the bypass outlet (224).

Preferably, the bypass valve (130) further comprises a stem spring (234) and a
stem spring retainer (236) adapted to press the valve stem (230) to a bypass flow
position.

Preferably, the bypass valve (130) further comprises an actuation piston (238)
that 1s adapted to move the valve stem (230) towards the expander poppet (250).

Preferably, the bypass valve (130) wherein the actuation piston (238) 1s adapted
to press the valve stem (230) towards the poppet (250).
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Preferably, the bypass valve (130) further comprises a poppet spring (2354 ) that 1s
adapted to press the expander poppet (250) into the valve housing (220) to form a fluid
seal that prevents the flow of the fluid to the expander (140).

Preterably, the valve stem (230) further adapted to regulate the flow of the tluid
to a bypass outlet (224) while preventing fluid flow to the expander (140).

Preferably, the bypass valve (130) further comprising an actuator housing (210)
that 1s coupled to the valve housing (220) with a thermal 1solation gasket (218).

Preferably, the bypass valve (130) further comprising a bushing (240) adapted to
guide the valve stem (230) 1n a substantially linear direction.

According to an aspect, forming a bypass valve (130) that regulates a flow of a
fluid 1n a waste heat recovery system (100) comprises forming a valve housing (220),
forming an expander poppet (250) and coupling the expander poppet (250) to the valve
housing (220) to prevent the flow of the fluid to an expander (140), and forming and
positioning a valve stem (230) with at least a portion disposed 1n the valve housing
(220) and adapting the valve stem (230) to displace the expander poppet (250) to allow
the fluid to flow to the expander (140), and regulate the tflow of the fluid.

Preferably, the forming the valve stem (230) turther comprises adapting the valve
stem (230) to prevent the flow of the fluid to a bypass outlet (224).

Preferably, the forming the valve stem (230) further comprising adapting the
valve stem (230) to move 1n a direction to and from the expander poppet (250) to
regulate the flow of the flud.

Preferably, the forming the bypass valve (130) wherein the forming the valve
housing (220) further comprises forming a bypass outlet (224) and further adapting the
valve stem (250) to allow the fluid to flow to the bypass outlet (224) and the expander
(140) stmultaneously.

Preferably, the forming the valve stem (230) further comprises forming a meter
profile (232) and forming a flow control orifice (244) and adapting the meter profile to
change a flow control orifice (244) by moving the valve stem (230) in the valve housing
(220) to regulate the flow of the fluid.

Preferably, the flow control orifice (244) comprises forming a space between

valve stem (230) and the valve housing (220).
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Preferably, the forming the valve housing (220) further comprises a bypass outlet
(224) and a valve seat (242) that interfaces with the valve stem (230) to guide the valve
stem (230) 1n a substantially linear direction.

Preferably, the forming the bypass valve (130) further comprises forming and
adapting a stem spring (234) and a stem spring retainer (236) to press the valve stem
(230) to a bypass tlow position.

Preferably, the forming the bypass valve (130) further comprises forming and
adapting an actuation piston (238) to move the valve stem (230) towards the expander
poppet (250).

Preferably, the forming the bypass valve (130) wherein the forming and adapting
the actuation piston (238) further comprises forming and adapting the actuation piston
(238) to press the valve stem (230) towards the poppet (250).

Preferably, the forming the bypass valve (130) further comprises forming and
adapting a poppet spring (254) to press the expander poppet (250) into the valve housing
(220) to form a fluid seal that prevents the flow of the fluid to the expander (140).

Preferably, the forming the valve stem (230) further comprises adapting the
bypass valve (230) to regulate the flow of the fluid to a bypass outlet (224) while
preventing fluid flow to the expander (140).

Preferably, the forming the bypass valve (130) further comprises forming and
coupling an actuator housing (210) to the valve housing (220) with a thermal 1solation
gasket (218).

Preferably, the forming the bypass valve (130) further comprises forming a
bushing (240) to gmide the valve stem (230) 1n a substantially linear direction.

According to an aspect, a method of regulating a flow of a fluid 1n a waste heat
recovery system (100) comprises preventing the flow of the fluid to an expander (140)
with an expander poppet (250), and moving a valve stem (230) in the valve housing
(220) to and from the expander poppet (250) to regulate the flow of the flud.

Preferably, the method further comprising flowing the fluid past a meter profile
(232) on the valve stem (230) to regulate the flow of the fluid.

Preferably, the method further comprising displacing the expander poppet (2350)
with the valve stem (230).
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According to an aspect, a waste heat recovery system (100) for an engine,
COMprises:
a tluid supply (104);
one or more evaporators (120) in fluud communication with the fluid supply
(104) and receiving waste heat from the engine (101);
an expander (140) in fluid communication with the one or more evaporators;
a condenser (150); and
a bypass valve (130) comprising a moveable valve member (230) adapted to
provide a fluild communication path between the one or more evaporators
and the condenser,
a moveable pilot piston adapted to move the moveable valve member
(230), and
a static seal (217;720) between the fluid communication path and the
moveable pilot piston.
Preferably, the static seal comprises a membrane.
Preferably, the static seal comprises a flexible bellows (217;722).
Preferably, the bypass valve comprises:
a piston rod attached to the pilot piston and adapted to engage the valve member;
an actuator housing (210) comprising a cylinder for the pilot piston;
wherein a first part of the flexible bellows (217) 1s sealed to the piston rod and a second
part of the flexible bellows 1s sealed to the actuator housing.
Preferably, the {flexible bellows 1s tubular with an internal and an external
surface.
Preferably, the external surface 1s 1n fluud communication with the fluid
communication path.
Preferably, the external surface 1s 1n fluud communication with the fluid
communication path downstream of the valve member.
Preferably, the fluid communication path downstream of the valve member
comprises a convergent-divergent section and wherein the external surface 1s 1n thud
communication with the fluild communication path downstream of the convergent-

divergent section.
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Preferably, the bypass valve comprises a valve housing , the valve housing and
valve member together defining the fluid communication path, wherein the valve
housing and actuator housing are sealingly engaged at a first location and the second
part of the tlexible bellows 1s sealed to the actuator housing at a second location, offset
along the axis of movement of the valve stem tfrom the first location.

According to an aspect, a bypass valve (130) for regulating a flow of a fluid 1n a
waste heat recovery system (100) comprises:

a valve housing (220);

an expander poppet (250) coupled to the valve housing (220) and adapted to
prevent the flow of the fluid to an expander (140); and

a valve stem (230) with at least a portion disposed 1n the valve housing (220)

an actuation piston (238) that 1s adapted to move the valve stem (230)
towards the expander poppet (250) to allow the fluid to flow to the
expander (140) and regulate the tflow of the flud;

a static seal between the valve stem and the moveable pilot piston.

Preferably, the static seal comprises a membrane.

Preferably, the static seal comprises a flexible bellows (217;722).

Preferably, the bypass valve comprises:

a piston rod attached to the actuation piston and adapted to engage the valve
stem;

an actuator housing (210) comprising a cylinder for the actuation piston;

wherein a first part of the flexible bellows (217) 1s sealed to the piston rod and a

second part of the flexible bellows 1s sealed to the actuator housing.

Preferably, the flexible bellows 1s tubular with an internal and an external
surface.

Preferably, the external surface 1s 1in fluid communication with that portion of the
valve housing accommodating the valve stem.

Preferably, the external surface 1s 1in fluid communication with that portion of the
valve housing downstream of the valve stem.

Preferably, that portion of the valve housing downstream of the valve member

comprises a convergent-divergent section and wherein the external surface 1s 1n tluid
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communication with that portion of the valve housing downstream of the convergent-
divergent section.

Preterably, the valve housing and actuator housing are sealingly engaged at a
first location and the second part of the flexible bellows 1s sealed to the actuator housing
at a second location, offset along the axis of movement of the valve stem from the first
location.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a schematic of a waste heat recovery system 100 for an engine 110
according to an embodiment.

FIG. 2a shows a perspective view of the bypass valve 130 according to an
embodiment.

FIG. 2b shows a cross-section view of the bypass valve 130 according to an
embodiment.

FIG. 3a shows the bypass valve 130 in a bypass flow state according to an
embodiment.

FIG. 3b shows the bypass valve 130 1n a regulated bypass tlow state according to
an embodiment.

FIG. 4a shows the bypass valve 130 1n a seated regulated bypass flow state
according to an embodiment.

FIG. 4b shows the bypass valve 130 1n an expander flow state according to an
embodiment.

FIG. S shows a graph 500 depicting an exemplary flow through the bypass valve
130 according to an embodiment.

FIGS. 6A and 6B show a second embodiment of bypass valve in non-actuated
and actuated states respectively;

FIG. 7 shows a third embodiment of a bypass valve.

DETAILED DESCRIPTION

FIGS. 1 — 5 and the following description depict specific examples to teach those
skilled 1n the art how to make and use the best mode of embodiments of a waste heat
recovery system. For the purpose of teaching inventive principles, some conventional
aspects have been simplified or omitted. Those skilled in the art will appreciate

variations from these examples that fall within the scope of the present description.

8
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Those skilled 1n the art will appreciate that the features described below can be
combined 1n various ways to form multiple variations of the waste heat recovery system.
As a result, the embodiments described below are not limited to the specific examples

described below, but only by the claims and their equivalents.

Waste Heat Recovery System

FI1G. 1 shows a schematic of a waste heat recovery system 100 for an engine 110
according to an embodiment. The waste heat recovery system 100 may be implemented
for an engine 110 mounted on a motor vehicle (not shown) to drive that vehicle, for
example. Therefore, the engine 101 may comprise an IC engine, in particular a
reciprocating piston engine. The vehicle may be an on-road truck, the operation of
which 1s set out in the standard ‘highway cycle’ or World Harmonised Test Cycle
(WHTC). Such a truck engine may particularly be powered by diesel or natural gas.
According to an embodiment, the waste heat recovery system 100 may employ a flud,
such as water, an organofluorine such as Freon®, or a hydrocarbon such as ethanol, or
the like as a working fluid. The fluid may change into different states such as liquid and
gas as 1t recovers and converts waste heat from the engine 110 into work. For example,
a Rankine cycle may be employed to convert heat into work. The particular fluid used
may vary {from one application to another.

The waste heat recovery system 100 may include at least one evaporator 120, a
bypass valve 130, and an expander 140 to recover and convert heat from the engine 110
into work. The waste heat recovery system 100 may also include a condenser 130 and a
reservoir 160 to cool the fluid for reuse 1n the waste heat recovery system 100. The
waste heat recovery system 100 may also include a fluid pump 170 and a flow control
module 180 to provide and control the flow of the fluid to the evaporator 120 and
through the waste heat recovery system 100 as will be described 1n the following prior
to discussing the bypass valve 130 1n more detail.

The engine 110 may be coupled to an exhaust pipe 112 which carries a vehicle
exhaust 114. The vehicle exhaust 114 may have waste heat generated by the engine 110.
The engine 110 may be any source of waste heat such as a turbine, electrical motor, etc.
As depicted, the engine 110 may be an IC engine. As depicted, an exhaust pipe 112
carries the vehicle exhaust 114 which may have the waste heat. Although the evaporator

120 1s depicted as recovering the waste heat from the vehicle exhaust 114 flowing
9
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through the exhaust pipe 112, any suitable source of waste heat generated by the engine
110 may be recovered by the waste heat recovery system 100. For example, heat may be
recovered from the engine 110°s exhaust gas recirculation system (EGR).

According to an embodiment, the evaporator 120 may use the waste heat from
the engine 110 to convert the fluid to a superheated vapor although the fluid may be
converted 1nto any suitable form. The evaporator 120 may be any device suitable to
convert the fluid. The evaporator 120 1s 1n fluidd communication with the bypass valve
130 via a fluid line 122. The evaporator outlet 122 fluid may be a superheated vapor
entering the bypass valve 130 at approximately 400°C (752°F) and 40 bar (580 psi)
although any suitable temperature and pressure may be employed. The foregoing
temperatures and pressures are exemplary embodiments and do not limit the scope of
this and other embodiments.

As depicted 1n FIG. 1, the bypass valve 130 may provide a fluid flow from the
evaporator 120 to the condenser 150 and/or the expander 140. The expander inlet 132
fluid enters the expander 140 which converts heat energy 1n the fluid into work 144. The
bypass condenser outlet 134 fluid flows to the condenser 150 without going through the
expander 140. Heat energy in the fluid flowing to the condenser 150 may not be
converted into work 144 by the expander 140. The bypass valve 130 1s described in
more detail with reference to FIGS. 2a-4b.

Still referring to FIG. 1, the expander inlet 132 fluid flows 1nto the expander 140
where 1t may reduce 1n enthalpy while expanding. Therefore, the expander 140 can
convert at least some of the energy of the fluid to the work 144. The work 144 may be 1n
the form of a mechanical motion. The expander 140 may comprise a variety of devices,
such as a turbine, a piston, a vapor engine, such as a rotary vane type vapor engine, etc.
In the depicted embodiment the expander 140 may comprise the vapor engine.

The expander 140 can be mechanically coupled to the crankshaft or other
suitable component of the engine 110 1n order to add power to the engine 110. When the
expander 140 1s not generating work 144, the engine 110 may or may not be
mechanically decoupled from the expander 140.

Still with reference to FIG. 1, the fluid may flow from the expander 140 via the
expander outlet 142 and combine with the bypass condenser outlet 134 fluid before

flowing into the condenser 150. Although the bypass condenser outlet 134 and the

10
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expander outlet 142 fluids are depicted as combining before entering the condenser 150,
the bypass condenser outlet 134 and the expander outlet 142 fluids may tflow into the
condenser 150 separately. For example, the bypass condenser outlet 134 may be coupled
to the condenser 150 via a different port than the expander outlet 142.

The condenser 150 may cool the bypass condenser outlet 134 and/or the
expander outlet 142 fluids to a temperature suitable for the reservoir 160, the fluid pump
170 and/or the flow control module 180. For example, the condenser 150 may cool the
bypass condenser outlet 134 and/or the expander outlet 142 fluids to room temperature.
As depicted, the condenser 150 employs a coolant 134 to cool the bypass condenser
outlet 134 and/or the expander outlet 142 flmids. Heat may be transferred out of the
condenser 150 to the coolant 154 to cool the fluid. The cooled fluid may flow from the
condenser 150 to the reservoir 160 via the condenser outlet 152.

The fluid pump 170 may draw the fluid out of the reservoir 160. The fluid pump
170 can elevate the pressure of the fluid from the reservoir 160 to a higher threshold
pressure. In some embodiments, the fluid pump 170 may raise the pressure of the fluid
to a threshold pressure of approximately 40 bar (580 psi) above the reservoir pressure,
which may be at atmospheric pressure. However, other threshold pressures are certainly
possible and the particular example pressure should 1n no way limit the scope of this and
other embodiments. The fluid pump 170 may be driven by any suitable means. The thud
pump 170 may be driven by the engine 110 or may be driven by a separate electric
motor. The fluid pump 170 may provide the pressurized fluid to the evaporator 120 via
the flow control outlet 182.

With a basic description of the overall waste heat recovery system 100 discussed

in the foregoing, attention 1s now directed to the bypass valve 130.

Bypass Valve
F1G. 2a shows a perspective view of the bypass valve 130 provided according to
an embodiment. The bypass valve 130 may bypass, regulate, and/or direct flow of the
fluid to the expander 140. The bypass valve 130 may also regulate the fluid flows to the
condenser 150. As depicted, the bypass valve 130 may include an actuator housing 210
coupled to a valve housing 220 via a thermal 1solation gasket 218. The actuator housing
210 may have one or more actuator ports 212 although two actuator ports 212 are

depicted. The actuator housing 210 may also have a position sensor 214 coupled to the
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side of the actuator housing 210. The valve housing 220 may have a valve inlet 222, a
bypass outlet 224, and an expander outlet 226. The bypass valve 130 may be coupled to
something else, such as the engine 110, via the one or more bolt holes 228.

F1G. 2b shows a cross-section view of the bypass valve 130 provided according
to an embodiment. In addition to the items described with reference to FIG. 2a, the
bypass valve 130 includes a valve stem 230. The valve stem 230 includes a meter
profile 232. The valve stem 230 may be coupled to a stem spring retainer 236. The stem
spring 234 and stem spring retainer 236 are depicted as disposed 1n an actuation piston
238. The bypass valve 130 also includes a position sensor tlag 270. The position sensor
flag 270 may be comprised of a magnetic material that may be sensed by the position
sensor 214. The valve stem 230 1s slidably coupled to a bushing 240. The bushing 240
may be coupled to an inner surface of the valve housing 220. The bypass valve 130 also
includes a valve seat 242 and a flow control orifice 244 on the valve housing 220. The
bypass valve 130 may also include an expander poppet 250. The expander poppet 250
may be slidably coupled to a poppet retainer 260. In particular, a poppet shaft 252 may
linearly move 1n a guide 262. The expander poppet 250 may also be coupled to the
poppet retainer 260 via the expander poppet spring 254,

The actuator housing 210 and the valve housing 220 are depicted as coupled
together to form an outer housing of the bypass valve 130. However, the outer housing
may be comprised of more or fewer parts i1n alternative embodiments. For example, 1n
alternative embodiments, the valve housing 220 may be 1in two pieces where the two
parts are mated between the valve inlet 222 and the expander outlet 226. The actuator
housing 210 and the valve housing 220 may be made of stainless steel (e.g., 316
stainless steel) for corrosion and heat resistance properties although any suitable
material may be employed. For example, 1in alternative embodiments, a ceramic material
may be employed for high temperature waste heat recovery systems.

The one or more actuator port 212 may be a fluid port that 1s fluidly coupled with
a valve controller 136 described with reference to FIG. 1. Although the one or more
actuator port 212 are depicted as a fluid port that 1s flmudly coupled with the valve
controller 136 any suitable means of coupling the bypass valve 130 to the valve
controller 136 may be employed. For example, the valve controller 136 may be a

stepper driver/controller instead of a controller. Accordingly, the one or more actuator
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ports 212 may be electrical ports that receive stepper motor drive currents to move the
valve stem 230. As shown, the valve controller 136 may be a proportional valve that
regulates the tflow of the fluid from the waste heat recovery system 100 to the bypass
valve to move the piston 238 and/or valve stem 230. That 1s, the fluid 1n the waste heat
recovery system 100 may actuate the bypass valve 130.

The position sensor 214 may be a magnetic position sensor although any sensor
may be employed. For example, in some embodiments, an optical position sensor may
be employed although this may require that the actuator housing 210 include a
transparent view port such as a quartz window. The position sensor 214 may sense the
position of the valve stem 230 by sensing the position of the position flag 270.

The valve inlet 222 may be 1n fluid communication with the evaporator 120. The
bypass outlet 224 may be 1n tluid communication with the condenser 150. The expander
outlet 226 may be 1n fluud communication with the expander 140. The valve inlet 222,
the bypass outlet 224, and the expander outlet 226 are threaded fitting ports although
any suitable means of fluidly coupling the bypass valve 130 with the expander 140 and
the condenser 150 may be employed.

The valve stem 230 may be adapted to displace the expander poppet 250. The
valve stem 230 may also be adapted to regulate a bypass fluid flow. The bushing 240
may be adapted to guide the valve stem 230 in a substantially linear direction. The
bushing 240 may be removable. That 1s, the bushing 240 may be replaced by separating
the actuator housing 210 from the valve housing 220. The expander poppet 250 may be
adapted to prevent the flow of the fluid to the expander 140. For example, the expander
poppet 250 may be adapted to prevent the flow of the fluid to the expander 140 when
pressed against a portion of the valve housing 220. The valve stem 230, the bushing
240, and the expander poppet 250 may be comprised of stainless steel although any
suitable material may be employed. For example, the valve stem 230 may be comprised
of a material with corrosion and wear resistance properties such as 420 stainless steel
with a polished surface or other suitable wear resistant material or coating.

The stem spring 234 and the stem spring retainer 236 may be adapted to press the
valve stem 230 to a bypass flow position that 1s described in more detail below with
reference to FIGS. 3a-3b. The stem spring 234 and the stem spring retainer 236 may be

comprised of any suitable material such as stainless steel. Since, as will be explained 1n
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the following, the stem spring 234 and the stem spring retainer 236 may be isolated
(e.g., thermally) from the fluid. Accordingly, the stem spring 234 and the stem spring
retainer 236 may be selected for their mechanical properties. The actuation piston 238
may be adapted to press the valve stem 230 towards the expander poppet 250. In the
embodiment shown, the actuation piston 238 surrounds the stem spring 234 and the
stem spring retainer 236. The operation of the actuation piston 238 1s described 1n more
detail with reference to FIGS. 3a and 3b.

As will be described 1n the following, the bypass valve 130 may regulate the
flow of fluid from the evaporator 120 by moving the valve stem 230. The bypass valve
130 may also regulate the flow of the fluid to the expander 140 and the condenser 150.

States

FI1G. 3a shows the bypass valve 130 in a bypass flow state according to an
embodiment, the reference numbers below referring to the corresponding features
shown 1n figures 2a and 2b. As depicted in FIG. 3a, the valve stem 230 1s positioned to
maximize a bypass fluid flow. In an embodiment, the maximized bypass fluid flow
maximizes the flow to the condenser 150 via the bypass outlet 224. The valve stem 230
1s depicted as fully withdrawn from the expander poppet 230. The tlow control orifice
244 may be maximized. The expander poppet 2350 1s depicted as pressed into the
actuator housing 210 by the expander poppet spring 254 to create a seal that may
prevent the fluid from flowing through the expander outlet 226 towards the expander
140. In the bypass flow state depicted in FIG. 3a, the evaporator outlet 122 fluid may
enter the valve 1nlet 222 and flow through the flow control orifice 244 past the meter
profile 232.

The bypass flow state may correspond to a maximum bypass tflow rate. That 1s,
the valve stem 230 1s maximally displaced towards the actuator housing 210. The valve
seat 242 may be configured such that when the valve stem 230 1s 1n the depicted
position, obstruction of the tflow from the valve inlet 222 to the bypass outlet 224 1s
minimized. However, in alternative embodiments a different flow control orifice 244
may be used where the maximal flow through the bypass outlet 224 1s at different valve
stem 230 positions. For example, 1t may be desirable to have a maximal bypass tflow
when the valve stem 230 1s positioned to switch the bypass valve 130 out flow from the

valve 1nlet 222 to the bypass outlet 224. As discussed i1n the foregoing, the valve stem
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230 may move 1n the bypass valve 130 to regulate the flow of the fluid 1n the bypass
valve 130, which 1s described 1n the following.

F1G. 3b shows the bypass valve 130 1n a regulated bypass flow state according
to an embodiment, the reference numbers below referring to the corresponding features
shown 1n figures 2a and 2b. As can be seen when comparing FIG. 3a with 3b, the valve
stem 230 1s closer to the expander poppet 230. In this position, the flow control orifice
244 may be smaller than the flow control orifice 244 depicted in FIG. 3a. In an
embodiment, the valve stem 230 may be moved by the valve controller 136 which
provides a pressurized fluid to the actuator housing 210. The pressurized fluid presses
against the actuation piston 238 to compress the stem spring 234. By compressing the
stem spring 234, the valve stem 230 1s moved towards the expander poppet 2350.

In the depicted position, the fluid flowing through the bypass outlet 224 may be
regulated by the flow control orifice 244. As with FIG. 3a, the expander poppet 250 1s
depicted 1in FIG. 3b pressed against the valve housing 220 by the expander poppet spring
254. The fluid may not flow through the expander outlet 226 towards the expander 140.
The fluid flowing through the bypass outlet 224 may be regulated by moving the valve
stem 230 about the position depicted 1n FIG. 3b. For example, the valve stem 230 may
continue moving towards the expander poppet 250 to decrease the size of the flow
control orifice 244 until the valve stem 230 seats on the expander poppet 250 as will be
described 1n the following.

F1G. 4a shows the bypass valve 130 1n a seated regulated bypass flow state
according to an embodiment, the reference numbers below referring to the
corresponding features shown 1n figures 2a and 2b. The valve stem 230 1s depicted as
seated on the expander poppet 250. The expander poppet 250 1s still pressed against the
valve housing 220 by the expander poppet spring 254. The tflow control orifice 244 may
be smaller than depicted in FIGS. 3a and 3b. The seated regulated bypass flow state may
therefore be a minimal bypass flow rate state. That 1s, the fluid flow rate from the
evaporator 120 to the condenser 150 via the bypass outlet 224 may be at a minimum
where there 1s also no fluid flowing to the expander 140. However, as discussed in the
foregoing with reference to FIG. 3a, the valve seat 242 may be different 1n alternative
embodiments and, therefore, the seated regulated bypass flow state may not be a

minimal bypass flow rate state.
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F1G. 4b shows the bypass valve 130 1n an expander flow state according to an
embodiment, the reference numbers below referring to the corresponding features
shown 1n figures 2a and 2b. As depicted, the valve stem 230 1s pressed into the valve
housing 220 which may provide a fluid seal. The fluid seal may prevent the fluid from
flowing from the valve inlet 222 towards the bypass outlet 224. Accordingly, fluid may
not tlow through the bypass outlet 224 towards the condenser 150. The expander poppet
250 1s depicted as pressed by the valve stem 230 towards the poppet retainer 260. The
oguide 262 1n the poppet retainer 260 may limit the lateral or rotational movement of the
expander poppet 250 as it 1s pressed by the valve stem 230. The expander poppet spring
254 may press the expander poppet 250 towards the valve stem 230 which may cause
the valve stem 230 to remain in contact with the expander poppet 250 as the valve stem

230 moves the expander poppet 250.

Operation

In operation, the bypass valve 130 may cycle between the states depicted in
FIGS. 3a - 4b. For example, the bypass valve 130 may regulate the fluid flow from the
evaporator 120 to the condenser 150 without fluid flow to the expander 140 by moving
the valve stem 230 between the positions depicted 1n FIG. 3a and FIG. 4a. The flow
control orifice 244 may change size thereby reducing or increasing the flow and/or
pressure of the flmid to the condenser 150 via the bypass condenser outlet 134.

In another example, flow through the bypass condenser outlet 134 may be
regulated while fluid 1s flowing towards the expander 140. In this example, the valve
stem 230 may be 1n a position that 1s between the position depicted 1in FIGS. 4a and 4b.
The regulation of the flow through the bypass outlet 224 towards the condenser 150 may
also regulate the tflow towards the expander 140. That 1s, reducing the flow through the
bypass outlet 224 may increase the flow through the expander outlet 226 towards the
expander 140.

The distance the valve stem 230 moves may be selected to provide the foregoing
described states. For example, the distance from the bypass state depicted 1n FIG. 3a and
the expander flow state depicted in FIG. 4b may be selected along with the distance that
the valve stem 230 travels before 1t touches the expander poppet 250. In the depicted
embodiment, the distance the valve stem 230 moves between the bypass tlow state and

the expander flow state may be 25mm. The distance that the valve stem 230 can
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displace the expander poppet 250 may be 5 mm. Accordingly, the valve stem 230 may
move within a 20 mm range to regulate the flow of the fluid to the bypass outlet 224
without flow to the expander 140. While the valve stem 230 may be moved within the 5
mm displacement of the poppet 250 to regulate the tflow of the fluid to the condenser
150 and the expander 140. When the valve stem 230 has displaced the expander poppet
250 the 5 mm towards the poppet retainer 260, the valve stem 230 may form a seal with
the valve seat 242 as shown 1n FIG. 4b. Other lengths may be selected.

In the embodiment depicted in FIGS. 3a-4b, the bypass valve 130 may allow the
fluid to tflow through the bypass valve 130. The fluid may flow to the condenser 150
through the bypass outlet 224 and/or to the expander 140 through the expander outlet
226. In other words, the valve stem 230 may never prevent the fluid from flowing
through the bypass outlet 224 and the expander outlet 226. The valve stem 230 may
always allow the fluid to flow from the evaporator 120 which may prevent pressure
buildup 1n the evaporator 120 as the fluid converts from a fluid to a gas. Also, the fluid
may tlow even though the bypass valve 130 may experience a failure. For example, the
valve controller 136 may unexpectedly fail and, therefore, 1s unable to move the valve
stem 230. Even 1n such a situation, the fluid may still flow through the bypass valve 130
thereby preventing a pressure buildup 1n the evaporator 120. In effect, the bypass valve
130 may be considered fail safe.

With the operation of the bypass valve 130 described 1n the foregoing, attention

1s now directed to the bypass valve 130°s use 1in the waste heat recovery system 100.

Use In a Waste Heat Recovery System

According to an embodiment, the waste heat recovery system 100 can be used 1n
the waste heat recovery system 100 that, for example, 1s part of motor vehicles that
include IC engines. The waste heat recovery system 100 can be controlled by the motor
vehicle’s electronics and therefore the waste heat recovery system 100 may not include
its own separate electronics. However, 1in other embodiments, a waste heat recovery
system may employ 1ts own controls. These control systems may control the position of
the valve stem 230 1n the bypass valve 130. For example, the motor vehicle’s control
system may communicate (e.g., electronically) with the valve controller 136 to move the
valve stem 230 between the positions depicted in FIGS. 3a — 4b to, for example, provide

more work 144 to the engine 100.
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The bypass valve 130 may remain 1n the bypass flow state depicted in FIG. 3a
when the work 144 1s not desired or when the temperature of the fluid 1n the evaporator
120 has not reached the threshold temperature. The work 144 may not be desired when
the vehicle 1s braking or stopped. In some embodiments, a brake signal may
automatically de-actuate the valve controller 136 thereby allowing the stem spring 234
to press the valve stem 230 to the bypass flow state or the regulated bypass tlow state.

According to an embodiment, 1f the work 144 1s desired, the valve stem 230 may
be moved to press the expander poppet 2350 towards the poppet retainer 260 to allow
heated flmid (e.g., superheated vapor) to flow to the expander 140. The position of the
valve stem 230 may be controlled by the valve controller 136 as described i1n the
foregoing. The expander 140 may convert the fluid’s heat energy into the work 144. The
amount of work 144 that i1s produced may be controlled by the position of the valve
stem 230. For example, 1if more work 144 1s desired the valve stem 250 may fully
depress the expander poppet 250 to prevent heated fluid from flowing through the
bypass outlet 224. Therefore, the bypass valve 130 may direct fluid flow to the expander
140 to convert waste heat from the engine 110 into work 144. The work 144 may be
employed by the vehicle or any other suitable system, apparatus, etc.

Exemplary flow rates that are determined by the bypass valve 130 states while

used 1n the waste heat recovery system 100 1s described in more detail 1n the following.

Fluid Flow Rates

FIG. 5 shows a graph 500 depicting exemplary flows through the bypass valve
130 according to an embodiment. The graph 500 includes a valve position 510 and a
percentage of full flow 520 axes. The valve position 510 1s depicted in mm units
although any suitable measurement system may be employed. Also, the position ranges
from O to 25 mm which corresponds to the valve stem 230 positions described with
respect to FIGS. 3a-4b. The percentage of full flow refers to the percentage of tflow
possible through the bypass valve 130 which may correspond to the expander flow state
depicted 1n FIG. 4b.

The graph 500 also includes an expander flow rate line 540 and a bypass flow
rate line 550. The expander flow rate line 540 includes a poppet open transition 542 and
a 100% expander flow 544 regions. The poppet open transition 542 may correspond to

the seated regulated bypass flow state depicted in FIG. 4a. The 100% expander flow 544
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region may correspond to the expander flow state depicted in FIG. 4b. The bypass tlow
rate line 350 includes a 50% flow rate 532 and a 0% flow rate 554 regions. The S0%
flow rate 552 region corresponds to when the valve stem 230 1s 1n the position depicted
in FIG. 3a.

The expander flow rate line 3540 corresponds with fluid flow through the
expander outlet 226. The bypass flow rate line 5350 corresponds with fluid flow through
the bypass outlet 224. As can be observed from the graph 500, the fluid flow through the
bypass valve 130 is through bypass outlet 224 and/or the expander outlet 226. The
expander flow rate line 540 and the bypass flow rate line 550 shows that the expander
outlet 226 flow rate increases relatively faster than the bypass outlet 224 flow rate. For
example, the expander flow rate line 540 1s flat until the poppet open transition 542
occurs. The bypass flow rate line 550 decreases from about the 50% flow rate 3352 to
about 0% tlow rate 534. This 1s also the same position on the valve position 510 axis
where the expander flow rate line 540 reaches 100% fluid flow. Accordingly, there may
always be fluid flow through the bypass valve 130 which may be intrinsically or fail
safe. The flmid tlow through the bypass valve 130 1s also regulated as can be observed
by the linear fluid flow rates. Although linear fluid flow rates are depicted 1n the graph
500, other fluid flow rates may be employed. For example, 1t may be desirable to have
curvilinear fluid flow rates.

Although the foregoing describes the position of the valve stem 230 being
determined for a given amount of work 144, the position of the valve stem 230 may be
determined on the basis of a variety of other parameters. For example, the valve stem
230 position may also be controlled to regulate the temperature and pressure of the
evaporator outlet 122 fluid. While the valve stem 230 1s being positioned to regulate the
temperature and pressure of the fluid in the evaporator 120, the heated fluid may not be
flowing to the expander 140. Accordingly, the fluid 1n the evaporator 120 may reach a
temperature and pressure that utilizes the expander 140 at a desired efficiency. For
example, in a waste heat recovery system 100 that employs a Rankine cycle, the
efficiency of the expander 140 may depend on the temperature and pressure of the fluid
that enters the expander 140. The position of the valve stem 230 may also be controlled
to utilize the condenser 150 1n a desired manner (e.g., to extend the life of the condenser

150, maintain a desired fluid temperature in the condenser 150, etc.) Accordingly, 1n
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these and other embodiments, the bypass valve 130 may regulate a flow of the heated
fluid 1n a waste heat recovery system.

FIGS. 6A and 6B show a bypass valve 700 according to another embodiment.
The bypass valve 700 may include a valve housing 710 with an actuator port 712, an
inlet 714, a bypass outlet 716, and an expander outlet 718. The valve housing 710 may
also 1nclude a two way breather 719 to allow fluid to flow to and from valve housing
710. The bypass valve 700 may include an actuator seal 720 that separates an actuator
portion 710a from the regulating portion 710b of the valve housing 710. The fluid in the
actuator portion 710a of the valve housing 710 may be pressurized fluid to actuate the
bypass valve 700. For example, the fluid 1n the actuator portion 710a may be
pressurized air. The valve housing 710 may also include a two way breather 719. The
fluid 1n the regulating portion 710b of the valve housing 710 may be the working tlud
that 1s regulated by a stem 730. The stem 730 may be slidably coupled to the valve
housing 710 and coupled to the actuator seal 720 at the stem seal 732. The bypass valve
700 may also include a piston 740 that 1s coupled to the stem 730 and a return spring
750. The return spring 750 may provide a biasing force to oppose the pressurized fluid
in the actuator portion 710a of the valve housing 710. The bypass valve 700 may also
comprise a poppet 760 that 1s slidably coupled to the valve housing 710.

The valve housing 710 may be fluidly coupled to the evaporator(s) 120 and to the
expander 140 and the condenser 150. For example, the inlet 714 may be tfluidly coupled
to the evaporator(s) 120. Additionally, the bypass outlet 716 may be fluidly coupled to
the condenser 150 and the expander outlet 718 may be fluidly coupled to the expander
140. The expander 140 and the condenser 150 may therefore be in selective and
proportional fluid communication with the evaporator(s) 120 via the bypass valve 700.
The valve housing 710 may also enclose pressurized fluid in the actuator portion 710a to
actuate the bypass valve 700 to regulate fluid flow to the expander 140 and the
condenser 150. The pressurized fluid in the actuator portion 710a of the valve housing
710 and the working fluid 1n the regulating portion 710b of the valve housing 710 may
be separated by the actuator seal 720.

The actuator seal 720 may be a static fluid seal that separates fluid 1n the actuator
portion 710a from the fluid 1n the regulating portion 710b of the valve housing 710. The

actuator seal 720 may include a membrane, which may comprise a bellows 722 that
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allows the stem 730 to move to regulate the fluid 1n the bypass valve 700. That 1s, even
though the bellows of the actuator seal 720 1s coupled to the stem 730 to form a static
seal at the stem seal 732, the stem 730 may still move linearly 1n the valve housing 710
to regulate the flow of the fluid. The movement of the stem 730 may be seen in the
difference between the figures shown in FIGS. 6A and 6B. The movement stretches the
bellows 722. During this movement, fluid under the piston 740 may pass through the
two way breather 719 to prevent buildup of undesirable fluid pressure under the piston
740.

The stem 730 may be a proportional flow stem that regulates the flow of the tluid
to the expander 140 and/or the condenser 150. For example, the stem 730 may include a
profile that 1s adapted to change the size of an opening between the stem 730 and the
valve housing 710 to regulate the flow of the fluid by moving the stem 730 in the bypass
valve 700. The piston 740 may be coupled to the stem 730 with a screw 742 although
any suitable means of coupling may be employed. The piston 740 may include seals 744
that allow the pressurized fluid to press the piston 740 towards the poppet 760. The stem
730 may be returned to position shown 1n FIG. 6A by the return spring 750. The stem
730 may also be adapted to displace the poppet 760.

The poppet 760 may prevent the flow of the working fluid to the expander 140 to
ensure that the working fluid does not have conditions that are unsuitable when the
working fluid 1s supplied to the expander 150. For example, the poppet 760 may be
closed 1f the working fluid 1s not fully vaporized (e.g., has liquid droplets.) The poppet
760 may be opened by the stem 730 when the working fluid 1s fully vaporized and at a
desirable temperature. The poppet 760 may be pressed against the valve housing 710 or
the stem 730 by the poppet spring 752.

The bypass valve 700 may regulate the flow of the working fluid 1n the waste
heat recovery system 100 without an atmospheric dynamic seal. As shown 1n FIGS. 6A
and 6B, the actuator seal 720 separates the working fluid 1n the regulating portion 710b
from the actuator portion 710a. Accordingly, the stem 730 may be moved by means
other than the working fluid, such as pressurized air, without an atmospheric dynamic
seal. For example, pressurized air may enter the inlet 712 and press against the piston
740 to move the stem 730 towards the poppet 760. This may reduce the flow of the fluid

to the condenser 150. The return spring 750 may press against the pressurized fluid.
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Accordingly, the pressure in the pressurized fluid may be varied by, for example, a
controller (not shown) that moves the stem 730 1n the bypass valve 700. In alternative
embodiments, the actuator portion 710a may include, for example, an electric actuator
utilizing a linear drive motor instead of the piston 740. For example, instead of using
pneumatic actuation, the stem 730 may be moved by a linear drive motor. An alternative
embodiment may employ a hydraulic actuation mechanism, which may employ as the
hydraulic fluid the working fluid of the waste heat recovery cycle or a different fluid
from a separate hydraulic circuit to the waste heat recovery cycle. Accordingly, the
bypass valve 700 may regulate the flow of the working fluid 1n the waste heat recovery
system 100 with no dynamic seals to atmosphere.

F1G. 7 1s a perspective sectional view of another embodiment of a bypass valve
130 according to the invention and including an actuator housing 210 sealingly coupled
to a valve housing 220 via gasket 218.

Actuator housing 210 and valve housing 220 are clamped together by a V-section
band 233, which may be a simple deformed band. In contrast to bolted or screwed
connections, such a clamp offers freedom of orientation between elements, a
centralising effect for multiple elements being clamped, consistent clamping range over
different temperature ranges of different clamp elements and avoidance of thread
galling.

Actuator housing 210 comprises a pneumatic cylinder 213 accommodating a
piston 211 attached to one, upper end of a rod 2135, the other, lower end of which
engages the upper end of valve stem 230 by means of a blind bore 231.

To prevent leakage of any — potentially superheated - fluid at the upper portion of
valve stem 1nto the pneumatic cylinder 213, a tubular bellows 217, made from metal e.g.
steel, 1s sealed between the lower end 215 of the rod 215 and the outside of the bore
219 through which the rod 215 passes into the cylinder 213. In the same or alternative
embodiments, the metal bellows could be made from other materials. The bellows 217
1s arranged such that the pressure of the working fluid acts on the outside of the bellows,
which beneficially affects the life of the bellows. As shown, the bore 1s vertically offset
from the lower end of the actuator housing (by means of tubular extension 221), with

the result that the bellows also sit within the envelope of the actuator housing.
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The arrangement of the valve housing 220 1s similar to that of embodiments
above, with a valve 1nlet 222, a bypass outlet 224, and an expander outlet 226 controlled
by the valve stem 230.

The valve housing 220 also includes a flow connection 227 that connects the
region adjacent the upper portion 23001 the valve stem 230 (and outside of the bellows )
to a region of lower pressure downstream of the bypass outlet 224. This reduces the
pressure of any working fluid at the upper region of the valve stem on the bellows 217.
This eliminates high and variable pressures of working fluid that could limit the life of
the bellows and improves control of the valve. As shown, conduit connects downstream
of a convergent-divergent ventur:t 132 1n the bypass outlet 224; however, this pressure
relieving connection could be connected to alternative low pressure locations in the
circuit.

In addition, stem 230 has a specific control stem profile, with seats at both travel
limits to limut the build-up of pressure from the working fluid on the bellows 217. The
stem has a low leakage bushing and sealing at both ends.

F1G. 8 shows a cross-sectional view of the vapor control module 103 according
to an embodiment. According to an embodiment, the vapor control module 103 when 1n
a first position comprises a housing 403, which houses the bypass valve 128. As shown,
the bypass valve 128 can include a biasing member 460, which can bias a valve member
461 towards a first position. In the first position, the valve member 461 can open a fluid
communication path between the inlet port 127 and the first outlet port 157 and close a
fluid communication path between the inlet port 127 and the second outlet port 158.
According to an embodiment, between the inlet port 127 and the outlet port 157 1s a
needle valve 131. The needle valve 131 can be provided to control the flow rate and
pressure through the vapor control module 103. According to an embodiment, the
needle valve 131 can be adjusted by actuating the adjustor 431. As shown, when the
bypass valve 128 1s 1n the first position, fluid can flow from the inlet port 127, through
the needle valve 131 to a bypass fluid chamber 462. According to an embodiment, the
valve member 461 includes a valve seal 463, which 1s located within the bypass tluid
chamber 462 and 1s configured to seal against a valve seat 464. However, when the
bypass valve 128 1s actuated to the first position, the valve seal 463 1s moved away from

the valve seat 464.
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According to an embodiment, downstream from the bypass fluid chamber 462,
the superheated fluid flows 1nto the ventur: 132. The venturi 132 can further reduce the
pressure of the superheated fluid and increase the velocity of the superheated fluid
before exiting the second outlet port 157 and flowing to the condenser 150. In some
embodiments, the superheated fluid may increase to a sonic velocity, for example. As
discussed above, 1n some embodiments, the vapor control module 103 can further
include an 1njection port 463, which can receive cooling fluid from the fluid supply 104
via the cooling valve 133. When the cooling valve 133 1s actuated, the cooling liquid
can flow into the vapor control module 103 at the ventur: 132 of the bypass circuit 130.
As those skilled 1n the art can appreciate, by increasing the velocity of the superheated
fluid to sonic velocity, the cooling liquid 1s better dispersed and therefore, the cooling
efficiency 1s increased. Therefore, prior to the fluid leaving the outlet port 157, the
superheated fluid cooled. This feature helps reduce the thermal shock experienced by
the condenser 150.

Additionally or alternatively, a flow control valve 142 may regulate the tflow of
the fluid from the cooling valve 133 to the injection port 465. The flow control valve
142 may control the flow based on parameters in the waste heat recovery system 100
and/or the engine 101. For example, a temperature gauge 144 may provide a
temperature of fluid in the bypass circuit 130. The flow control valve 142 may control
the tflow of the fluid to the injection port based on the temperature of the fluid in the
bypass circuit 130. The flow control valve 142 may also control the flow based on the
engine’s 101 power output. For example, the tlow control valve 142 may increase the
flow to the bypass circuit 130 when the engine’s 101 power output drops due to the
vehicle slowing due to the operator releasing the gas pedal. The cooling fluid may enter
the bypass circuit 130 to cool the superheated fluid when the vapor control module 103
diverts the superheated fluid flow from the expander 140 to the bypass circuit 130.

According to an embodiment, the bypass valve 128 can also be actuated to a
second position. In the second position, fluid flows from the inlet port 127 to the second
outlet port 158 towards the expander 140. In order to actuate the bypass valve 128 to
the second position, the pilot supply valve 137 can be actuated from the default, first
position, to a second position. Substantially simultaneously, or prior to actuating the

pilot supply valve 137, the exhaust valve 138 can also be actuated to a second position
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to close the exhaust valve 138. As can be appreciated, 1n alternative embodiments, the
pilot supply valve 137 and the exhaust valve 138 can be replaced with a single 3/2-way
valve or some other single valve configuration. With the exhaust valve 138 closed and
the pilot supply valve 137 actuated, fluid pressure 1s supplied to the pilot valve actuator
139. As can be seen 1n FIG. 4, pressurized fluid supplied to the pilot valve actuator 139
acts on a piston member 439. When the pressure acting on the piston member 439
reaches a threshold pressure, the biasing force of the biasing member 460 and the flmid
pressure acting on the valve member 461 1s overcome to move the valve member 461
towards a second position (down according to the orientation shown). As the valve
member 461 moves down, the valve seal 463 seals against the valve seat 464 and a
second valve seal 466 unseats from a second valve seat 467.

According to an embodiment, with the valve member 461 1n the second position,
fluid can flow from the inlet port 127 towards the second outlet port 158 and towards
the expander 140. However, with the valve seal 463 sealed against the valve seat 464,
fluid 1s substantially prevented from flowing directly to the condenser 150. Although
the valve seal 463 1deally forms a completely flmid-tight seal, even 1t a small amount of
fluid escapes past the valve seal 463, the fluid will simply flow to the condenser 150 and
thus, a pressure will not build up 1n the bypass fluid chamber 462.

As can be appreciated, the vapor control module 103 must be able to withstand
the extreme pressures and temperatures of the superheated vapor flowing from the
evaporator(s) 120. Therefore, a number of features are included 1n the vapor control
module 103 to accommodate such extreme conditions. According to an embodiment,
the sealing perftormed by the bypass valve 128 can be accomplished with metal-to-metal
sealing. Therefore, the valve seals 463 and 466 along with the valve seats 464, 467 can
all comprise a metal. Those skilled 1n the art will readily appreciate suitable metals.
Furthermore, because of the poppet nature of the valve seals 463, 466 and valve seats
464, 4677, hittle pressure drop 1s experienced through the bypass valve 128 when 1n the
second position.

Additionally, the pilot valve actuator 139 1s designed to limit the heat transferred
to the elastomeric seal 468 and guide ring 469 used for the piston 439. For example,
according to an embodiment, the pilot valve actuator 139 can include a plurality of heat

fins 470. As 1s generally known 1n the art, heat fins can aid 1n dissipating heat by
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increasing the surface area of the component. Therefore, the heat fins 470 can remove
some of the heat experienced by the contact between the housing 403 and the pilot valve
actuator 139. In addition to the heat fins 470, according to an embodiment, the pilot
valve actuator 139 can be coupled to the housing 403 using brackets 471. The brackets
471 can create an air gap 472 to further increase the surface area of the pilot valve
actuator 139. This minimizes the surface area of contact between the pilot valve
actuator 139 and the housing 403. These features can help to thermally decouple the
pilot valve actuator 139 from the remainder of the vapor control module 103.

The bypass valve 130 1s described 1n the foregoing as being employed in the
exemplary waste heat recovery system 100. However, the bypass valve 130 may be
employed 1n a variety of waste heat recovery systems different from the waste heat
recovery system 100 depicted in FIG. 1. For example, the bypass valve 130 may
regulate the flow of the heated fluid 1n another waste heat recovery system that employs
additional valves that regulate the flow of fluids to the evaporator 120. That 1s, the
bypass valve 130 may regulate the flow of the fluid in conjunction with other valves.
The bypass valve 130 may also be employed in waste heat recovery systems that
employ a variety of temperature sensors to control the position of the valve stem 230.

The detailed descriptions of the above embodiments are not exhaustive
descriptions of all embodiments contemplated by the inventors to be within the scope of
the present description. Indeed, persons skilled in the art will recognize that certain
elements of the above-described embodiments may variously be combined or eliminated
to create further embodiments, and such further embodiments fall within the scope and
teachings of the present description. It will also be apparent to those of ordinary skill in
the art that the above-described embodiments may be combined 1n whole or 1in part to
create additional embodiments within the scope and teachings of the present description.

Thus, although specific embodiments are described herein for illustrative
purposes, various equivalent modifications are possible within the scope of the present
description, as those skilled in the relevant art will recognize. The teachings provided
herein can be applied to other waste heat recovery systems, and not just to the
embodiments described above and shown 1n the accompanying figures. For example, the
teachings provided herein may be applied to waste heat recovery systems that employ

cycles other than the Rankine cycle. Alternatively / 1 addition, elements of the
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invention may be applied to bypass valves that employ actuation mechanisms rather
than pneumatic, e.g. electric. Accordingly, the scope of the embodiments described

above should be determined from the following claims.
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CLAIMS
We claim:
. A waste heat recovery system (100) for an engine, comprising:
a tluid supply (104);

one or more evaporators (120) 1n fluid communication with the fluid supply
(104) and receiving waste heat from the engine (101);

an expander (140);

a condenser (150); and

a bypass valve adapted to selectively provide a fluid communication path
between the one or more evaporators and the expander or the one or more

evaporators and the condenser.

2. The waste heat recovery system of claim 1, wherein the bypass valve (130)
COMprises:
an 1nlet port (127) in flmud communication with an outlet of the one or more
evaporators (120);
a first outlet port (158) 1n fluid communication with the expander (140);
a second outlet port (157) 1n fluid communication with the condenser (1350);
a first valve member (230) adapted to prevent flow of fluid from the inlet port to
the first outlet port;
a second valve member (230) adapted to regulate the flow of fluid from the inlet
port to the second outlet port; and
an actuator adapted to actuate the first valve member and the second valve

member.

3. The waste heat recovery system of claim 1, wherein the bypass valve (130)
COMPrises:
a valve housing having;
an 1nlet port (127) 1 fluid communication with an outlet of the one or

more evaporators (120);
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a first outlet port (138) 1n fluid communication with the expander (140);
and
a second outlet port (157) 1n flmud communication with the condenser
(150);
a poppet (230) coupled to the valve housing (220) and adapted to prevent
flow of fluid from the 1nlet port to the first outlet port; and
a valve stem (230) with at least a portion disposed in the valve housing (220)

and adapted to regulate the flow of fluid from the inlet port to the second

outlet port.
4 The waste heat recovery system of claim 3, wherein the valve stem (230) 1s
adapted to:
displace the poppet (250) to allow the flow of fluid from the inlet port to
the first outlet port; and
regulate the flow of fluid from the 1nlet port to the second outlet port.
. The waste heat recovery system of claim 2, wherein the actuator 1s a fluid-

powered actuator and 1s selectively 1n fluid communication with the fluid supply (104).

0. The waste heat recovery system of claim 5, wherein the actuator 1s selectively 1n

fluid communication with the fluid supply (104) via a pilot supply valve (137).

7. A bypass valve (130) for regulating a tflow of a fluid 1in a waste heat recovery
system (100), comprising:
a valve housing (220);
an expander poppet (250) coupled to the valve housing (220) and adapted to
prevent the flow of the fluid to an expander (140); and
a valve stem (230) with at least a portion disposed 1n the valve housing (220)
wherein the valve stem (230) 1s adapted to:
displace the expander poppet (250) to allow the fluid to flow to the
expander (140); and

regulate the flow of the fluid.
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3. The bypass valve of claim 7, wherein the valve stem (230) 1s further adapted to
prevent the flow of the fluid to a bypass outlet (224).

9. The bypass valve of claim 7, wherein the valve stem (230) 1s further adapted to
move to and from the expander poppet (250) to regulate the flow of the flud.

10.  The bypass valve (130) of claim 7 wherein the valve housing (220) further
comprises a bypass outlet (224) and the valve stem (230) 1s further adapted to allow the

fluid to flow to the bypass outlet (224) and the expander (140) simultaneously.

11.  The bypass valve of claim 7, wherein the valve stem (230) further comprises a
meter profile (232) that changes a flow control orifice (244) when the valve stem (230)

moves 1n the valve housing (220) to regulate the flow of the tluid.

12.  The bypass valve of claim 11, wherein the flow control orifice (244) comprises a

space between valve stem (230) and the valve housing (220).

13.  The bypass valve of claim 7, wherein the valve housing (220) further comprises a
bypass outlet (224) and a valve seat (242) that interfaces with the valve stem (230) to
form a fluid seal that prevents the flow of the fluid to the bypass outlet (224).

14.  The bypass valve (130) of claim 7, further comprising a stem spring (234) and a
stem spring retainer (236) adapted to press the valve stem (230) to a bypass flow

position.

15.  The bypass valve (130) of claaim 7, further comprising an actuation piston (238)

that 1s adapted to move the valve stem (230) towards the expander poppet (250).

16.  The bypass valve (130) of claim 135, wherein the actuation piston (238) 1s adapted
to press the valve stem (230) towards the poppet (250).
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17.  The bypass valve (130) of claim 7, further comprising a poppet spring (234) that
1s adapted to press the expander poppet (250) into the valve housing (220) to form a
fluid seal that prevents the tlow of the flmid to the expander (140).

18.  The bypass valve of claim 7, wherein the valve stem (230) 1s further adapted to
regulate the flow of the fluid to a bypass outlet (224) while preventing fluid flow to the

expander (140).

19.  The bypass valve (130) of claim 7, further comprising an actuator housing (210)

that 1s coupled to the valve housing (220) with a thermal 1solation gasket (218).

20.  The bypass valve (130) of claim 19, further comprising a bushing (240) adapted
to form a fluid seal with the valve stem (230) that prevents the fluid in the valve housing

(220) from entering the actuator housing (210).

21.  Method of forming a bypass valve (130) for regulating a flow of a fluid in a
waste heat recovery system (100), comprising:
forming a valve housing (220);
forming an expander poppet (250) and coupling the expander poppet (250) to
the valve housing (220) to prevent the flow of the fluid to an expander
(140); and
forming and positioning a valve stem (230) with at least a portion disposed 1n
the valve housing (220) and adapting the valve stem (230) to:
displace the expander poppet (250) to allow the fluid to tflow to the
expander (140); and
regulate the flow of the fluid.

22.  The method of claim 21, wherein the step of forming the valve stem (230) further

comprises adapting the valve stem (230) to prevent the flow of the fluid to a bypass
outlet (224).
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23.  The method of claim 21, wherein the step of forming the valve stem (230) further
comprises adapting the valve stem (230) to move 1n a direction to and from the expander

poppet (250) to regulate the flow of the flud.

24.  The method of claim 21, wherein the step of forming the valve housing (220)
further comprises forming a bypass outlet (224) and further adapting the valve stem
(250) to allow the fluid to flow to the bypass outlet (224) and the expander (140)

simultaneously.

25.  The method of claim 21, wherein the step of forming the valve stem (230) further
comprises forming a meter profile (232) and forming a flow control orifice (244) and
adapting the meter profile to change a tlow control orifice (244) by moving the valve

stem (230) 1n the valve housing (220) to regulate the flow of the fluid.

26.  The method of claim 25, wherein the step of forming a flow control orifice (244)

comprises forming a space between valve stem (230) and the valve housing (220).

2’7.  The method of claim 21, wherein the step of fOorming the valve housing (220)
further comprises forming a bypass outlet (224) and a valve seat (242) that interfaces
with the valve stem (230) to form a flmid seal that prevents the flow of the fluid to the
bypass outlet (224).

28.  The method of claim 21, wherein the step of forming the bypass valve (130)
further comprises forming and adapting a stem spring (234) and a stem spring retainer

(236) to press the valve stem (230) to a bypass flow position.

29.  The method of claim 21, further comprising the step of forming and adapting an

actuation piston (238) to move the valve stem (230) towards the expander poppet (250).

30.  The method of claim 29, wherein the step of forming and adapting the actuation

piston (238) further comprises forming and adapting the actuation piston (238) to press
the valve stem (230) towards the poppet (2350).
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31.  The method of claim 21, further comprising the step of forming and adapting a
poppet spring (254) to press the expander poppet (250) into the valve housing (220) to
form a fluid seal that prevents the tlow of the fluid to the expander (140).

32.  The method of claim 21, wherein the step of forming the valve stem (230) further
comprises adapting the bypass valve (230) to regulate the flow of the fluid to a bypass
outlet (224) while preventing fluid flow to the expander (140).

33.  The method of claim 21, further comprising the step of forming and coupling an

actuator housing (210) to the valve housing (220) with a thermal 1solation gasket (218).

34.  The method of claim 33, further comprising the step of forming a bushing (240)
and a fluid seal between the bushing (240) and the valve stem (230) that prevents the

fluid 1n the valve housing (220) from entering the actuator housing (210).

35. A method of regulating a flow of a fluid 1n a waste heat recovery system (100),
comprising:
moving a valve stem (230) in the valve housing (220) to and from the expander
poppet (250) adapted to prevent the flow of the fluid to an expander (140)
to regulate the flow of the fluid.

36. The method of claim 335, further comprising the step of flowing the fluid past a
meter profile (232) on the valve stem (230) to regulate the flow of the fluid.

37.  The method of claim 35, further comprising the step of allowing the flow of the
fluid to the expander (140) by displacing the expander poppet (250) with the valve stem

(230).

38. A waste heat recovery system (100) for an engine, comprising:

a fluid supply (104);
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one or more evaporators (120) in fluud communication with the fluid supply
(104) and receiving waste heat from the engine (101);

an expander (140) 1n fluid communication with the one or more evaporators;

a condenser (150); and

a bypass valve (130) comprising a moveable valve member (230) adapted to
provide a fluild communication path between the one or more evaporators
and the condenser,
a moveable pilot piston adapted to move the moveable valve member
(230), and
a static seal (217;720) between the fluild communication path and the

moveable pilot piston.

39.  The waste heat recovery system of claim 38, wherein the static seal comprises a

membrane.

40.  The waste heat recovery system of claim 39, wherein the static seal comprises a

flexible bellows (217;722).

41.  The waste heat recovery system of claim 40, wherein the bypass valve
COMprises:
a piston rod attached to the pilot piston and adapted to engage the valve member;
an actuator housing (210) comprising a cylinder for the pilot piston;
wherein a first part of the flexible bellows (217) 1s sealed to the piston rod and a

second part of the flexible bellows 1s sealed to the actuator housing.

42.  The waste heat recovery system of claim 41, wherein the flexible bellows 1s

tubular with an internal and an external surface.

43.  The waste heat recovery system of claim 42, wherein the external surface 1s 1n

fluid communication with the fluid communication path.
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44.  The waste heat recovery system of claim 43, wherein the external surface 1s 1n
fluid communication with the fluid communication path downstream of the valve

member.

45.  The waste heat recovery system of claim 45, wherein the fluild communication
path downstream of the valve member comprises a convergent-divergent section and
wherein the external surface 1s i fluid communication with the fluild communication

path downstream of the convergent-divergent section.

46.  The waste heat recovery system of claim 41, wherein the bypass valve comprises
a valve housing , the valve housing and valve member together defining the fluid
communication path, wherein the valve housing and actuator housing are sealingly
engaged at a first location and the second part of the flexible bellows 1s sealed to the
actuator housing at a second location, offset along the axis of movement of the valve

stem from the first location.

47. A bypass valve (130) for regulating a tlow of a fluid 1n a waste heat recovery
system (100), comprising:
a valve housing (220);
an expander poppet (250) coupled to the valve housing (220) and adapted to
prevent the flow of the fluid to an expander (140); and
a valve stem (230) with at least a portion disposed 1n the valve housing (220)
an actuation piston (238) that 1s adapted to move the valve stem (230)
towards the expander poppet (250) to allow the fluid to tlow to the
expander (140) and regulate the flow of the fluid;

a static seal between the valve stem and the moveable pilot piston.

48.  The bypass valve of claim 47, wherein the static seal comprises a membrane.

49.  The bypass valve of claim 48, wherein the static seal comprises a flexible

bellows (217;722).
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530.  The bypass valve of claim 49, wherein the bypass valve comprises:

a piston rod attached to the actuation piston and adapted to engage the valve

stem;
an actuator housing (210) comprising a cylinder for the actuation piston;
wherein a first part of the flexible bellows (217) 1s sealed to the piston rod and a
second part of the flexible bellows 1s sealed to the actuator housing.

J1.  The bypass valve of claim 30, wherein the flexible bellows 1s tubular with an

internal and an external surface.

J2. The bypass valve of claam 51, wherein the external surface 1s 1n {tlhud

communication with that portion of the valve housing accommodating the valve stem.

33. The bypass valve of claim 52, wherein the external surface 1s 1n flud

communication with that portion of the valve housing downstream of the valve stem.

34.  The bypass valve of claim 53, wherein that portion of the valve housing
downstream of the valve member comprises a convergent-divergent section and wherein
the external surface 1s 1n fluild communication with that portion of the valve housing

downstream of the convergent-divergent section.

55.  The bypass valve of claim 51, wherein the valve housing and actuator housing
are sealingly engaged at a first location and the second part of the flexible bellows 1s
sealed to the actuator housing at a second location, offset along the axis of movement of

the valve stem from the first location.
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