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COOLANT SYSTEM FOR ENGINE TRANSMISSION

FIELD OF THE INVENTION
The present invention relates to cooling systems for automotive vehicles.
More particularly the field of the present invention relates to cooling systems for
automotive vehicles having a liquid fluid cooled engine torsionally coupled to an oil

lubricated transmission.

BACKGROUND OF THE INVENTION

It is well known that automotive internal combustion engines create waste
heat that must be removed to prevent the engine from overheating. Additionally
many automotive oil lubricated transmissions also create waste heat. It has been
known to provide engine coolant systems to prevent overheating of the engine. It
is also been known to provide transmission oil coolers which have heat transfer
capabilities with the engine coolant system to provide removal of waste heat from
the transmission oil to prevent the transmission oil from being damaged. Most prior
transmission oil coolers had a thermostat that allowed cooling of the transmission
oil upon the transmission oil reaching a predetermined temperature. The optimum
transmission oil temperature can often be lower than the thermostat temperature
but is often above that of the environment that the vehicle has been stored in. If the
transmission oil is lower than its optimum operating temperature, it will cause the
transmission to be less efficient and therefore decrease the fuel economy of a
vehicle upon start up. Therefore it is often desirable to heat the transmission oil
(with thermal energy from the faster heating up engine coolant system) so that the
transmission oil may reach its optimum operating temperature faster.

It is desirable to provide an engine thermal management system for an
automotive vehicle that can heat or cool the engine as well as the transmission oil
to a temperature that places them both at an optimal temperature range for
optimum vehicle efficiency is as short as a time period that is possible. It is also

desirable to accomplish the above in as simple manner as possible.

SUMMARY OF THE INVENTION
To make manifest the above noted and other desires, a revelation of the

present invention is brought forth. The present invention endows a freedom of a
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thermal energy management system for automotive vehicle having a liquid fluid
cooled engine torsionally couple to an oil lubricated transmission. The thermal
energy management system includes an engine cooling system. A transmission oll
outlet and inlet are provided for the transmission. A heat exchanger is provided that
is fluidly connected with the engine coolant system. The heat exchanger has an oil
inlet for fluid communication with the transmission oil outlet and an oil outlet for fluid
communication with the transmission oil inlet. The heat exchanger provides for the
exchange of thermal energy between the engine coolant and the transmission oil.
A solenoid controlled bypass valve is provided juxtaposed between the
transmission and the heat exchanger. The solenoid controlled bypass valve has
the first inlet directly connected with the transmission oil outlet and a first outlet
directly connected with the heat exchanger oll inlet. The solenoid controlled bypass
valve has a second inlet directly connected with the heat exchanger oil outlet and
a second outlet directly connected to the transmission oil inlet. The solenoid
controlled bypass valve has a bypass flow path connecting its first inlet with its
second outlet. The solenoid controlled bypass valve has at least a first position
allowing thermal energy exchange between the transmission oil and the coolant
system. The solenoid controlled bypass valve has additionally a second position
fluidly connecting the solenoid controlled bypass valve transmission oil inlet with
the bypass flow path thereby thermally isolating the transmission oil from the engine
coolant. A controller is provided for selectively positioning of the solenoid controlled
bypass valve. The controller is cognizant of the temperatures of the transmission
oil and of the engine coolant to order thermal energy interchange between the
transmission oil and the engine coolant or to thermally isolate the transmission oll
from the engine coolant.

Further areas of applicability of the present invention will become apparent
from the detailed description provided hereinafter. It should be understood that the
detailed description and specific examples, while indicating the preferred
embodiment of the invention, are intended for purposes of illustration only and are

not intended to limit the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
The present invention will become more fully understood from the detailed

description and the accompanying drawings, wherein:
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Fig. 1 is a schematic view of a preferred embodiment automotive vehicle
thermal energy management system according to the present invention;

Fig. 2 is a schematic view of the automotive vehicle thermal energy
management system shown in Fig. 1 wherein the engine coolant is warming up the
transmission oil;

Fig. 3 is a schematic view of the automotive vehicle thermal energy
management system shown in Fig. 1 wherein the engine coolant is cooling the
transmission oil;

Fig. 4 is a schematic view of the automotive vehicle thermal energy
management system wherein the transmission is heating up the vehicle engine;

Fig. 5 is sectional view of a solenoid controlled bypass valve in the
automotive vehicle energy management system shown in Fig. 4;

Fig 6. is an enlargement of an encircled portion of Fig. 5;

Fig. 7 is a view similar to that of Figure 5 with the solenoid controlled bypass
valve in a position to allow thermal energy transfer between the transmission oil

and the engine coolant;

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The following description of the preferred embodiment(s) is merely
exemplary in nature and is in no way intended to limit the invention, its application,
or uses.

Referring to the Figures 1 through 7, a thermal energy management system
7 for an automotive vehicle is provided. The vehicle is powered by a liquid fluid
cooled engine 10. The engine 10 is typically a reciprocating piston type engine. The
engine 10 is torsionally coupled to a transmission 12. Transmission 12 is lubricated
by oil and can be optionally oil pressure actuated.

The engine 10 has an engine coolant system. The engine coolant system
includes a water pump 14. The water pump 14 pressurizes a coolant. The coolant
is typically water mixed with an antifreeze like sodium glycol or other suitable
alternatives. Heated water escapes the engine and is fluidly connected with a
radiator bypass valve 16. The radiator bypass valve 16 is fluidly connected with an
air cooled radiator 18. The radiator bypass valve 16 is also fluidly connected with
a radiator bypass line 20. Radiator bypass line 20 and a radiator outlet 22 are

fluidly connected to an inlet 24 of a transmission oil heat exchanger 26. The heat
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exchanger 26 has a coolant outlet 28 that is fluidly connected with an inlet 30 of the
water pump 14.

The transmission 12 has a transmission oil outlet 34. The transmission 12
also has a transmission oil inlet 36. The heat exchanger 26 has a transmission oil
inlet 40 for fluid communication with the transmission oil outlet 34. The heat
exchanger 26 also has a transmission oil outlet 42 for fluid communication with the
transmission oil inlet 36. The heat exchanger 26 allows for an exchange of thermal
energy between the engine 10 and transmission 12 via the engine coolant and the
transmission oil.

A solenoid controlled bypass valve 50 is juxtaposed between the
transmission 12 and the heat exchanger 26. The solenoid controlled bypass valve
50 has a first inlet 52 directly connected with the transmission oil outlet 34. The
solenoid controlled bypass valve 50 has a first outlet 54 directly connected with the
heat exchanger transmission oil inlet 40. The solenoid controlled bypass valve 50
has a second transmission oil inlet 56 directly connected with the heat exchanger
transmission oil outlet 42. The solenoid controlled bypass valve 26 has a second
outlet 58 directly connected with the transmission oil inlet 36. The solenoid
controlled bypass valve 50 has a multi-diameter bypass flow path 60 connecting
the first inlet 52 with the second outlet 58.

Controlling the flow between the first inlet 52 and the second outlet 58 in the
bypass flow path 60 is a valve spool 70. The valve spool 70 has a reduced diameter
portion 72 connected to an enlarged valving portion or land 74. Rearward (to the
right as shown in the figure) of the land 74 is a rear face seal portion 76. Radially
inward from the face seal portion 76 is in alignment stem 78. The valve spool 70 is
contacted by a plunger 80. The plunger 80 is acted upon by a solenoid actuator 82.
A biasing spring 86 urges the valve spool 70 towards the solenoid actuator 82. As
mentioned previously the valve spool 70 has aland 74. The land 74 creates a front
seal portion 75 with a transition shoulder 77 from a reduced diameter portion 61 to
an enlarged diameter portion 63 of the flow path 60. When the valve spool 70 is in
the position is best shown in Figure 7, fluid is allowed to flow freely from the first
inlet 52 to the second outlet 54 however fluid cannot flow to flow path 60 because
of being blocked by the seal portion 75 being in a position to block flow at the
transition shoulder 77. Therefore, transmission oil can pass to the heat exchanger

26 allowing thermal energy exchange between the transmission oil and the coolant
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system. When the solenoid actuator 82 is energized as best shown Figures 5 and
6, the solenoid actuator 82 causes the plunger 80 (and valve spool 70) to go
rightward compressing the spring 86. By its rightward movement the valve spool
70 causes its rear face seal portion 76 to engage with a valve seat 92 preventing
flow from the second inlet 56 to the second outlet 58 thereby thermally isolating the
transmission oil from the heat exchanger 26 and thereby opening up the bypass
flow path 60. If desired flow allowed through the bypass flow path can be throttled
by allowing solenoid actuator 82 to be a proportional solenoid or to have pulse width
modulation.

The valve seat 92 is formed on a plug 94. The plug 94 additionally has a
bore 96 for receipt of the alignment stem 78 of the valve spool. Surrounding the
bore 96 of the plug 94 there is a mount 95 for the biasing spring 86.

A controller 100 is also provided. The controller 100 is provided for
selectively determining the position of the solenoid controlled bypass valve 50 by
controlling operation of the solenoid controlled bypass valve solenoid actuator 82.
The controller 100 is also cognizant of the temperatures the transmission oil and of
the engine coolant. The controller 100 determines whether the solenoid controlled
bypass valve 50 will allow thermal exchange between the transmission oil and the
engine coolant or thermally isolate the transmission oil from the engine coolant.
The controller 100 also controls operation of the radiator bypass valve 16.

In operation (see Fig. 1) typically if vehicle has set for a long period Iin
inclement (cold) weather, it is desirable that the radiator bypass valve 16 be placed
in the position (closed) causing the engine coolant flow coming from the engine to
bypass the radiator 18 diverting to the radiator bypass line 20. The engine coolant
coming from the engine enters the heat exchanger inlet 24, leaves the heat
exchanger coolant outlet 28 and is sucked in by the water pump inlet 30. Solenoid
actuator 82 is energized, thereby opening up bypass path 60 causing the
transmission oil from transmission outlet 34 to be cycled back to transmission inlet
36 causing the transmission oil to heat up as fast as possible. Typically the engine
coolant heats up faster than the transmission oil when the engine 10 is sufficiently
heated. After the controller 100 senses the increased engine coolant temperature,
the solenoid actuator 82 is de-energized (Fig. 2) allowing transmission oil to be
heated by the engine coolant in the heat exchanger 26. The arrangement of Fig. 2

allows the transmission oil to be heated faster and thereby brings the transmission
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oil to its optimum operating temperature faster than just being reliant upon friction
generated heat in the transmission 12. The increased rate of rise in the
temperature of the transmission oil will lower its viscosity faster thus lowering its
friction and allowing the vehicle to have a slight increase overall fuel economy.

During normal engine operation at highway speed the radiator bypass valve
16 is opened to allow coolant to be cooled in radiator 18 (Fig. 3). The solenoid
actuator 82 of the solenoid controlled bypass valve 50 is deenergized, allowing
thermal exchange between the transmission oil and coolant thereby cooling the
transmission oil.

In certain circumstances (Fig. 4) especially when utilizing the vehicle in
mountainous areas, the transmission oil can heat up before the engine coolant. To
increase the engine temperature as fast as possible to bring the engine 10 to its
maximum efficient temperature, the radiator bypass valve 16 will be signaled to a
position bypassing the radiator 18 allowing the engine coolant to be as warm as
possible and the solenoid bypass valve 50 is energized to allow thermal exchange
between the higher temperature transmission oil and the lower temperature engine
coolant to transfer excess heat from the transmission oil to the engine coolant in
order to warm the engine 10 faster thereby increasing overall engine efficiency and
vehicle fuel economy.

The description of the invention is merely exemplary in nature and, thus,
variations that do not depart from the gist of the invention are intended to be within
the scope of the invention. Such variations are not to be regarded as a departure

from the spirit and scope of the invention.
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CLAIMS
What is claimed is:
1. A thermal energy management system for an automotive vehicle

having a liquid fluid cooled engine torsionally couple to an oil lubricated
transmission, said thermal energy management system comprising:

an engine coolant system;

a transmission oil outlet for said transmission;

a transmission oll inlet for said transmission;

a heat exchanger fluidly connected with said engine coolant system, said
heat exchanger having an oil inlet for fluid communication with said transmission
oil outlet and an oil outlet for fluid communication with said transmission olil inlet for
exchanging thermal energy between engine coolant and transmission oll;

a solenoid controlled bypass valve juxtaposed between said transmission
and said heat exchanger having a first inlet directly connected with said
transmission oil outlet and a first outlet directly connected with said heat exchanger
oil inlet, said solenoid controlled bypass valve having a second inlet directly
connected with said heat exchanger oil outlet and a second outlet directly
connected with said transmission oil inlet, and said solenoid controlled bypass
valve having a bypass flow path connecting said first inlet with said second outlet,
said solenoid controlled bypass valve having at least a first position allowing
thermal energy exchange between the transmission oil and the coolant system,
and said solenoid controlled bypass valve having a second position fluidly
connecting said solenoid controlled bypass valve first inlet with said bypass flow
path thereby thermally isolating the transmission oil from the engine coolant; and

a controller for selecting the position of said solenoid controlled bypass
valve, said controller being cognizant of temperatures of the transmission oil and
the engine coolant to allow thermal energy exchange between the transmission oll
and the engine coolant or to thermally isolate the transmission oil from the engine

coolant.

2. The thermal energy management system of claim 1 wherein said
solenoid controlled bypass valve thermally isolates the transmission oil from the
engine coolant by turning off flow through said solenoid controlled bypass valve

second inlet
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3. The thermal energy management system of claim 1 wherein said
solenoid controlled bypass valve allows thermal energy exchange when a solenoid

actuator of said solenoid controlled bypass valve is non-energized.

4. The thermal energy management system of claim 1 wherein said
engine coolant system has a radiator bypass valve, said radiator bypass valve
diverting engine heated water to a radiator or to a radiator bypass, said radiator
and said radiator bypass both being fluidly connected with an engine coolant inlet
of said heat exchanger, and wherein said controller controls operation of said

radiator bypass valve.

. The thermal energy management system of claim 1 wherein when
the vehicle transmission oil is cooler than desired, and the engine coolant is hotter
than the transmission oil, said controller causes said solenoid controlled bypass

valve to allow thermal exchange between said transmission oil and said coolant.

6. The thermal energy management system of claim 1 wherein when
the engine coolant is cooler than desired, the transmission oil is hotter than the
engine coolant, said controller causes said solenoid controlled bypass valve to
allow thermal energy exchange between the transmission oil and the engine

coolant.

7. The thermal energy management system of claim 4 wherein when
the vehicle transmission oil is cooler than desired, and the engine coolant is hotter
than the transmission oil, said controller causes said radiator bypass valve to
connect the engine coolant with said radiator bypass and to cause said solenoid
controlled bypass valve to allow thermal energy exchange between the

transmission oil and the engine coolant

8. The thermal energy management system of claim 4 wherein when
the engine coolant is cooler than desired, and the engine coolant is cooler than the
transmission oil, said controller causes said radiator bypass valve to connect the

engine coolant with said radiator bypass and to cause said solenoid controlled
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bypass valve to allow thermal energy exchange between the transmission oil and

the engine coolant.

9. The thermal energy management system of claim 1 wherein said
solenoid controlled bypass valve has a proportional solenoid actuator to throttle the

flow delivered to said heat exchanger and to said bypass flow path.

10.  The thermal energy management system of claim 1 wherein said
solenoid controlled bypass valve has a pulse width modulated solenoid actuator to

throttle the flow delivered to said heat exchanger and said bypass flow path.

11. A thermal energy management system for an automotive vehicle
having a liquid fluid cooled engine torsionally coupled to an oil lubricated
transmission, said thermal energy management system comprising:

an engine coolant system;

a transmission oil outlet for said transmission;

a transmission oll inlet for said transmission;

a heat exchanger fluidly connected with said engine coolant system, said
heat exchanger having an oil inlet for fluid communication with said transmission
oil outlet and an oil outlet for fluid communication with said transmission olil inlet for
exchanging thermal energy between engine coolant and transmission oil;

an air cooled radiator fluidly connected with said heat exchanger;

a radiator bypass line fluidly connected with said heat exchanger,;

a radiator bypass valve fluidly connected with said engine, said radiator and
said radiator bypass line for diverting engine coolant to said radiator or to said
radiator bypass line;

a solenoid controlled bypass valve juxtaposed between said transmission
and said heat exchanger having a first inlet directly connected with said
transmission oil outlet and a first outlet directly connected with said heat exchanger
oil inlet, said solenoid controlled bypass valve having a second inlet directly
connected with said heat exchanger oil outlet and a second outlet directly
connected with said transmission oil inlet, and said solenoid controlled bypass
valve having a bypass flow path connecting said first inlet with said second outlet,

said solenoid controlled bypass valve having at least a first position allowing
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thermal energy exchange between the transmission oil and said coolant system
and said solenoid controlled bypass valve having a second position fluidly
connecting said bypass valve first transmission oil inlet with said bypass flow path
thereby thermally isolating said transmission oil from said engine coolant and
wherein a solenoid actuator for said solenoid controlled bypass valve when non-
energized places said solenoid controlled bypass valve in said first position; and

a controller for selecting the position of said solenoid controlled bypass valve
and said radiator bypass valve, said controller being cognizant of temperatures of
the transmission oil and the engine coolant to allow thermal energy exchange
between the transmission oil and the coolant or to thermally isolate the transmission

oil from the engine coolant.

12. Athermal energy management system for an automotive vehicle having
a liquid fluid cooled engine torsionally coupled to an oil lubricated transmission,
said thermal energy management system comprising:

an engine coolant system;

a transmission oil outlet for said transmission;

a transmission oll inlet for said transmission;

a heat exchanger fluidly connected with said engine coolant system, said
heat exchanger having an oil inlet for fluid communication with said transmission
oil outlet and an oil outlet for fluid communication with said transmission oil inlet for
exchanging thermal energy between engine coolant and transmission oil;

an air cooled radiator fluidly connected with said heat exchanger;

a radiator bypass line fluidly connected with said heat exchanger,;

a radiator bypass valve fluidly connected with said engine, said radiator and
said radiator bypass line for diverting engine coolant to said radiator or to said
radiator bypass line;

a solenoid controlled bypass valve juxtaposed between said transmission
and said heat exchanger having a first inlet directly connected with said
transmission oil outlet and a first outlet directly connected with said heat exchanger
oil inlet, said solenoid controlled bypass valve having a second inlet directly
connected with said heat exchanger oil outlet and a second outlet directly
connected with said transmission oil inlet, and said solenoid controlled bypass

valve having a bypass flow path connecting said first inlet with said second outlet,
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said solenoid controlled bypass valve having at least a first position allowing
thermal energy exchange between the transmission oil and said coolant system
and said solenoid controlled bypass valve having a second position fluidly
connecting said bypass valve first transmission oil inlet with said bypass flow path
thereby thermally isolating said transmission oil from said engine coolant and
wherein a solenoid actuator for said solenoid controlled bypass valve when non-
energized places said solenoid controlled bypass valve in said first position; and

a controller for selecting the position of said solenoid controlled bypass valve
and said radiator bypass valve, said controller being cognizant of temperatures of
the transmission oil and the coolant to allow thermal energy exchange between the
transmission oil and the coolant or to thermally isolate the transmission oil from the
coolant, wherein when the vehicle transmission oil is cooler than desired, and the
engine coolant is hotter than the transmission oil, said controller causes said
radiator bypass valve to connect the engine coolant with said radiator bypass and
to cause said solenoid controlled bypass valve to allow thermal energy exchange
between the transmission oil and the engine coolant and when the engine coolant
is cooler than desired, and the engine coolant is cooler than the transmission oll,
said controller causes said radiator bypass valve to connect coolant with said
radiator bypass and to cause said solenoid controlled bypass valve to allow thermal

exchange between the transmission oil and the engine coolant.
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