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Description

FIELD OF THE INVENTION

[0001] The present invention relates in general to heat
generators, and more particularly, to a supplemental liq-
uid heating system for providing supplemental heat to a
passenger compartment of an automotive vehicle.

BACKGROUND

[0002] Conventional automotive vehicles typically in-
clude a heating system for supplying warm air to a pas-
senger compartment of the vehicle. The heating system
includes a control system that allows a vehicle operator
to regulate the quantity and/or temperature of air deliv-
ered to the passenger compartment so as to achieve a
desirable air temperature within the passenger compart-
ment. Cooling fluid from the vehicles engine cooling sys-
tem is commonly used as a source of heat for heating
the air delivered to the passenger compartment.
[0003] The heating system typically includes a heat ex-
changer fluidly connected to the vehicle’s engine cooling
system. Warm cooling fluid from the engine cooling sys-
tem passes through the heat exchanger where and gives
up heat to a cool air supply flowing through the heating
system. The heat energy transferred from the warm cool-
ing fluid to the cool air supply causes the temperature of
the air to rise. The heated air is discharged into the pas-
senger compartment to warm the interior of the vehicle
to a desired air temperature.
[0004] The vehicle’s engine cooling system provides
a convenient source of heat for heating the vehicle’s pas-
senger compartment. One disadvantage of using the en-
gine cooling fluid as a heat source, however, is that there
is typically a significant delay between when the vehicle’s
engine is first started and when the heating system be-
gins supplying air at a preferred temperature. This is par-
ticularly true when the vehicle is operated in very cold
ambient conditions or has sat idle for a period of time.
The delay is due to the cooling fluid being at substantially
the same temperature as the air flowing through the heat-
ing system and into the passenger compartment when
the engine is first started. As the engine continues to
operate, a portion of the heat generated as a byproduct
of combusting a mixture of fuel and air in the engine cyl-
inders is transferred to the cooling fluid, causing the tem-
perature of the cooling fluid to rise. Since, the tempera-
ture of the air being discharged from the heating system
is a function of the temperature of the cooling fluid pass-
ing through the heat exchanger, the heating system will
produce proportionally less heat while the engine cooling
fluid is warming up than when the cooling fluid is at a
preferred operating temperature. Thus, there may be an
extended period of time between when the vehicle’s en-
gine is first started and when the heating system begins
producing air at an acceptable temperature level. The
time it takes for this to occur will vary depending on var-

ious factors, including the initial temperature of the cool-
ing fluid and the initial temperature of the air being heated.
It is preferable that the temperature of the cooling fluid
reach its preferred operating temperature as quickly as
possible.
[0005] Another potential limitation of using the engine
cooling fluid as a heat source for the vehicle’s heating
system is that under certain operating conditions the en-
gine may not be rejecting enough heat to the cooling fluid
to enable the air stream from the vehicle’s heating system
to achieve a desired temperature. This may occur, for
example, when operating a vehicle with a very efficient
engine under a low load condition or in conditions where
the outside ambient temperature is unusually cold. Both
of these conditions reduce the amount of heat that needs
to be transferred from the engine to the cooling fluid to
maintain a desired engine operating temperature. This
results in less heat energy available for heating the air
flowing through the vehicle’s heating system.
[0006] Accordingly it is desirable to develop a supple-
mental heating system capable of intermittently providing
additional heating of an engine’s cooling fluid so as to
improve the heating efficiency of the vehicles’ passenger
compartment heating system.
[0007] DE-A1-198,50,064 relates to a valve with two
or more rollers arranged at its perimeter, transversely
across the flow channel and parallel to each other. At
least one of these rollers has a longitudinal cavity in it
extending less than 360 deg around its circumference so
that there is a gap for the passage of the heat transfer
medium whose cross section can be varied by rotating
the rollers.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The present invention will become more fully
understood from the detailed description and accompa-
nying drawings, wherein:

Fig. 1 is a schematic depiction of a conventional en-
gine cooling system and passenger compartment
heating system;
Fig. 2 is schematic depiction of the vehicle supple-
mental heating system of the present invention inte-
grated with the engine cooling system and heating
shown in Fig. 1;
Fig. 3 is a schematic depiction of a supplemental
heating system incorporating a spool valve for con-
trolling distribution of cooling fluid within the system;
Fig. 4, which does not form part of the claimed in-
vention, is a is a front perspective view of a supple-
mental heating system employing the spool valve;
Fig. 5, which does not form part of the claimed in-
vention, is top elevational view of a fluid distribution
module of a supplemental heating system;
Fig. 6, which does not form part of the claimed in-
vention, is rear elevational view of the fluid distribu-
tion module of a supplemental heating system;
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Fig. 7, which does not form part of the claimed in-
vention, is a top elevational view of a supplemental
heating system with the fluid distribution module re-
moved;
Fig. 8, which does not form part of the claimed in-
vention, is a cross-sectional view of the fluid distri-
bution module taken along section 8- 8 of Figure 7,
showing a spool valve located in a bypass mode po-
sition;
Fig. 9, which does not form part of the claimed in-
vention, is a partial cross-sectional view of the fluid
distribution module of Fig. 8 showing details of the
spool valve;
Fig. 10, which does not form part of the claimed in-
vention, is a cross-sectional view of the fluid distri-
bution module taken along section 8-8 of Fig. 7,
showing a spool valve located in a dedicated mode
position;
Fig. 11, which does not form part of the claimed in-
vention, is a partial cross-sectional view of the fluid
distribution module of Fig. 10 showing details of the
spool valve;
Fig. 12, which does not form part of the claimed in-
vention, is a cross-sectional view of the fluid distri-
bution module taken along section 8-8 of Figure 7,
showing a spool valve located in a dedicated mode
with modulation;
Fig. 13, which does not form part of the claimed in-
vention, is a partial cross-sectional view of the fluid
distribution module of Fig. 12 showing details of the
spool valve;
Fig. 14, which does not form part of the claimed in-
vention, is a side elevational view of the spool valve
deployed in the supplemental heating system,
shown fully retracted;
Fig. 15, which does not form part of the claimed in-
vention, is a cross-sectional view of the spool valve
of Fig. 14, taken along section 15- 15;
Fig. 16, which does not form part of the claimed in-
vention, is a side elevational view of the spool of the
fluid distribution module, shown fully expanded;
Fig. 17, which does not form part of the claimed in-
vention, is a cross-sectional view of the spool of Fig.
16, taken along section 17-17;
Fig. 18, which does not form part of the claimed in-
vention, is a cross-sectional view of the fluid distri-
bution module taken along section 18-18 of Fig. 5;
Fig. 19, which does not form part of the claimed in-
vention, is a cross-sectional view of the fluid distri-
bution module taken along section 19-19 of Fig. 5;
Fig. 20 is a schematic depiction of a supplemental
heating system incorporating a dual check valve fluid
distribution module for controlling distribution of cool-
ing fluid within the system;
Fig. 21 is a front perspective view of the supplemen-
tal heating system deploying the dual check valve
fluid distribution module;
Fig. 22 is a rear perspective view of the supplemental

heating system deploying the dual check valve fluid
distribution module;
Fig. 23 is an exploded rear perspective view of the
dual check valve fluid distribution module;
Fig. 24 is a partially exploded front view of the dual
check valve fluid distribution module;
Fig. 25 is a top elevational view of the supplemental
heating system with the dual check valve fluid distri-
bution module removed;
Fig. 26 is a top elevation view of the dual check valve
fluid distribution module shown detached from the
supplemental heating system;
Fig. 27 is cross-section view of the dual check valve
fluid distribution module taken along section 27-27;
Fig. 28 is cross-section view of the dual check valve
fluid distribution module taken along section 28-28,
showing a driven check valve located in a dedicated
mode position;
Fig. 29 is cross-section view of the dual check valve
fluid distribution module taken along section 28-28,
showing the driven check valve located in the bypass
mode position;
Fig. 30 is cross-section view of the dual check valve
fluid distribution module taken along section 30-30,
showing a drive check valve located in a dedicated
mode position;
Fig. 31 is cross-section view of the dual check valve
fluid distribution module taken along section 30-30,
showing the drive check valve located in the bypass
mode position;
Fig. 32 is a cross-sectional view of pressure relief
valve deployed with the supplemental heating sys-
tem;
Fig. 33 is a cross-section view of the pressure relief
valve of Fig. 31, further incorporating a metering or-
ifice;
Fig. 34, which does not form part of the claimed in-
vention, is a schematic depiction of a supplemental
heating system employing the spool valve, the sup-
plemental heating system having an inlet fluidly con-
nected to a vehicle water pump; and
Fig. 35 is a schematic depiction of the supplemental
heating system employing the dual check valve fluid
distribution module, the supplemental heating sys-
tem having an inlet fluidly connected to the vehicle
water pump.

DESCRIPTION OF PREFERRED EMBODIMENTS

[0009] The following description of the preferred em-
bodiments is merely exemplary in nature and is in no way
intended to limit the invention, its application, or uses.
[0010] Referring to Figure 1, a conventional vehicle
cooling system 40 for regulating the operating tempera-
ture of an engine 42 may include a water pump 44, which
circulates a cooling fluid 46 through engine 42. Cooling
fluid 46 absorbs heat produced by engine 42 as a by-
product of combusting a mixture of fuel and air in cylin-
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ders 48 of engine 42 to produce usable mechanical work
for propelling the vehicle. Engine 42 includes an acces-
sory drive 50 for providing power to drive various vehicle
accessories, such as a generator, air conditioning com-
pressor, and water pump 44. Accessory drive 50 is con-
nected to a crankshaft 52 of engine 42. Water pump 44
is connected to accessory drive 50 by means of drive
belt 54, which engages a sheave 56 of water pump 44.
Heat from engine 42 is transferred to cooling fluid 46 as
it circulates through passages formed in an engine block
58. Cooling fluid 46 is discharged from engine 42 through
an engine discharge port 60, and depending on the tem-
perature of the cooling fluid exiting the engine, is either
directed to water pump 44 through a water pump supply
passage 62, or to a radiator 64 through a radiator supply
passage 66.
[0011] A thermostat 65 controls distribution of cooling
fluid 46 between water pump supply passage 62 and
radiator supply passage 66. Thermostat 65 may include
a thermally activated valve 68 that automatically adjusts
a thru-flow area of the thermostat in response to a change
in the temperature of cooling fluid 46 exiting engine 42
through discharge passage 60. Thermostat 65 can be
calibrated to begin opening at a desired cooling fluid tem-
perature. Thermostat 65 may be closed at cooling fluid
temperatures below the calibrated temperature to pre-
vent cooling fluid 46 from traveling to radiator 64 through
supply passage 66. At a temperature at or slightly above
the calibrated temperature, thermostat 65 will begin to
open and allow a portion of cooling fluid 46 to pass
through radiator supply passage 66 to radiator 64. Ther-
mostat 65 may be fully open at cooling fluid temperatures
significantly higher than the calibrated temperature,
which will maximize the fluid flow rate to radiator 64 for
a particular vehicle operating condition.
[0012] Cooling fluid 46 flowing through radiator supply
passage 66 enters radiator 64 through an inlet port 70.
Cooling fluid 46 passes through radiator 64, where a por-
tion of its heat can be transferred to a stream of ambient
air 72 flowing crosswise through the radiator. Cooling
fluid 46 exits radiator 64 through an outlet port 74 at a
lower temperature than when it entered. Upon exiting
radiator 64, cooling fluid 46 travels through a radiator
discharge passage 76 to water pump 44.
[0013] Engine cooling system 40 may include an ex-
pansion tank 78 fluidly connected to water pump 44
through expansion tank supply passage 77. Expansion
tank 78 provides a reservoir for capturing cooling fluid 46
discharged from cooling system 40, which may occur for
example, when the cooling fluid expands due to heating
following an engine cold start. Conversely, a portion of
cooling fluid 46 may be withdrawn from expansion tank
78 and returned to cooling system 40 through expansion
tank supply passage 77 when, for example, the temper-
ature of the cooling fluid decreases after turning off en-
gine 42.
[0014] Conventional automotive vehicles typically in-
clude a heating system 80 that provides a supply of warm

air 82 for heating a passenger compartment 84 of the
vehicle. Heating system 80 includes a cabin heat ex-
changer 86, which is fluidly connected to cooling system
40 through a heater inlet passage 88 and heater exit pas-
sage 90. Heater inlet passage 88 can be fluidly connected
to cooling system 40 at thermostat 65, or another suitable
location. A portion of cooling fluid 46 exiting engine 42
at engine discharge port 60 passes through heater inlet
passage 88 to cabin heat exchanger 86. Cooling fluid 46
may reject a portion of its heat to airstream 82 flowing
through cabin heat exchanger 86. Airstream 82 may con-
sist of air drawn from outside the vehicle, from passenger
compartment 84, or a combination thereof. Airstream 82
exits cabin heat exchanger 86 at a higher temperature
than when it entered. Airstream 82 can be discharged
into passenger compartment 84 to warm the interior of
the vehicle. Airstream 82 can also be directed to flow
over an interior glass surface of the vehicle to remove
frost or condensation that may have formed on the glass
surface. Heating system 80 may also include various
control devices for regulating the temperature and flow
rate of airstream 82 delivered to passenger compartment
84.
[0015] Referring also to Figure 2, a supplemental heat-
ing system (SHS) 92 may be fluidly connected between
cooling system 40 and heating system 80. Supplemental
heating system 92 controls distribution of cooling fluid 46
between cooling system 40 and heating system 80, as
well as providing additional heat, if necessary, to cooling
fluid 46 supplied to cabin heat exchanger 86.
[0016] Supplemental heating system 92 can be fluidly
connected to cooling system 40 through heater inlet pas-
sage 88 and heater exit passage 90. Heater inlet and exit
passages 88 and 90 are fluidly connected to supplemen-
tal heating system 92 at a port 94 and 96, respectively.
Cooling fluid 46 can be transferred from cooling system
40 to supplemental heating system 92 through heater
inlet passage 88 and returned through heater exit pas-
sage 90.
[0017] Supplemental heating system 92 may be fluidly
connected to cabin heat exchanger 86 through a cabin
heat exchanger inlet passage 88a connected to a port
98 of the supplemental heating system, and a cabin heat
exchanger discharge passage 90a connected to a port
100. Cooling fluid 46 circulating within supplemental
heating system 92 can exit the system at port 98 and
travel through heater inlet passage 88a to cabin heat
exchanger 86, where a portion of the heat from cooling
fluid 46 can be transferred to airstream 82. Upon exiting
cabin heat exchanger 86, cooling fluid 46 can be directed
back to supplemental heating system 92 through heater
discharge exit passage 90a.
[0018] Referring also to Figure 3, supplemental heat-
ing system 92 includes a liquid heat generator (LHG) 102
for heating cooling fluid 46 supplied to cabin heat ex-
changer 86. An example of one such liquid heat generator
is disclosed in U.S. Patent No. 5,683,031, entitled Liquid
Heat Generator, which issued to Sanger on November
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4, 1997. Supplemental heating system 92 may also in-
clude a control valve 104 for controlling distribution of
cooling fluid 46 within supplemental heating system 92,
and a controller 106 for regulating operation of liquid heat
generator 102 and control valve 104.
[0019] Liquid heat generator 102 includes a stator 108
and a coaxially aligned rotor 110 positioned adjacent sta-
tor 108. Stator 108 is fixedly attached to a housing 1 12
of the supplemental heating system. Rotor 110 can be
mounted on a drive shaft 114 for concurrent rotation
therewith about an axis 116. Stator 108 and rotor 110
define annular cavities 118 and 120, respectively, which
together define a hydrodynamic chamber 122. Heating
of cooling fluid 46 occurs within hydrodynamic chamber
122.
[0020] Hydrodynamic chamber 122 can be fluidly con-
nected to cooling system 40 through heater inlet passage
88. Cooling fluid 46 from cooling system 40 travels
through a coolant supply passage 124 connected to heat-
er inlet passage 88 at port 94. Fluidly attached to supply
passage 124 at fluid junction 126 is a hydrodynamic
chamber supply passage 128. Cooling fluid 46 passing
through hydrodynamic chamber supply passage 128 is
discharged to a hollow cavity 132 formed in the back of
rotor 110. One or more rotor passages 134 fluidly connect
cavity 132 to hydrodynamic chamber 122. Rotor passage
134 extends through a blade 136 of rotor 110, and has
one end fluidly connected to cavity 132 and an opposite
end to hydrodynamic chamber 122.
[0021] Cooling fluid 46 present in hydrodynamic cham-
ber 122 travels along a generally toroidal path within the
chamber, absorbing heat as the fluid travels between an-
nular cavities 118 and 120 of stator 108 and rotor 110,
respectively. Heated cooling fluid 46 exits hydrodynamic
chamber 122 through one or more discharge orifices 138
located along a back wall 139 of stator 80 near its outer
circumference. Orifice 138 can be fluidly connected to a
circumferential annulus 140 formed in housing 112. An-
nulus 140 can be fluidly connected to a liquid heat gen-
erator discharge passage 142. Cooling fluid 46 exiting
hydrodynamic chamber 122 through orifice 138 can trav-
el through discharge passage 142 to discharge port 98.
[0022] Cooling fluid 46 exits supplemental heating sys-
tem 92 at port 98 and travels along cabin heat exchanger
inlet passage 88a to cabin heat exchanger 86. Heat from
cooling fluid 46 can be transferred to airstream 82 as the
fluid passes through the heat exchanger. The warm air-
stream may be directed to passenger compartment 84
to warm the interior of the vehicle.
[0023] After passing through cabin heat exchanger 86,
cooling fluid 46 exits the heat exchanger and returns to
supplemental heating system 92 through cabin heat ex-
changer discharge passage 90a, which is fluidly connect-
ed to supplemental heating system 92 at port 100. Cool-
ing fluid 46 passes through a cabin heater return passage
144 having one end fluidly connected to port 100 and an
opposite end fluidly connected to control valve 104. A
cooling system return passage 146 fluidly connects con-

trol valve 104 to cooling system 40 at port 96, and a liquid
heat generator recirculating passage 148 fluidly con-
nects control valve 104 to liquid heat generator 102. Con-
trol valve 104 can either direct all or a portion of cooling
fluid 46 to recirculating passage 148 or to cooling system
return passage 146, depending on the particular heating
requirements of heating system 80. Having control valve
104 direct substantially all of the cooling fluid received
from cabin heat exchanger 86 to liquid heat generator
102 through recirculating passage 148 results in heating
system 80 and cooling system 40 operating substantially
independent of one another.
[0024] Cooling fluid 46 passing through recirculating
passage 148 can be discharged to an annular plenum
150 in housing 112. A second plenum 151 fluidly con-
nects plenum 150 to hydrodynamic chamber 122. Cool-
ing fluid 46 preferably enters hydrodynamic chamber 122
at an inner circumference of the chamber.
[0025] Supplemental heating system 92 may include
a bypass passage 152 having one end fluidly connected
to fluid supply passage 124 and hydrodynamic chamber
supply passage 128 at fluid junction 126, and an opposite
end fluidly connected to liquid heat generator discharge
passage 142 at fluid junction 154. Cooling fluid 46 pass-
ing through bypass passage 152 bypasses hydrodynam-
ic chamber 122, and is instead sent directly to cabin heat
exchanger 86 without any additional heat being added
to the fluid. A check valve 156, or another similar device,
may be provided in bypass passage 152 to prevent fluid
from flowing backwards through bypass passage 152,
from fluid junction 154 to fluid junction 126, when oper-
ating liquid heat generator 102. Cooling fluid 46 entering
liquid heat generator discharge passage 142 from by-
pass passage 152 travels to port 98, where the fluid exits
supplemental heating system 92.
[0026] Control valve 104 controls distribution of cooling
fluid 46 between cooling system return passage 146, flu-
idly connected to heater exit passage 90 at port 96, and
liquid heat generator recirculating passage 148, fluidly
connected to liquid heat generator 102. Control valve 104
operates to selectively distribute cooling fluid 46 between
cooling system return passage 146 and liquid heat gen-
erator recirculating passage 148, based on certain prese-
lected parameters. This may include directing all of the
cooling fluid received from heat exchanger return pas-
sage 144 to either cooling system return passage 146 or
liquid heat generator recirculating passage 148, or ap-
portioning the cooling fluid between the two passages.
Control valve 104 is preferably infinitely adjustable.
[0027] Power for rotateably driving rotor 110 can be
supplied by engine 42. An end 158 of drive shaft 114
extends from housing 112 of supplemental heating sys-
tem 92. Fixedly attached to end 158 is a drive means
160, which may include a sheave 162 engageable with
engine accessory drive belt 27. Accessory drive belt 27
engages accessory drive 50 attached to crankshaft 52
of engine 42. Drive belt 27 may also deliver the power
required to operate water pump 44, as well as other en-
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gine accessories, such as an alternator and air condi-
tioning compressor. Accessory drive belt 27 transfers
torque generated by engine 42 to drive shaft 1141, which
is connected to rotor 110. It is also contemplated that
drive shaft 114 may be alternatively driven by another
suitable means, such as an electric motor.
[0028] Drive means 160 can include a clutch 164,
which may, for example and without limitation, be an elec-
tromagnetic clutch. Clutch 164 can be selectively en-
gaged in response to the particular heating requirements
of heating system 80. Clutch 164 can be operated to dis-
engage rotor 110 from engine 42 when no additional
heating of cooling fluid 46 is required, which may be de-
sirable to minimize the power being drawn from engine
42 for improving engine efficiency and to help maximize
the amount of power available for other uses, such as
propelling the vehicle.
[0029] Hydrodynamic chamber 122 of heat generator
102 may be vented to atmosphere through a vent pas-
sage 166. One end of vent passage 166 can be fluidly
connected to an annular plenum 168 in housing 112, and
an opposite end fluidly connected to a vent exit port 170
located along an exterior surface of housing 112. An ex-
pansion tank vent passage 172 can fluidly connect vent
passage 166 to expansion tank 78. It is preferable that
cooling fluid 46 only partially fill expansion tank 78 to
provide an air space 174 within the expansion tank. Ex-
pansion tank vent passage 172 is preferably attached to
expansion tank 78 at a location adjacent air space 174
to prevent vent passage 172 from being in direct fluid
communication with cooling fluid 46 present in expansion
tank 72. Stator 108 may include one or more blade vent
passages 176 fluidly connecting plenum 168 to hydrody-
namic chamber 122. Blade vent passage 176 pass
through a center of a stator blade 177 extending from
back wall 139 of stator 108.
[0030] Controller 106 can be adapted to regulate op-
eration of liquid heat generator 102 and control valve
104. Controller 106 may be, by way of example and with-
out limitation, a programmable microprocessor. Control-
ler 106 is operably connected to control valve 104 by
means of a connector 178. Controller 106 can send a
control signal to control valve 104 for controlling opera-
tion of control valve 104 and regulating distribution of the
cooling fluid between cooling system return passage 146
and liquid heat generator recirculating passage148.
[0031] Controller 106 may be adapted to control oper-
ation of clutch 164, which is operably connected to control
unit 106 by means of a connector 179. Controller 106
can send a control signal to clutch 164 instructing the
clutch to either engage or disengage depending on the
heating requirements of heating system 80. Engaging
clutch 164 enables torque from engine 42 to be applied
to shaft 114 through drive belt 27, thereby causing rotor
110 to rotate about axis 116 and heat cooling fluid 46
present in hydrodynamic chamber 122. Disengaging
clutch 164 decouples shaft 114 and rotor 110 from engine
42. With clutch 164 disengaged, liquid heat generator

102 does not produce any heat since rotor 110 is not
being rotateably driven by belt 27.
[0032] Controller 106 may be adapted to monitor var-
ious operating parameters of supplemental heating sys-
tem 92, including by way of example and without limita-
tion, the rotational speed of rotor 110, a temperature of
cooling fluid 46 entering liquid heat generator 102
through liquid heat generator recirculating passage 148,
and the pressure level of cooling fluid 46 exiting liquid
heat generator 102 through liquid heat generator dis-
charge passage 142. The rotational speed of rotor 110
may be monitored by means of a speed pickup 180, which
may include any of variety of known speed pickup devic-
es, for example and without limitation, an electromagnet-
ic pickup. An electromagnetic pickup may include a mag-
netized material suitably attached to a back wall 182 of
rotor 110. A sensor 184 adapted to detect the magnetic
field of the magnetized material attached to rotor 110 can
be suitably attached to housing 112. A connector 186
operably connects speed pickup 180 to controller 106. It
is also contemplated that electromagnetic pickup 180
may be suitably mounted to various other locations, by
way of example without limitation, drive means 106.
[0033] The temperature of cooling fluid 46 entering liq-
uid heat generator 102 through liquid heat generator re-
circulating passage 148 may be monitored by means of
a temperature probe 188, which may include any of a
variety of known temperature sensing devices, for exam-
ple and without limitation, a thermocouple and a resist-
ance temperature detector. Temperature probe 188 can
be suitably located, within liquid heat generator recircu-
lating passage 148, or another suitable location, which
enables temperature probe 188 to detect a temperature
of cooling fluid 46 passing through the passage. A con-
ventional connector 190 operably connects temperature
probe 188 to controller 106. Temperature probe 188 can
be adapted to produce a signal indicative of the temper-
ature of the cooling fluid present in the passage.
[0034] The pressure of cooling fluid 46 exiting liquid
heat generator 102 through liquid heat generator dis-
charge passage 142 can be monitored by means of a
pressure probe 192, which may include any of a variety
of known pressure sensing devices. Pressure probe 192
is preferably located within liquid heat generator dis-
charge passage 142 near discharge orifice 138, or an-
other suitable location, which enables pressure probe
192 to detect the pressure of cooling fluid 46 exiting hy-
drodynamic chamber 122. Pressure probe 192 can be
adapted to generate a signal indicative of the pressure
of the cooling fluid passing through discharge passage
142. A connector 194 operably connects pressure probe
192 to controller 106.
[0035] Referring also to Figures 4-7, which show ar-
rangements not forming part of the claimed invention,
the various components of supplemental heating system
92 may be conveniently packaged as a unitized assembly
for installation in the vehicle. Attached to housing 112,
using one or more fasteners 196, is a fluid distribution
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module 198. Fasteners 196 are engageable with a
threaded aperture 199 in housing 112, Alternatively, it is
contemplated that fluid distribution module 198 may be
positioned remotely from housing 112, which may require
additional fluid passages to fluidly connect the module
to liquid heat generator 102.
[0036] Fluid distribution module 198 includes a mani-
fold 200 for distributing cooling fluid 46 between supple-
mental heating system 92, engine cooling system 40,
and cabin heat exchanger 86. Attached to manifold 200
is control valve 104, which operates to control distribution
of cooling fluid received through cabin heat exchanger
return passage 144, between cooling system return pas-
sage 146 and liquid heat generator recirculating passage
148. Fluid distribution module 198 may include one or
more external connectors for fluidly connecting supple-
mental heating system 92 to engine cooling system 40
and heating system 80. Supplemental heating system 92
can be retrofitted to an existing vehicle, or incorporated
as original equipment on a newly manufactured vehicle,
by fluidly connecting heater inlet passage 88 and heater
exit passage 90 to ports 94 and 96, respectively, of sup-
plemental heating system 92. Similarly, cabin heat ex-
changer 86 can be fluidly connected to supplemental
heating system 92 by connecting cabin heat exchanger
inlet passage 88a and discharge passage 90a to ports
98 and 100, respectively.
[0037] Referring also to Figures 8 through 13, which
show arrangements not forming part of the claimed in-
vention, manifold 200 includes a generally cylindrically
shaped hollow cavity 202 extending partially through the
manifold. Cavity 202 has an open end 204 accessible
from outside manifold 200, and a partially closed end 205
opposite open end 204, An inner diameter of cavity 202
is substantially constant over approximately the first half
the cavity’s length starting at open end 204. Approximate-
ly midway along the length of cavity 202, the inner diam-
eter steps down to a second smaller diameter, creating
a shoulder 206 intermediate the two ends of cavity 202.
[0038] Fluidly connected to cavity 202 adjacent partial-
ly closed end 205, is cabin heat exchanger return pas-
sage 144. Cabin heat exchanger return passage 144 can
be fluidly connected to port 100. Port 100 may have an
elongated cylindrical shape adapted to receive an end
of cabin heat exchanger discharge passage 90a. Also
fluidly connected to partially closed end 205 of cavity 202
is cooling system return passage 146. Cooling system
return passage 146 terminates at port 96. Port 96 may
have an elongated cylindrical shape adapted to receive
an end of heater discharge passage 90a. Liquid heat
generator recirculating passage 148 fluidly connects to
a generally middle region of cavity 202, Fluid distribution
module 198 may include a generally cup shaped control
valve mounting sleeve 210 having an open first end 212
and a partially closed second end 214 disposed within
cavity 202 of manifold 200. An outer surface of mounting
sleeve 210 can be stepped to correspond to the stepped
profile of cavity 202. An O-ring 218 can be disposed in

an annular cavity 220 formed between the inner surface
of cavity 202 and the outer surface of mounting sleeve
210.
[0039] A radial flange 220 extends outward from end
212 of mounting sleeve 210. Flange 220 abuts an outer
surface 221 of manifold 200 when mounting sleeve 210
is fully inserted in cavity 202. An aperture 222 formed in
end 214 of mounting sleeve 210 fluidly connects an inner
region 224 of mounting sleeve 210 to cooling system
return passage 146. One or more orifices 226 extend
through a sidewall 228 of mounting sleeve 210 adjacent
end 214. Orifices 226 fluidly connect heat exchanger re-
turn passage 144 to the inner region 224 of mounting
sleeve 210. A second orifice 229, for fluidly connecting
inner region 224 of mounting sleeve 210 to liquid heat
generator recirculating passage 148, traverses sidewall
228 of mounting sleeve 210 intermediate the first and
second ends. A recessed slot 230 extends circumferen-
tially along an inner bore 234 of mounting sleeve sidewall
228, and is generally aligned axially to coincide with or-
ifice 229.
[0040] Referring also to Figures 14 through 16, which
show arrangements not forming part of the claimed in-
vention, control valve 104 includes a cylindrically shaped
spool 232 slideably disposed within bore 234 of a mount-
ing sleeve 210. Spool 232 includes a hollow cylindrically
shaped bypass piston 236. Extending radially outward
from one end of bypass piston 236 is an outer flange 238.
An outer circumference 240 of the flange slideably en-
gages bore 234 of mounting sleeve 210. One or more
orifices 242 extending through a sidewall 244 of bypass
piston 236 are located adjacent flange 238. The orifices
enable cooling fluid to pass between the inner and outer
regions of bypass piston 236.
[0041] Extending radially inward from an inner surface
246 of sidewall 244 is an inner flange 248. Flange 248
is displaced inward of an end 250 of bypass piston 236
opposite flange 238. A shaft seal 252 may be internally
disposed within end 250 of bypass piston 236, and abuts
inner flange 248.
[0042] Spool 232 may also include a cylindrically
shaped modulating piston 254 having an end section 256
partially disposed within bypass piston 236. Extending
radially outward from an end 258 of modulating piston
254, opposite outer flange 238 of bypass piston 236, is
a flange 260. Flange 260 may include a circumferential
notch 262 extending along an outer circumference 264
of the flange. A seal material 266 may be disposed within
notch 262.
Seal 266 can slideably engage bore 234 of mounting
sleeve 210. End section 256 of modulating piston 254,
opposite flange 260, can be necked down to allow the
modulating piston to be partially disposed within bypass
piston 236. The necked down region forms a shoulder
268, against which end 250 of bypass piston 236 can
abut when end section 256 of modulating piston 254 is
fully inserted into bypass piston 236. An inner circumfer-
ence of seal 252 can slideably engage an outer surface
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of necked down region 256 of modulation piston 254.
[0043] An end 269 of modulating piston 254, opposite
flange 260, engages a bore 270 of a ring shaped retaining
block 272. An outer circumference 274 of retaining block
272 slideably engages inner surface 246 of bypass piston
236. Retaining block 272 can be affixed to an end of
modulating piston 254 by means of a retaining ring 278.
Retaining ring 278 can engage a circumferential notch
280 formed in end 269 of modulating piston 254.
[0044] Bypass piston 236 and modulating piston 254
are free to move axially relative to one another. A biasing
member 282 can be disposed within an annular space
284 formed between bypass piston 236 and modulating
piston 254. Biasing member 282 urges bypass piston
236 and modulating piston toward one another, such that
end 250 of bypass piston 236 contacts shoulder 268 of
modulating piston 254. Biasing member 282 may be a
coil spring, or another similar device, including but not
limited to, an elastic cylinder or a leaf spring. One end
286 of the biasing member engages retaining block 272
and an opposite end 288 engages inner flange 248 of
bypass piston 236.
[0045] Spool 232 is in a fully compressed state when
end 250 of bypass piston 236 contacts shoulder 268 of
modulating piston 254. Spool 232 can be expanded by
applying outwardly opposing forces to flange 238 of by-
pass piston 236 and flange 260 of modulating piston 245
sufficient to overcome the spring rate of biasing member
282, The opposing forces tend to cause end 250 of by-
pass piston 236 to move away from shoulder 268 of mod-
ulating piston 254, thereby causing spool 232 to expand.
[0046] With spool 232 fully compressed, such that end
250 of bypass piston 236 contacts shoulder 268 of mod-
ulating piston 254, retaining block 272 is axially aligned
with orifices 242 in bypass piston 236, which will sub-
stantially prevent cooling fluid from flowing through ori-
fices 242. Spool 232 can be sufficiently expanded (i.e.,
increasing the distance between bypass flange 238 and
modulating flange 260) to allow an end 290 of retaining
block 272 to clear orifices 242, which will enable cooling
fluid pass through the orifices.
[0047] Axial movement of spool 232 within bore 234
of mounting sleeve 210 can be controlled by an actuator
292, which may include, for example and without limita-
tion, a solenoid or piezo-electric actuator. Actuator 292
may include a movable drive link 294 extending from and
end 296 of the actuator. An end of drive link 294 can
engage a receiving passage 298 formed in end 258 of
modulating piston 254. Drive link 294 can be attached to
modulating piston 254 by means of a roll pin 300, which
engages a pair of radially extending apertures 302 in
modulating piston 254, and a corresponding aperture 303
extending through drive link 294. Alternatively, it is also
contemplated that other suitable connecting devices, in-
cluding but not limited to screws, rivets and bolts, may
also be used to secure spool 232 to drive link 294. End
296 of actuator 292 may include a boss 302 that is en-
gageable with bore 234 of mounting sleeve 210, which

may assist in obtaining proper alignment of the actuator
relative to mounting sleeve 210. Actuator 292 and mount-
ing sleeve 210 may be attached to manifold 200 using
one or more bolts 304 that simultaneously extend through
apertures in a flange 306 of actuator 292 and flange 220
of mounting sleeve 210, and which threadably engage a
corresponding aperture in manifold 200. Alternatively, it
is also contemplated that another suitable attaching
means, for example and without limitation, screws and
rivets, may also be used to attach mounting sleeve 210
and actuator 292 to manifold 200.
[0048] Actuator 292 is operable to selectively position
spool 232 at a desired location within bore 234 of mount-
ing sleeve 210. Actuator 292 may be operably connected
to controller 106, which may be adapted to control oper-
ation of the actuator.
[0049] Supplemental heating system 92 may be oper-
ated in various modes depending on the heating require-
ment of heating system 80. For example and without lim-
itation, a bypass mode, wherein cooling fluid 46 received
from cabin heat exchanger 86 is returned to engine cool-
ing system 40, and a dedicated mode, wherein cooling
fluid from cabin heat exchanger 86 is recirculated back
to liquid heat generator 102.
[0050] When operating in the bypass mode, actuator
292 can be activated to slide spool 232 toward the actu-
ator and away from aperture 222 in end wall 214 of mount-
ing sleeve 210, as shown in Fig’s 8 and 9. This opens
the fluid path between fluid passages 144 and 146, there-
by enabling cooling fluid 46 to be directed back to cooling
system 40, while at the same time closing the fluid path
between fluid passages 144 and 148. Liquid heat gen-
erator 92 may or may not be operating, depending on
the particular heating requirements of the vehicle. For
example, if supplemental heating system 92 is primarily
used to provide additional heat to the vehicle cabin, liquid
heat generator 92 will generally be deactivated when
spool 232 is located in the bypass position. Liquid heat
generator 92 can be deactivated by disengaging clutch
164, which decouples rotor 110 from engine accessory
drive 50. Fluid entering supplemental heating system 92
at port 94 will pass through supply passage 124 to fluid
junction 126. A majority of the cooling fluid arriving at
fluid junction 126 will proceed to pass through bypass
passage 152 and check valve 156. The cooling fluid will
continue to flow to fluid junction 154, where it can be
discharged to liquid heat generator discharge passage
142. Cooling fluid 42 exits supplemental heating system
92 at port 98 and can be directed to cabin heat exchanger
86 through cabin heat exchanger inlet passage 88a. After
passing through heat exchanger 86, the cooling fluid is
directed back to supplemental heating system 92 through
cabin heat exchanger discharge passage 90a. Cooling
fluid entering supplement heating system 92 at port 100
can travel through cabin heat exchanger return passage
144 to control valve 104. Since spool 232 is positioned
in the bypass position, fluid from cabin heat exchanger
return passage 144 will pass through orifices 226 in
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mounting sleeve 210, and into interior cavity region 224
of mounting sleeve 210. From there, cooling fluid 46 may
flow through aperture 222 in end wall 214 of mounting
sleeve 210 to cooling system return passage 146.
[0051] With liquid heat generator 102 deactivated, a
relatively small amount of cooling fluid 46 passing
through supply passage 124 may nevertheless flow
through hydrodynamic chamber supply passage 128 to
hydrodynamic chamber 122. The vast majority of fluid,
however, will flow through bypass passage 152. The
small amount of cooling fluid entering hydrodynamic
chamber 122 will be discharged to expansion tank 78
through vent passage 166 and expansion tank vent pas-
sage 172.
[0052] It may be desirable to operate liquid heat gen-
erator 102 with spool 232 positioned in the bypass posi-
tion, for example, following an engine cold start to accel-
erate warming of the engine. With liquid heat generator
102 activated, cooling fluid arriving at fluid junction 126
will proceed to flow through hydrodynamic chamber sup-
ply passage 128 to hydrodynamic chamber 122, rather
than through bypass passage 152. Heated cooling fluid
46 can flow from hydrodynamic chamber 122 to liquid
heat generator discharge passage 142. From that point,
the cooling fluid follows the same path as when the liquid
heat generator is not operating, passing through cabin
heat exchanger 86 and onto control valve 104, which is
set to direct the cooling fluid back to engine cooling sys-
tem 40 through cooling system return passage 146.
[0053] When operating supplemental heating system
92 in the dedicated mode, actuator 292 can be activated
to slide spool 232 away from the actuator and toward
aperture 222 in end wall 214 of mounting sleeve 210,
such that flange 238 of bypass piston 236 engages end
wall 214 of the mounting sleeve, as shown in Figures 10
and 11. This opens the fluid path between fluid passages
144 and 148, thereby enabling cooling fluid 46 to be di-
rected back to liquid heat generator 102, while at the
same time closing the fluid path between fluid passages
144 and 146. Cooling fluid is prevented from entering
cooling system return passage 146 when operating the
supplemental heating system in the dedicated mode.
[0054] The dedicated mode can be initiated by engag-
ing clutch 164 to activate liquid heat generator 102, caus-
ing rotor 110 to rotate about axis 116. Control valve 104
is preferably positioned in the bypass position when
clutch 164 is first engaged, and is thereafter moved to
the dedicated position. Cooling fluid 46 entering supple-
mental heating system 92 through port 94 flows along
coolant supply passage 124 to fluid junction 126. Rather
than entering bypass passage 152, as is the case when
operating in the bypass mode, the cooling fluid flows
through hydrodynamic chamber supply passage 128 to
hydrodynamic chamber 122. The cooling fluid follows the
previously described path through liquid heat generator
102, exiting hydrodynamic chamber 122 at discharge
port 138. Heated cooling fluid 46 travels through liquid
heat generator discharge passage 142 to port 98, where

the fluid exits supplemental heating system 92. From port
98, cooling fluid 46 travels through cabin heat exchanger
inlet passage 88a to cabin heat exchanger 86, where a
portion of the fluid heat can be transferred to airstream
82. Upon exiting cabin heat exchanger 86, the cooling
fluid is directed back to supplemental heating system 92
through cabin heat exchanger discharge passage 90a,
where it reenters supplemental heating system 92 at port
100. Cooling fluid 46 passes through heat exchanger re-
turn passage 144 to control valve 104. With control valve
104 positioned in the dedicated position, cooling fluid is
blocked from flowing through aperture 222 to cooling sys-
tem return passage 146, and instead is directed back to
liquid heat generator 102 through liquid heat generator
recirculating passage 148. Cooling fluid from return pas-
sage 144 passes through orifices 226 traversing sidewall
228 of the mounting sleeve, and flows around the outer
circumference of bypass piston 236. Cooling fluid 46
passes through orifices 229 traversing the sidewall of the
mounting sleeve, and into liquid heat generator recircu-
lating passage 148, which directs the cooling fluid back
to liquid heat generator 102.
[0055] To avoid over pressurizing hydrodynamic
chamber 122 when operating in the dedicated mode,
spool 232 is operable to enable a portion of cooling fluid
received from heat exchanger return passage 144 to be
directed to cooling system return passage 146, which
transfers the cooling fluid back to engine cooling system
40, as shown in Fig’s 12 and 13. Directing a portion of
the cooling fluid to passage 146 may cause a correspond-
ing drop in pressure within hydrodynamic chamber 122.
The pressure level within hydrodynamic chamber 122
can be approximated by monitoring the pressure level
within liquid heat generator discharge passage 142 by
means of pressure gage 192. As the pressure level within
hydrodynamic chamber 122 increases, so does the pres-
sure level within annular cavity 308 between spool 232
and mounting sleeve 210. Increasing the pressure within
annular cavity 308 beyond a predetermined level will
cause modulating piston 254 to move away from bypass
piston 236, and at least partially unblock orifices 242 in
bypass piston 236, thereby enabling cooling fluid to flow
through the orifices from heat exchanger return passage
144 to cooling system return passage 146. Bleeding off
of small portion of cooling fluid in this way may cause a
corresponding drop in pressure within hydrodynamic
chamber 122. As the pressure level within hydrodynamic
chamber 122 decreases, modulating piston 254 and by-
pass piston 236 move toward one another, causing re-
taining sleeve 272 to block the flow of coolant from return
passage 144 to cooling system return passage 146.
[0056] Referring to Figures 20 through 22, supplemen-
tal heating system 92 may include a dual check valve
fluid distribution module 310 incorporating a pair of co-
operative check valves for controlling distribution of cool-
ing fluid 46 within supplemental heating system 92. Fluid
distribution module 310 performs a similar function as
control valve 104, and may be used in place of control
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valve 104. In addition to check valve 156, a second check
valve 312 can be substituted in place of control valve
104. Check valve 312 has an inlet fluidly connected to
heat exchanger return passage 144, a first outlet to cool-
ing system return passage 146, and a second outlet to
recirculating passage 148. Check valves 156 and 312
may be cooperatively interconnected, such that move-
ment of check valve 156 (the drive check valve) causes
a corresponding movement of check valve 312 (the driv-
en check valve). The two check valves may be intercon-
nected by any variety of means, including but not limited
to mechanical, electrical, hydraulic, and pneumatic
means. The cooperative interconnection between drive
check valve 156 and driven check valve 312 is repre-
sented by dashed line 313 in Fig. 20.
[0057] Drive check valve 156 operates to prevent cool-
ing fluid from flowing from liquid heat exchanger dis-
charge passage 142 to bypass passage 152 when liquid
heat generator 102 is operating. Driven check valve 312
operates in response to input from drive check valve 156,
to direct cooling fluid received from return passage 144
to either cooling system return passage 146, or recircu-
lating passage 148, depending on whether the supple-
mental heating system is operating in the bypass or ded-
icated mode.
[0058] Referring also to Fig’s 23 through 31, fluid dis-
tribution module 310 may also included is a pressure
regulating valve 314 selectively operable to fluidly con-
nect recirculating passage 148 to cooling system return
passage 146. An inlet bleed passage 316 fluidly connects
recirculating passage 148 to an inlet of pressure regulat-
ing valve 314. A discharge bleed passage 318 fluidly con-
nects an outlet of pressure regulating valve 314 to cooling
system return passage 146.
[0059] Fluid distribution module 310 may include a
manifold 320 that can be securely fastened to liquid heat
generator housing 112 by means of one or more fasten-
ers 322 that pass through an aperture 323 in the manifold
body and threadably engage a corresponding aperture
324 in housing 112. Alternatively, it is also contemplated
that fluid distribution module 310 may be located remote-
ly from housing 112, which may require additional fluid
lines to fluidly connect the distribution module to liquid
heat generator 102.
[0060] Manifold 320 may include an upper surface 328,
a lower surface 330, a front surface 332, and a rear sur-
face 334. Extending inward from lower surface 330 is a
drive check valve cavity 336 for receiving drive check
valve 156. Drive check valve cavity 336 can be fluidly
connected to liquid heat generator discharge passage
142 extending through liquid heat exchanger housing
112. Also extending inward from lower surface 330 is a
driven check valve cavity 338 for receiving driven check
valve 312. Driven check valve cavity 338 can be fluidly
connected to recirculating passage 148 passing through
liquid heat generator housing 112.
[0061] Extending from front surface 332 of manifold
320 is cabin heat exchanger return passage 144, which

terminates at port 100, and liquid heat generator dis-
charge passage 142, which is a continuation of discharge
passage 142 passing though liquid heat generator hous-
ing 112. Liquid heat generator discharge passage termi-
nates at port 98. Heat Exchanger discharge passage 144
is fluidly connected to driven check valve cavity 338, and
return passage 142 is fluidly connected to driven check
valve cavity 336.
[0062] Extending from rear surface 334 of manifold 320
is cooling system return passage 146, which terminates
at port 96, and coolant supply passage 124, which ter-
minates at port 94. Cooling system return passage 146
is fluidly connected to driven check valve cavity 338, and
coolant supply passage 124 is fluidly connected to drive
check valve cavity 336. Coolant supply passage 124 may
also be fluidly connected to hydrodynamic chamber sup-
ply passage 128, which extends through liquid heat gen-
erator housing 112. Cooling system return passage 146
may be fluidly connected to bleed discharge passage
318, which may consist of a slot formed in an upper sur-
face 363 of liquid heat generator housing 112.
[0063] Attached to manifold 320 is pressure regulating
valve 314. Pressure regulating valve 314 may include an
actuator 340 that engages an aperture 342 extending
vertically through manifold 320. Pressure regulating
valve 314 includes a valve spindle 344 that can be se-
lectively extended and retracted within a housing 346 of
the actuator. A disk shaped pintal 348 can be attached
to an end of valve spindle 344.
[0064] Pressure regulating valve 314 may also include
a cup shaped bleed valve seat 350 that also engages
aperture 342 in manifold 320. Valve seat 350 may have
an upstanding cylindrical sidewall 352 and a bottom wall
354. An end 356 of sidewall 352 can engage an end 358
of actuator 340. Located near a center of bottom wall is
a bleed inlet orifice 360, which corresponds to inlet bleed
passage 316 (see Fig. 20). Orifice 360 is in fluid commu-
nication with recirculating passage 148 that extends into
liquid heat generator housing 112. Actuator 340 can con-
trol the flow of cooling fluid through orifice 360 by extend-
ing valve spindle 344 to engage pintal 348 with a circum-
ferential edge of orifice 360, thereby sealing off the fluid
path through the orifice. Conversely, cooling fluid can be
permitted to flow through orifice 360 by retracting valve
spindle 344 to disengage pintal 348 from orifice 360. Lo-
cated adjacent inlet orifice 360 is a bleed discharge orifice
362. Orifice 362 is fluidly connected to bleed discharge
passage 318.
[0065] Drive check valve 156 can be positioned within
drive check valve cavity 336. Driven check valve 312 can
similarly be positioned with driven check valve cavity 338.
The two check valves can be fixedly attached to a com-
mon shaft 364, such that movement of drive valve 156
produces a corresponding movement of driven check
valve 312. Drive shaft 364 is supported in a pair of aper-
tures 366 extending through sidewall 352 of valve seat
350. A washer 368 can engage a recessed notch 370
formed in bottom surface 330 of manifold 320. Washer
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368 provides a valve seat for drive check valve 156 when
the drive check valve is operated in the bypass mode.
[0066] Drive check valve 156 and driven check valve
312 are simultaneously rotateable about an axis of shaft
364, between a bypass position and a dedicated position.
When rotated into the dedicated position, drive check
valve 156 is positioned adjacent an end 370 of bypass
passage 152, as shown in Figure 30, and driven check
valve 312 is positioned adjacent and end engages an
end 372 of cooling system return passage 146, as shown
in Figure 28. With drive check valve 156 and driven check
valve 312 rotated into the bypass position, as shown in
Fig’s 31 and 29, respectively, drive check valve is seated
against washer 368, and driven check valve 312 is posi-
tioned horizontally to at least partially block the entrance
to recirculating passage 148.
[0067] As described previously, heating system 92
may be operated in the bypass mode, wherein cooling
fluid 46 from cabin exchanger 86 is returned to engine
cooling system 40, or in the dedicated mode, wherein
cooling fluid 46 from cabin heat exchanger 86 is re-cir-
culated back to liquid heat generator 102. To operate in
the dedicated mode, liquid heat generator 102 can be
activated by engaging clutch 164. Activating liquid heat
generator 102 causes cooling fluid to flow from hydrody-
namic chamber 122 through liquid heat generator dis-
charge passage 142 to cabin heat exchanger 86. Cooling
fluid 46 present in liquid heat generator discharge pas-
sage 142 will be at a higher pressure than that the cooling
fluid present in bypass passage 152, which will cause
drive check valve 156 to be rotated into the dedicated
position adjacent end 370 of bypass passage 152. This
will prevent cooling fluid from flowing between liquid heat
generator discharge passage 142 and bypass passage
152. Because drive check valve 156 and driven check
valve 312 are operably interconnected, activating liquid
heat generator 102 will also cause driven check valve
312 to rotate to the dedicated mode position adjacent
end 372 of cooling system return passage 146, thereby
directing cooling fluid 46 received from heat exchanger
86 back to hydrodynamic chamber 122.
[0068] Controller 106 can monitor the pressure within
recirculating passage 148 when operating supplemental
heating system in the dedicated mode. If the pressure
level within recirculating passage 148 exceeds some pre-
determined level, controller 106 can send a control signal
to actuator 340, instructing the actuator to commence
bleeding cooling fluid from recirculating passage 148 to
cooling system return passage 146, which will cause a
corresponding reduction in the pressure within hydrody-
namic chamber 122. Once the pressure within recircu-
lating passage 148 falls below a maximum desired pres-
sure level, pressure regulating valve 314 will be instruct-
ed by control unit 106 to stop bleeding fluid from recircu-
lating passage 148 to cooling system return passage
146.
[0069] To operate in the bypass mode, liquid heat gen-
erator 102 is deactivated by disengaging clutch 164. With

liquid heat generator 102 deactivated, the fluid in bypass
passage 152 will be at a higher pressure than the fluid
in liquid heat generator discharge passage 142. This will
cause drive check valve 156 to open the flow path be-
tween bypass passage 152 and liquid heat generator by-
pass passage 142, which will allow cooling fluid from en-
gine cooling system 40 to bypass hydrodynamic chamber
122 and flow directly to heat exchanger 86. Driven check
valve 312, being operably linked to drive check valve
156, will seal off the flow path between cabin heat ex-
changer return passage 144 and recirculating passage
148, and open the flow path between cabin heat exchang-
er return passage 144 and cooling system return pas-
sage 146. This will cause the cooling fluid discharged
from heat exchanger 86 to bypass hydrodynamic cham-
ber 122, and instead be directed back to engine cooling
system 40.
[0070] Referring to Fig’s 3, 32 and 33, supplemental
heating system 92 may include a pressure relief valve
376 positioned between back wall 182 of rotor 110 and
housing 112, which is operable for limiting a maximum
internal operating pressure within hydrodynamic cham-
ber 122. Pressure relief valve 376 includes a flexible disk
shaped diaphragm 380 having an outer circumferential
edge 382 attached to back wall 182 of rotor 110. Dia-
phragm 380 may include an aperture 384 located at a
center of the diaphragm 380 for receiving a seal 386.
Seal 386 includes a tubular shaped seal ring 388. At-
tached to an outer surface 390 of seal ring 388 is a grom-
met 392 for attaching seal ring 388 to a circumferential
edge of aperture 392. A lateral end 394 of seal ring 388
slideably engages a ring shaped seal seat 396 fixedly
attached to housing 112. A biasing member 398, such
as spring or other elastic material, may be provided for
urging seal ring 388 into contact with seal seat 396. Bi-
asing member 398 is trapped axially between rotor 110
and seal grommet 392 in a compressed state, thereby
urging seal ring 388 away from rotor 110 and into contact
with ring seat 396.
[0071] Pressure relief valve 376 operates to help con-
trol a maximum pressure within hydrodynamic chamber
122 by allowing a small quantity of fluid to be discharged
from a cavity 400 between housing 112 and back wall
182 of rotor 110, to hydrodynamic chamber supply pas-
sage 128 when the internal pressure exceeds some pre-
determined level.
[0072] Cooling fluid from engine cooling system 40 can
be supplied to hydrodynamic chamber 122 through hy-
drodynamic chamber supply passage 128. The cooling
fluid passes through an orifice 402 in seal seat 396 and
through an internal passage 404 in seal ring 388. The
cooling fluid travels radially outward through cavity 132
formed between back wall 182 of rotor 110 and dia-
phragm 380. The cooling fluid enters one or more pas-
sages 134 in blades 136 of rotor 110, and is discharged
along the interface between stator 108 and rotor 110.
[0073] The fluid pressure within hydrodynamic cham-
ber 122 is dependant on, among other things, the mass
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quantity of fluid present within the chamber. Hydrody-
namic chamber 122 is in fluid communication with cavity
400 between housing 112 and the back of rotor 110, and
the pressure within cavity 400 can reasonably approxi-
mate the pressure within hydrodynamic chamber 122.
As the pressure increases within hydrodynamic chamber
122, so does the pressure within cavity 400. An increase
in pressure within cavity 400 will generally increase the
pressure drop across diaphragm 380, When the pressure
within cavity 400 reaches a level at which the pressure
force applied along the cavity 400 side of diaphragm 380
exceeds the sum of the pressure force being exerted
along the opposite cavity 132 side of the diaphragm, plus
the biasing force of biasing member 398, seal ring 388
will become disengaged from ring seat 396, thereby al-
lowing a quantity of cooling fluid to flow from cavity 400
to hydrodynamic chamber supply passage 128. This will
result in a decrease in the quantity of fluid present within
hydrodynamic chamber 122, which will produce a corre-
sponding decrease in pressure within the hydrodynamic
chamber. As the pressure within hydrodynamic chamber
122 continues to decrease, seal ring 388 will move toward
seal seat 396 until the pressure within hydrodynamic
chamber 122 is below a desired level, at which point seal
ring 386 will seal against ring seat 396 and prevent any
further flow of fluid between cavity 400 and supply pas-
sage 128. The pressure level at which seal ring 388 be-
gins to be displaced from ring seat 396 can be calibrated
by adjusting the spring rate of biasing member 398.
[0074] With reference to Fig. 33, to aid in the operation
of the pressure relief valve 376, seal ring 388 may include
a calibrated orifice plate 408, which operates to restrict
the flow area through seal ring 388 and increase the dif-
ferential pressure across diaphragm 380. The force tend-
ing to move seal ring 388 away from ring seat 396 would
thus be the sum of the pressure force applied to the cavity
400 side of diaphragm 380 plus the pressure force ap-
plied to the supply passage 128 side of orifice plate 408.
[0075] Under certain operating conditions, it may be
possible to improve the performance of pressure relief
valve 376 by fluidly connecting hydrodynamic chamber
supply passage 128 to an inlet of water pump 44 rather
than thermostat 65. This can be accomplished for a sup-
plemental heating system utilizing fluid distribution mod-
ule 198 incorporating the spool valve, by altering the fluid
connections shown in Fig. 3 to correspond with those
shown in Fig. 34, which shows an arrangement not form-
ing part of the claimed invention. Instead of fluidly con-
necting hydrodynamic chamber supply passage 128 to
fluid junction 126, hydrodynamic chamber supply pas-
sage 128 can be fluidly connected to cooling system re-
turn passage 146. A similar modification can be done for
a supplemental heating system incorporating dual check
valve fluid distribution module 310, as Fig. 35, which
shows an embodiment forming part of the invention.

Claims

1. A fluid distribution module comprising:

a driven check valve (312) having an inlet pas-
sage (144), a first outlet passage (146), and a
second outlet passage (148), the driven check
valve (312) operable for selectively establishing
a fluid connection between the inlet passage
(144) and the first outlet passage (146) and the
inlet passage (144) and the second outlet pas-
sage (148); and
a drive check valve (156) having a first inlet pas-
sage (138), a second inlet passage (152), and
an outlet passage (142), the drive check valve
(156) operable for selectively establishing a fluid
connection between the first inlet passage (138)
and the outlet passage (142) and the second
inlet passage (152) and the outlet passage
(142), the drive check valve (156) operably con-
nected to the driven check valve (312), wherein
operation of the driven check valve (312) is con-
trolled by the drive check valve (156).

2. The fluid distribution module of claim 1, wherein the
driven check valve (312) comprises a first valve flap
and the drive check valve (156) comprises a second
valve flap, the fluid distribution module further com-
prising an actuating link (313) operably connecting
the first valve flap to the second valve flap.

3. The fluid distribution module of claim 2, wherein the
second valve flap is moveable between a first posi-
tion, in which the second valve flap substantially
blocks a fluid path between the first inlet passage
(138) of the drive check valve (156) and the outlet
passage (142) of the drive check valve (156), and a
second position, in which the second valve flap sub-
stantially blocks a fluid path between the second inlet
passage (152) of the drive check valve (156) and the
outlet passage (142) of the drive check valve (156).

4. The fluid distribution module of claim 3, wherein a
flow path between the inlet passage (144) of the driv-
en check valve (312) and the first outlet passage
(146) of the driven check valve (312) is substantially
blocked when the second valve flap is positioned in
its second position.

5. The fluid distribution module of claim 2, wherein the
actuating link (313) comprises a shaft (364) rotatable
about a longitudinal axis of the shaft (364), wherein
the first and second valve flaps are fixedly attached
to the shaft (364) for concurrent rotation therewith.

6. The fluid distribution module of claim 2, wherein the
first valve flap is selectively moveable between a first
position, in which the first valve flap substantially

21 22 



EP 2 106 354 B1

13

5

10

15

20

25

30

35

40

45

50

55

blocks a fluid path between the inlet passage (144)
of the driven check valve (312) and the first outlet
passage (146) of the driven check valve (312), and
a second position, in which a fluid path between the
inlet passage (144) of the driven check valve (312)
and the first outlet passage (146) of the driven check
valve (312) is substantially unimpeded by the first
valve flap.

7. The fluid distribution module of claim 1, wherein the
inlet passage (144) of the driven check valve (312)
is fluidly connected to the first outlet passage (146)
of the driven check valve (312) in response to ad-
justing the drive check valve (156) to fluidly connect
the second inlet passage (152) of the drive check
valve (156) to the outlet passage (142) of the drive
check valve (156).

8. The fluid distribution module of claim 7, wherein the
inlet passage (144) of the driven check valve (312)
is fluidly connected to the second outlet passage
(148) of the driven check valve (312) in response to
adjusting the drive check valve (156) to fluidly con-
nect the first inlet passage (138) of the drive check
valve (156) to the outlet passage (142) of the drive
check valve (156).

9. The fluid distribution module of claim 1, further com-
prising a third valve (314) having a valve seat (350),
a valve spindle (344) selectively engageable with the
valve seat (350), and an actuator (340) connected
to the valve spindle (344), the actuator (340) opera-
ble for selectively disengaging the valve spindle
(344) from the valve seat (350).

10. A supplemental heating system comprising the fluid
distribution module of claim 1, further comprising a
heating device (102) having a hydrodynamic cham-
ber (122) operable for selectively heating a fluid
present within the hydrodynamic chamber (122), the
hydrodynamic chamber (122) including an inlet port
fluidly connected to the second outlet passage (148)
of the driven check valve (312) and a discharge port
fluidly connected to the first inlet passage (138) of
the drive check valve (156), wherein the driven check
valve (312) is operable for selectively adjusting a flu-
id path between the driven check valve (312) and
the inlet port of the hydrodynamic chamber (122) in
response to an input received from the drive check
valve (155).

11. The supplemental heating system of claim 10, further
comprising a heat exchanger (86) having an exit port
(90a) fluidly connected to the inlet passage (144) of
the driven check valve (312) and an inlet port (88a)
fluidly connected to the outlet passage (142) of the
drive check valve (156).

12. The supplemental heating system of claim 10,
wherein the second valve (156) is operable to fluidly
connect the first inlet passage (138) of the drive
check valve (156) to the outlet passage (142) of the
drive check valve (156) when the hydrodynamic
chamber (122) is operating.

13. The supplemental heating system of claim 10,
wherein the drive check valve (156) is operable to
fluidly connect the second inlet passage (152) of the
drive check valve (156) to the outlet passage (142)
of the drive check valve (156) when the hydrodynam-
ic chamber (122) is not operating.

14. The supplemental heating system of claim 10,
wherein the driven check valve (312) is operable, in
response to the drive check valve (156), to fluidly
connect the inlet passage (144) of the driven check
valve (312) to the first outlet passage (148) of the
driven check valve (312) when the hydrodynamic
chamber (122) is operating.

15. The supplemental heating system of claim 10,
wherein the driven check valve (312) is operable, in
response to the drive check valve (156), to fluidly
connect the inlet passage (144) of the driven check
valve (312) to the first outlet passage (146) of the
driven check valve (312) when the hydrodynamic
chamber (122) is not operating.

16. The supplemental heating system of claim 10, further
comprising a third valve (314) having an inlet pas-
sage (316) fluidly connected to the second outlet
passage (148) of the driven check valve (312), and
an outlet passage (318) fluidly connected to the first
outlet passage (146) of the driven check valve (312),
the third valve (314) selectively operable to fluidly
connect the second outlet passage (148) of the driv-
en check valve (312) to the first outlet passage (146)
of the driven check valve (312) when the hydrody-
namic chamber (122) is operating.

Patentansprüche

1. Fluid-Verteilermodul, welches Folgendes aufweist:

ein angesteuertes Rückschlagventil (312), wel-
ches einen Einlasskanal (144), einen ersten
Auslasskanal (146) sowie einen zweiten Aus-
lasskanal (148) aufweist, wobei das angesteu-
erte Rückschlagventil (312) betriebsbereit ist,
um selektiv eine Fluidverbindung zwischen dem
Einlasskanal (144) und dem ersten Auslasska-
nal (146) und dem Einlasskanal (144) und dem
zweiten Auslasskanal (148) herzustellen; und
ein Antriebs-Rückschlagventil (156), welches
einen ersten Einlasskanal (138), einen zweiten
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Einlasskanal (152) sowie einen Auslasskanal
(142) aufweist, wobei das Antriebs-Rückschlag-
ventil (156) betriebsbereit ist, um selektiv eine
Fluidverbindung zwischen dem ersten Einlass-
kanal (138) und dem Auslasskanal (142) und
dem zweiten Einlasskanal (152) und dem Aus-
lasskanal (142) herzustellen, wobei das An-
triebs-Rückschlagventil (156) betriebsbereit mit
dem angesteuerten Rückschlagventil (312) ver-
bunden ist, dadurch gekennzeichnet, dass
der Betrieb des angesteuerten Rückschlagven-
tils (312) von dem das Antriebs-Rückschlagven-
til (156) gesteuert wird.

2. Fluid-Verteilermodul nach Anspruch 1, dadurch ge-
kennzeichnet, dass das angesteuerte Rückschlag-
ventil (312) eine erste Ventilklappe aufweist und das
Antriebs-Rückschlagventil (156) eine zweite Ventil-
klappe aufweist, wobei das Fluid-Verteilermodul des
Weiteren ein Betätigungsgelenk (313) aufweist, wel-
ches die erste Ventilklappe mit der zweiten Ventil-
klappe betriebsbereit verbindet.

3. Fluid-Verteilermodul nach Anspruch 2, dadurch ge-
kennzeichnet, dass die zweite Ventilklappe zwi-
schen einer ersten Position, in welcher die zweite
Ventilklappe einen Fluidpfad zwischen dem ersten
Einlasskanal (138) des Antriebs-Rückschlagventils
(156) und dem Auslasskanal (142) des Antriebs-
Rückschlagventils (156) im Wesentlichen blockiert,
und einer zweiten Position, in welcher die zweite
Ventilklappe einen Fluidpfad zwischen dem zweiten
Einlasskanal (152) des Antriebs-Rückschlagventils
(156) und dem Auslasskanal (142) des Antriebs-
Rückschlagventils (156) im Wesentlichen blockiert,
verschiebbar ist.

4. Fluid-Verteilermodul nach Anspruch 3, dadurch ge-
kennzeichnet, dass ein Fluidpfad zwischen dem
Einlasskanal (144) des angesteuerten Rückschlag-
ventils (312) und dem ersten Auslasskanal (146) des
angesteuerten Rückschlagventils (312) im Wesent-
lichen blockiert wird, wenn die zweite Ventilklappe
in ihrer zweiten Position angeordnet ist.

5. Fluid-Verteilermodul nach Anspruch 2, dadurch ge-
kennzeichnet, dass das Betätigungsgelenk (313)
eine Welle (364) aufweist, welche um eine Längs-
achse der Welle (364) drehbar ist, wobei die erste
und zweite Ventilklappe fest auf der Welle (364)
montiert sind, um sich gleichzeitig mit dieser zu dre-
hen.

6. Fluid-Verteilermodul nach Anspruch 2, dadurch ge-
kennzeichnet, dass die erste Ventilklappe selektiv
zwischen einer ersten Position, in welcher die erste
Ventilklappe einen Fluidpfad zwischen dem Einlass-
kanal (144) des angesteuerten Rückschlagventils

(312) und dem ersten Auslasskanal (146) des ange-
steuerten Rückschlagventils (312) im Wesentlichen
blockiert, und einer zweiten Position, in welcher ein
Fluidpfad zwischen dem Einlasskanal (144) des an-
gesteuerten Rückschlagventils (312) und dem ers-
ten Auslasskanal (146) des angesteuerten Rück-
schlagventils (312) von der ersten Ventilklappe im
Wesentlichen unbehindert ist, selektiv verschiebbar
ist.

7. Fluid-Verteilermodul nach Anspruch 1, dadurch ge-
kennzeichnet, dass der Einlasskanal (144) des an-
gesteuerten Rückschlagventils (312) in Fluidverbin-
dung mit dem ersten Auslasskanal (146) des ange-
steuerten Rückschlagventils (312) ansprechend
darauf ist, dass das Antriebs-Rückschlagventil (156)
zur Fluidverbindung des zweiten Einlasskanals
(152) des Antriebs-Rückschlagventils (156) mit dem
Auslasskanal (142) des Antriebs-Rückschlagventils
(156) eingestellt ist.

8. Fluid-Verteilermodul nach Anspruch 7, dadurch ge-
kennzeichnet, dass der Einlasskanal (144) des an-
gesteuerten Rückschlagventils (312) in Fluidverbin-
dung mit dem zweiten Auslasskanal (148) des an-
gesteuerten Rückschlagventils (312) ansprechend
darauf ist, dass das Antriebs-Rückschlagventil (156)
zur Fluidverbindung des ersten Einlasskanals (138)
des Antriebs-Rückschlagventils (156) mit dem Aus-
lasskanal (142) des Antriebs-Rückschlagventils
(156) eingestellt ist.

9. Fluid-Verteilermodul nach Anspruch 1, welches des
Weiteren ein drittes Ventil (314) mit einem Ventilsitz
(350), einer Ventilspindel (344), die selektiv mit dem
Ventilsitz (350) in Eingriff bringbar ist, und einem mit
der Ventilspindel (344) verbundenen Stellglied (340)
aufweist, wobei das Stellglied (340) betriebsbereit
ist, um die Ventilspindel (344) selektiv aus dem Ven-
tilsitz (350) auszukuppeln.

10. Zusatzheizsystem, welches ein Fluid-Verteilermo-
dul nach Anspruch 1 aufweist, wobei das Zusatz-
heizsystem des Weiteren eine Heizvorrichtung (102)
mit einer hydrodynamische Kammer (122) aufweist,
die betriebsbereit ist, um ein in der hydrodynami-
schen Kammer (122) vorliegendes Fluid selektiv zu
erwärmen, wobei die hydrodynamische Kammer
(122) eine Einlassöffnung aufweist, welche in Fluid-
verbindung mit dem zweiten Auslasskanal (148) des
angesteuerten Rückschlagventils (312) ist, sowie ei-
ne Auslassöffnung, welche in Fluidverbindung mit
dem ersten Einlasskanal (138) des Antriebs-Rück-
schlagventils (156) ist, wobei das angesteuerte
Rückschlagventil (312) betriebsbereit ist, um einen
Fluidpfad zwischen dem angesteuerten Rück-
schlagventil (312) und der Einlassöffnung der hydro-
dynamischen Kammer (122) ansprechend auf ein
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von dem Antriebs-Rückschlagventil (156) empfan-
genes Eingangssignal selektiv anzupassen bzw.
einzustellen.

11. Zusatzheizsystem nach Anspruch 10, welches des
Weiteren einen Wärmetauscher (86) mit einer Aus-
trittsöffnung (90a), die in Fluidverbindung mit dem
Eingangskanal (144) des angesteuerten Rück-
schlagventils (312) ist, und mit einer Eintrittsöffnung
(88a) aufweist, die in Fluidverbindung mit dem Aus-
lasskanal (142) des Antriebs-Rückschlagventils
(156) ist.

12. Zusatzheizsystem nach Anspruch 10, dadurch ge-
kennzeichnet, dass das zweite Ventil (156) be-
triebsbereit ist, um den ersten Einlasskanal (138)
des Antriebs-Rückschlagventils (156) mit dem Aus-
lasskanal (142) des Antriebs-Rückschlagventils
(156) in Fluidverbindung zu bringen, wenn die hy-
drodynamische Kammer (122) arbeitet.

13. Zusatzheizsystem nach Anspruch 10, dadurch ge-
kennzeichnet, dass das Antriebs-Rückschlagventil
(156) betriebsbereit ist, um den zweiten Einlasska-
nal (152) des Antriebs-Rückschlagventils (156) in
Fluidverbindung mit dem Auslasskanal (142) des
Antriebs-Rückschlagventils (156) zu bringen, wenn
die hydrodynamische Kammer (122) nicht in Betrieb
ist.

14. Zusatzheizsystem nach Anspruch 10, dadurch ge-
kennzeichnet, dass das angesteuerte Rückschlag-
ventil (312) betriebsbereit ist, um den Einlasskanal
(144) des angesteuerten Rückschlagventils (312)
ansprechend auf das Antriebs-Rückschlagventil
(156) mit dem ersten Auslasskanal (148) des ange-
steuerten Rückschlagventils (312) in Fluidverbin-
dung zu bringen, wenn die hydrodynamische Kam-
mer (122) in Betrieb ist.

15. Zusatzheizsystem nach Anspruch 10, dadurch ge-
kennzeichnet, dass das angesteuerte Rückschlag-
ventil (312) betriebsbereit ist, um den Einlasskanal
(144) des angesteuerten Rückschlagventils (312)
ansprechend auf das Antriebs-Rückschlagventil
(156) mit dem ersten Auslasskanal (146) des ange-
steuerten Rückschlagventils (312) in Fluidverbin-
dung zu bringen, wenn die hydrodynamische Kam-
mer (122) nicht in Betrieb ist.

16. Zusatzheizsystem nach Anspruch 10, welches des
Weiteren ein drittes Ventil (314) mit einem Einlass-
kanal (316) aufweist, welcher in Fluidverbindung mit
dem zweiten Auslasskanal (148) des angesteuerten
Rückschlagventils (312) ist, und mit einem Auslass-
kanal (318), welcher in Fluidverbindung mit dem ers-
ten Auslasskanal (146) des angesteuerten Rück-
schlagventils (312) ist, wobei das dritte Ventil (314)

selektiv betriebsbereit ist, um den zweiten Auslass-
kanal (148) des angesteuerten Rückschlagventils
(312) mit dem ersten Auslasskanal (146) des ange-
steuerten Rückschlagventils (312) in Fluidverbin-
dung zu bringen, wenn die hydrodynamische Kam-
mer (122) in Betrieb ist.

Revendications

1. Module de distribution de fluide comprenant :

une soupape anti-retour entraînée (312) ayant
un passage d’entrée (144), un premier passage
de sortie (146), et un deuxième passage de sor-
tie (148), la soupape anti-retour entraînée (312)
pouvant fonctionner pour établir de manière sé-
lective une communication fluidique entre le
passage d’entrée (144) et le premier passage
de sortie (146) et le passage d’entrée (144) et
le deuxième passage de sortie (148) ; et
une soupape anti-retour d’entraînement (156)
ayant un premier passage d’entrée (138), un
deuxième passage d’entrée (152), et un passa-
ge de sortie (142), la soupape anti-retour d’en-
traînement (156) pouvant fonctionner pour éta-
blir de manière sélective une communication
fluidique entre le premier passage d’entrée
(138) et le passage de sortie (142) et le deuxiè-
me passage d’entrée (152) et le passage de sor-
tie (142), la soupape anti-retour d’entraînement
(156) reliée de manière fonctionnelle à la sou-
pape anti-retour entraînée (312), dans lequel un
fonctionnement de la soupape anti-retour en-
traînée (312) est commandé par la soupape an-
ti-retour d’entraînement (156).

2. Module de distribution de fluide de la revendication
1, dans lequel la soupape anti-retour entraînée (312)
comprend un premier clapet de soupape et la sou-
pape anti-retour d’entraînement (156) comprend un
deuxième clapet de soupape, le module de distribu-
tion de fluide comprenant en outre une liaison d’ac-
tionnement (313) reliant de manière fonctionnelle le
premier clapet de soupape au deuxième clapet de
soupape.

3. Module de distribution de fluide de la revendication
2, dans lequel le deuxième clapet de soupape peut
se déplacer entre une première position, dans la-
quelle le deuxième clapet de soupape bloque essen-
tiellement un trajet de fluide entre le premier passage
d’entrée (138) de la soupape anti-retour d’entraîne-
ment (156) et le passage de sortie (142) de la sou-
pape anti-retour d’entraînement (156), et une
deuxième position, dans laquelle le deuxième clapet
de soupape bloque essentiellement un trajet de flui-
de entre le deuxième passage d’entrée (152) de la
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soupape anti-retour d’entraînement (156) et le pas-
sage de sortie (142) de la soupape anti-retour d’en-
traînement (156).

4. Module de distribution de fluide de la revendication
3, dans lequel un trajet d’écoulement entre le pas-
sage d’entrée (144) de la soupape anti-retour entraî-
née (312) et le premier passage de sortie (146) de
la soupape anti-retour entraînée (312) est essentiel-
lement bloqué lorsque le deuxième clapet de sou-
pape est positionné dans sa deuxième position.

5. Module de distribution de fluide de la revendication
2, dans lequel la liaison d’actionnement (313) com-
prend un arbre (364) pouvant tourner autour d’un
axe longitudinal de l’arbre (364), dans lequel les pre-
mier et deuxième clapets de soupape sont fixés so-
lidement à l’arbre (364) pour une rotation simultanée
avec celui-ci.

6. Module de distribution de fluide de la revendication
2, dans lequel le premier clapet de soupape peut se
déplacer de manière sélective entre une première
position, dans laquelle le premier clapet de soupape
bloque essentiellement un trajet de fluide entre le
passage d’entrée (144) de la soupape anti-retour en-
traînée (312) et le premier passage de sortie (146)
de la soupape anti-retour entraînée (312), et une
deuxième position, dans laquelle un trajet de fluide
entre le passage d’entrée (144) de la soupape anti-
retour entraînée (312) et le premier passage de sor-
tie (146) de la soupape anti-retour entraînée (312)
est essentiellement non entravé par le premier clapet
de soupape.

7. Module de distribution de fluide de la revendication
1, dans lequel le passage d’entrée (144) de la sou-
pape anti-retour entraînée (312) est en communica-
tion fluidique avec le premier passage de sortie (146)
de la soupape anti-retour entraînée (312) en réponse
à un réglage de la soupape anti-retour d’entraîne-
ment (156) afin de mettre en communication fluidi-
que le deuxième passage d’entrée (152) de la sou-
pape anti-retour d’entraînement (156) avec le pas-
sage de sortie (142) de la soupape anti-retour d’en-
traînement (156).

8. Module de distribution de fluide de la revendication
7, dans lequel le passage d’entrée (144) de la sou-
pape anti-retour entraînée (312) est en communica-
tion fluidique avec le deuxième passage de sortie
(148) de la soupape anti-retour entraînée (312) en
réponse à un réglage de la soupape anti-retour d’en-
traînement (156) pour mettre en communication flui-
dique le premier passage d’entrée (138) de la sou-
pape anti-retour d’entraînement (156) avec le pas-
sage de sortie (142) de la soupape anti-retour d’en-
traînement (156).

9. Module de distribution de fluide de la revendication
1, comprenant en outre une troisième soupape (314)
ayant un siège de soupape (350), une tige de sou-
pape (344) pouvant être engagée de manière sélec-
tive avec le siège de soupape (350), et un actionneur
(340) relié à la tige de soupape (344), l’actionneur
(340) pouvant fonctionner pour libérer de manière
sélective la tige de soupape (344) du siège de sou-
pape (350).

10. Système de chauffage supplémentaire comprenant
le module de distribution de fluide de la revendication
1, comprenant en outre un dispositif de chauffage
(102) ayant une chambre hydrodynamique (122)
pouvant fonctionner pour chauffer de manière sélec-
tive un fluide présent à l’intérieur de la chambre hy-
drodynamique (122), la chambre hydrodynamique
(122) comportant un orifice d’entrée en communica-
tion fluidique avec le deuxième passage de sortie
(148) de la soupape anti-retour entraînée (312) et
un orifice d’évacuation en communication fluidique
avec le premier passage d’entrée (138) de la sou-
pape anti-retour d’entraînement (156), dans lequel
la soupape anti-retour entraînée (312) peut fonction-
ner pour régler de manière sélective un trajet de flui-
de entre la soupape anti-retour entraînée (312) et
l’orifice d’entrée de la chambre hydrodynamique
(122) en réponse à une entrée reçue à partir de la
soupape anti-retour d’entraînement (156).

11. Système de chauffage supplémentaire de la reven-
dication 10, comprenant en outre un échangeur de
chaleur (86) ayant un orifice de sortie (90a) en com-
munication fluidique avec le passage d’entrée (144)
de la soupape anti-retour entraînée (312) et un ori-
fice d’entrée (88a) en communication fluidique avec
le passage de sortie (142) de la soupape anti-retour
d’entraînement (156).

12. Système de chauffage supplémentaire de la reven-
dication 10, dans lequel la deuxième soupape (156)
peut fonctionner pour mettre en communication flui-
dique le premier passage d’entrée (138) de la sou-
pape anti-retour d’entraînement (156) avec le pas-
sage de sortie (142) de la soupape anti-retour d’en-
traînement (156) lorsque la chambre hydrodynami-
que (122) est en fonctionnement.

13. Système de chauffage supplémentaire de la reven-
dication 10, dans lequel la soupape anti-retour d’en-
traînement (156) peut fonctionner pour mettre en
communication fluidique le deuxième passage d’en-
trée (152) de la soupape anti-retour d’entraînement
(156) avec le passage de sortie (142) de la soupape
anti-retour d’entraînement (156) lorsque la chambre
hydrodynamique (122) n’est pas en fonctionnement.

14. Système de chauffage supplémentaire de la reven-
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dication 10, dans lequel la soupape anti-retour en-
traînée (312) peut fonctionner, en réponse à la sou-
pape anti-retour d’entraînement (156), pour mettre
en communication fluidique le passage d’entrée
(144) de la soupape anti-retour entraînée (312) avec
le premier passage de sortie (148) de la soupape
anti-retour entraînée (312) lorsque la chambre hy-
drodynamique (122) est en fonctionnement.

15. Système de chauffage supplémentaire de la reven-
dication 10, dans lequel la soupape anti-retour en-
traînée (312) peut fonctionner, en réponse à la sou-
pape anti-retour d’entraînement (156), pour mettre
en communication fluidique le passage d’entrée
(144) de la soupape anti-retour entraînée (312) avec
le premier passage de sortie (146) de la soupape
anti-retour entraînée (312) lorsque la chambre hy-
drodynamique (122) n’est pas en fonctionnement.

16. Système de chauffage supplémentaire de la reven-
dication 10, comprenant en outre une troisième sou-
pape (314) ayant un passage d’entrée (316) en com-
munication fluidique avec le deuxième passage de
sortie (148) de la soupape anti-retour entraînée
(312), et un passage de sortie (318) en communica-
tion fluidique avec le premier passage de sortie (146)
de la soupape anti-retour entraînée (312), la troisiè-
me soupape (314) pouvant fonctionner de manière
sélective pour mettre en communication fluidique le
deuxième passage de sortie (148) de la soupape
anti-retour entraînée (312) avec le premier passage
de sortie (146) de la soupape anti-retour entraînée
(312) lorsque la chambre hydrodynamique (122) est
en fonctionnement.
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