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(54) Total cooling assembly for a vehicle having an internal combustion engine

(57) A total cooling assembly (10) adapted for
installation in an engine compartment of an I.C. engine
vehicle. The assembly (10) includes a heat exchanger
module (18) to transfer heat from fluid coolant to air
entering the air flow path and having front and rear
faces such that air can pass in heat exchange relation
across the heat exchanger module (18) to absorb heat
from fluid coolant flowing through the heat exchanger
module (18). The heat exchanger module (18) includes
an inlet (26) and an outlet (30). A cooling fan module
(12) carries the heat exchanger module (18) and
includes a fan and an electric fan motor (48) for drawing
air across the heat exchanger module (18) from the
front face to the rear face of the heat exchanger module.
Pump structure (14) is carried by the cooling fan module
(12) to circulate fluid coolant. The pump structure (14)
has at least one pump and an electric motor (P1,P2)
driving the pump. A cooling circuit is provided in which
fluid coolant is circulated by the action of the pump
structure (14). The cooling circuit permits the fluid cool-
ant to move from the pump structure (14) to the engine.
An outlet of the engine is constructed and arranged to
communicate fluid coolant with the inlet to the heat
exchanger module (18). The outlet of the heat
exchanger module (18) is fluidly connected with an inlet
to the pump structure (14) to return the fluid coolant to
the pump structure (14). The cooling circuit includes
bypass structure (43) constructed and arranged to flu-
idly connect an outlet of the engine with an inlet to the
pump structure (14). Valve structure (74) is provided in
the cooling circuit to regulate flow therethrough. A con-

troller controls operation of the at least one electric
motor of the pump structure (14), the electric fan motor,
and the valve structure (74). During a warm-up operat-
ing condition of the engine, the bypass structure permits
fluid coolant to flow from the outlet of the engine to the
inlet of the pump structure (14) while substantially pre-
venting fluid coolant to flow through the heat exchanger
module (18).
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Description

[0001] This application claims the benefit of U. S. Provisional Application No. 60/051,247, filed June 30, 1997.

Field of the Invention

[0002] This invention relates to a cooling assembly and more particularly to a total cooling system that includes vari-
ous pump and valve configurations to provide efficient fluid circulation and heat rejection in a engine compartment of
an internal combustion engine of a vehicle.

Background of the Invention

[0003] An internal combustion engine requires heat rejection generally either by air or liquid. In conventional vehicles,
liquid cooled engines are most common. Liquid engine cooling is accomplished by a engine-driven coolant pump (com-
monly referred to as a water pump) mounted on the engine block and operated directly by the engine. The pump forces
coolant through passages in the engine, where the coolant absorbs engine heat, then the coolant passes through a
radiator where heat is rejected, and finally coolant is returned to the pump inlet to complete the fluid circuit. A fan, driven
either directly from the engine or by an electric motor, is used in may cases to draw ambient air across the radiator so
that heat is rejected at the radiator by transferring heat from the coolant to the ambient air, thus cooling the engine.
[0004] A conventional thermostat controls the flow of pumped coolant through the radiator in relation to coolant tem-
perature. The thermostat controls flow through the radiator until the coolant reaches a sufficiently hot temperature to
cause the thermostat to allow flow through the radiator such that the radiator may effectively limit engine temperature.
In this way, the thermostat performs a form of coolant temperature regulation that establishes a desired operating tem-
perature for the engine once the engine has fully warmed up while inherently allowing the coolant to heat more rapidly
when the engine is started from a cooler condition.
[0005] Although the above described cooling system is effective in operation, to improve fuel economy, it is preferable
to operate the cooling fan and water pump motor based on cooling requirements, rather than on the r.p.m. of the engine.
[0006] A need exists to provide a total cooling system incorporating at least one electric coolant pump-motor and in
electric fan motor which operate independent of engine r.p.m. and wherein cooling is optimized based on current draw
of the coolant pump-motor.

Summary of the Invention

[0007] An object of the invention is to fulfill the need referred to above. In accordance with the principles of the present
invention, this objective is obtained by providing a total cooling assembly adapted for installation in an engine compart-
ment of an automotive vehicle and defining an air flow path. The vehicle has in internal combustion engine. The assem-
bly includes a heat exchanger module constructed and arranged to transfer heat from fluid coolant to air entering the
air flow path and having front and rear faces such that air can pass in heat exchange relation across the heat exchanger
module to absorb heat from fluid coolant flowing through the heat exchanger module. The heat exchanger module
includes an inlet and an outlet. A cooling fan module carries the heat exchanger module and includes a fan and an elec-
tric fan motor for drawing air across the heat exchanger module from the front face to the rear face of the heat
exchanger module. Pump structure is carried by the cooling fan module to circulate fluid coolant. The pump structure
has at least one pump and an electric motor driving the pump. A cooling circuit is provided in which fluid coolant is cir-
culated by the action of the pump structure. The cooling circuit permits the fluid coolant to move from the pump structure
to the engine. An outlet of the engine is constructed and arranged to communicate fluid coolant with the inlet to the heat
exchanger module. The outlet of the heat exchanger module is fluidly connected with an inlet to the pump structure to
return the fluid coolant to the pump structure. The cooling circuit includes bypass structure constructed and arranged
to fluidly connect an outlet of the engine with an inlet to the pump structure. Valve structure is provided in the cooling
circuit to regulate flow therethrough. A controller controls operation of the at least one electric motor of the pump struc-
ture, the electric fan motor, and the valve structure. During a warm-up operating condition of the engine, the bypass
structure permits fluid coolant to flow from the outlet of the engine to the inlet of the pump structure while substantially
preventing fluid coolant to flow through the heat exchanger module.
[0008] Other objects, features and characteristics of the present invention, as well as methods of operation and func-
tions of related elements of the structure, and the combination of the parts and economics of manufacture, will become
more apparent upon consideration of the detailed description and appended claims with reference to the accompanying
drawings, all of which form a part of the specification.
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Brief Description of the Drawings

[0009]

FIG. 1 is an exploded perspective view of a first exemplary embodiment of a total cooling assembly provided in
accordance with the principles of the present invention;

FIG. 2 is a schematic fluid circuit of the total cooling assembly of FIG. 1;

FIG. 3 is a schematic fluid circuit of a second embodiment of a total cooling assembly of the invention; and

FIG. 4 is yet another embodiment of a fluid circuit of a total cooling assembly of the invention.

Detailed Description of the Preferred Embodiments

[0010] With reference to FIG. 1 a total engine cooling assembly, generally indicated 10, for an internal combustion
engine is shown, provided in accordance with the principles of the present invention. The internal combustion engine is
schematically illustrated and designated by the letter E. In an exploded perspective view from the upper left rear, the
cooling assembly 10 comprises a cooling fan module, generally indicated at 12, an electric coolant pump structure, gen-
erally indicated at 14, an electronic systems control module 16, and a heat exchanger module, generally indicated at
18. As shown in FIG. 1, the pump structure 14 and the electronic systems control module 16 are carried by the cooling
fan module 12. In addition, when assembled for employment in a front engine compartment of an automotive vehicle
powered by the engine E, the heat exchanger module 18 is joined with the cooling fan module 12 by suitable joining
means, such as fasteners, to form the total cooling assembly 10.
[0011] The heat exchanger module 18 comprises a radiator 20 and, when air conditioning is provided, an air condi-
tioning condenser 22 is disposed adjacent to the radiator 20. Radiator 20 is conventional, comprising right and left side
inlet header tabs 24R and 24L, and a core 25 disposed between the two header tab 24R, 24L. The right side header
tank 24R is an inlet tank and includes an inlet tube 26 at an upper end thereof. The inlet tube 26 is fluidly coupled with
a T-type connector 28 of the pump structure 14, the function of which will become apparent below. The left side header
tank 24L is an outlet tank and includes an outlet tube 30 near lower end thereof which is fluidly connected to an inlet
(not shown) of the pump structure 14.
[0012] In the embodiment of FIG. 1, the pump structure 14 comprises first and second pump-motors P1 and P2,
respectively, each having a pump being driven by an associated electric motor. Pump-motor P2 has an inlet 29 (FIG. 2)
fluidly connected to the outlet tube 30 of the heat exchanger module 18. The pump-motor P2 is fluidly connected to
pump-motor P1 and pump-motor P1 includes an outlet 40 fluidly coupled with the internal combustion engine E at inlet
62, and fluidly connected to a heater core 44. In accordance with the principles of the present invention, bypass struc-
ture, generally indicated at 43, is provided which includes a hose 45 coupled to a return inlet 47 of the pump-motor P1,
and the T-type connector 28. Valve structure 74 is provided in the bypass structure for controlling flow therethrough. As
noted above, inlet 26 of the radiator 20 is fluidly connected to one end of the T-type connector 28. The other end of the
T-type connector 28 is fluidly coupled to the engine E, the function of which will be explained below.
[0013] The cooling fan module 12 comprises a panel structure 32 having a size corresponding generally to the size
of the heat exchanger module 18. The pump structure 14 and the electronic systems control module 16 are coupled to
the panel structure 32. In the illustrated embodiment, an axial flow fan structure is provided and comprises a fan 46 and
an electric motor 48 coupled to the fan 46 to operate the fan 46. Fan 46 is disposed concentrically with a surrounding
circular-walled through opening 50 in the panel structure 32. An expansion tank 52 is mounted on the cooling fan mod-
ule 12 to receive, from connector 33 of the right header tank and via tube 35, coolant during certain operating condi-
tions.
[0014] Radiator 20 and condenser 22 each define a heat exchanger serving to reject heat to ambient air. Engine cool-
ant, in the case of the engine cooling system, and refrigerant, in the case of the air conditioning system, flow through
passageways and their respective heat exchangers while ambient air flows across the passageways from the front face
to the rear face of the heat exchanger module 18, in a direction of arrows A in FIG. 1. The air passes successively
through the condenser 22 and the radiator 20. Each heat exchanger (condenser 22 and radiator 20) typically is con-
structed with fins, corrugations, or other means to increase the effective heat transfer surface area of the passageways
for increasing heat transfer efficiency. The flow of ambient air across the heat exchanger module 18 forms a effluent
stream, with such flow being caused either by the operation of the fan 46 by motor 48 to draw air across the heat
exchanger module 18 or by a ram air effect when the vehicle is in forward motion, or a combination of both.
[0015] The electronic systems control module 16 receives electric power from the vehicle electrical system and also
various signals from various sources. Module 16 comprises electronic control circuitry that acts upon the signals to con-
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trol the operation of electric motors of the pump-motors P1 and P2, fan motor 48 and to control the operation of the
valve structure 74 and heater valve 68. Since control module 16 operates the fan 46 and pump structure 14 at speeds
based on cooling requirements rather than engine r.p.m., engine power is used more efficiently and thus, fuel economy
is improved. Examples of other signal sources controlled by the control module 16 include temperature and/or pressure
sensors located at predetermined locations in the respective cooling and air conditioning systems, and/or data from an
engine management computer, and/or data from an electronic data bus of the vehicle's electrical system. The control
module 16 includes a controller or microprocessor which processes signals and/or data from the various sources to
operate the pump-motors and fan such that the temperature of coolant, in the case of the engine cooling system, and
the pressure of refrigerant, in the case of the air conditioning system, are regulated to the desired temperature and
pressures, respectively.

[0016] FIG. 2 is a schematic illustration of the total cooling system 10 of FIG. 1. As shown the pump structure 14 com-
prises the two pump-motors, P1 and P2. An outlet 40 of the pump of the pump-motor P1 fluidly communicates with an
inlet 62 of the engine E. In addition, a outlet 40 of the pump of pump-motor P1 communicates with an inlet 64 of the
heater core 44. An outlet 66 of heater core 44 is in communication with a heater valve 68 which communicates via con-
necting line 70 with fluid exiting the engine via flow path 72. Connecting line 70 is in fluid communication with the bypass
structure 43. The T-type connector 28 permits coolant to flow through to the radiator inlet 26 and also to valve 74 dis-
posed in the bypass structure 43 and return to the pump-motor P1. Valve 74 is preferably a two-way variable flow control
valve movable between open and closed positions at any point in between so as to open or close the bypass structure
43. The outlet 30 of the radiator 20 is directed to the second pump-motor P2 and the second pump-motor P2 is in fluid
communication with the pump of pump-motor P1. The pump-motors P1 and P2 are conventional and are provided so
that a single high power pump-motor generally of higher cost need not be provided. Further, flow of coolant can be con-
trolled easier with two smaller pump-motors than with one large pump-motor.
[0017] Another advantage of employing the two-pump-motors P1 and P2 of the embodiment of FIG. 2, is that the total
cooling assembly may include a built-in "limp-home" fail safe feature. Thus, in the two pump-motor design, if one pump-
motor fails, the other pump-motor will ensure that fluid may pass around the failed pump-motor via a pump bypass cir-
cuit having a pressure relief valve. The pressure relief valve will ensure that the coolant passes to the engine to protect
the engine. The controller of the control module 16 will have logic built-in to control this feature and to alert the driver of
the vehicle to bring the vehicle to a service center.
[0018] If the valve associated with the bypass structure fails, a default , closed valve condition is established such that
all coolant passes through the radiator circuit.
[0019] In a first option of the embodiment of FIG. 2, pump-motors P1 and P2 each has a two-speed brush motor.
Pump-motor P1 preferably operates at 300 W and 120W while pump-motor P2 preferably operates at 450 W and 150
W. In a second option, the pump-motors P1 and P2 each has a brushless motor, with pump-motor P1 operating at 300
W, while pump-motor P2 operates at 450 W. Finally, in a third option, pump-motor P1 has a two-speed brush motor
operating at 300 W and 120 W while pump-motor P2 has a brushless motor operating at 450 W.
[0020] TABLE 1 shows flow rates through the radiator 20, heater core 44 and bypass structure 46 at operating con-
ditions for option 1, wherein pump-motors P1 and P2 each have a two speed brush motor. As shown, at warm-up, valve
74 in the bypass structure 43 is open and generally no flow is permitted through the radiator 20 since flow is restricted
at pump-motor P2 which is not in operation. During operating conditions other than warm-up, both pump-motors P1 and
P2 are in operation. The current draw is shown in the table for each operating condition. It is noted that only 0.3 l/s is
required through the radiator 20 at idle and at 70 Kph for heat balance, but the low speed of the pump motors forces 2.0
l/s.
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[0021] TABLE 2 shows flow rates through the radiator 20, heater core 44 and bypass structure 46 at operating con-
ditions for option 2, wherein pump-motors P1 and P2 each have a brushless motor. Again, at warm-up, valve 74 in the
bypass structure 43 is open and generally no flow is permitted through the radiator 20 since flow is restricted at pump-
motor P2 which is not in operation. During operating conditions other than warm-up, both pump-motors P1 and P2 are
in operation. The current draw is shown in the table for each operating condition.

[0022] TABLE 3 shows flow rates through the radiator 20, heater core 44 and bypass structure 46 at operating con-
ditions for option 3, wherein pump-motor P1 has a two-speed brush motor and pump-motor P2 has a brushless motor.
At warm-up, valve 74 in the bypass structure 43 is open and generally no flow is permitted through the radiator 20 since
flow is restricted at pump-motor P2 which is not in operation. During operating conditions other than warm-up, both
pump-motors P1 and P2 are in operation.
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[0023] FIG. 3 is a schematic illustration of another embodiment of the total cooling system 10'of the invention. As
shown, pump outlet 40 fluidly communicates with an inlet to the engine E and outlet 78 of the engine E communicates
via a line 80 with the inlet 26 of the radiator 20. Outlet 78 also communicates with the bypass structure 43. Coolant flow
through the bypass structure 43 is controlled by a three-way variable flow control valve 82. An outlet 30 of the radiator
20 communicates with the three-way valve 82 which in turn communicates with the inlet of the pump-motor P1. A heater
core 44 communicates with an inlet 84 of the pump-motor P1 via line 86 and a heater valve 68 is disposed between the
heater core and the engine E. In this embodiment, the pump-motor P1 preferably has a brushless motor which operates
generally at 760 W. FIG. 3 represents a 36 volt system.
[0024] TABLE 4 shows flow rates through the radiator 20, heater core 44 and bypass structure 46 at operating con-
ditions for the embodiment of FIG. 3, wherein the pump-motor P1 has a brushless motor and a three-way valve 82 is
employed in the fluid circuit. As shown, at warm-up, the three- way valve 82 permits flow from the bypass to the pump-
motor P1, but prevents flow through the radiator 20. Note that the current draw is much less than the two pump-motor
embodiments in TABLES 1-3 since only one motor is need.

[0025] FIG. 4 is a schematic illustration of another embodiment of a total cooling system 10''of the invention. As
shown, an outlet 40 of pump-motor P1 is in fluid communication with an inlet to engine E. In addition, an outlet of the
pump of the pump-motor P1 is in fluid communication with the inlet 26 of radiator 20. A two-way variable flow control
valve 88 is disposed between the pump-motor P1 and the radiator 20. An outlet of the engine E is fluidly connected to
the bypass structure 43 via line 90, which is also connected to the outlet 30 of the radiator 20. As shown, the bypass
structure 43 communicates with the pump-motor P1. Further, an outlet of the pump-motor P1 is in fluid communication
with an inlet to the heater core 44. A heater valve 68 is disposed downstream of the heater core 44 and the outlet of the
heater core 44 communicates with the pump-motor P1. Pump-motor P1 preferably has a brushless motor which oper-
ates at 640 W. FIG. 4 represents a 36 volt system.
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[0026] TABLE 5 shows flow rates through the radiator 20, heater core 44 and bypass structure 46 at operating con-
ditions for the embodiment of FIG. 4, wherein the pump-motor P1 has a brushless motor and a two-way valve 88 is pro-
vided in the fluid circuit. Again, at warm-up, valve 88 is closed such that no flow is permitted though the radiator.

[0027] For each embodiment as represented by TABLES 1-5, it is assumed that the pump of the pump structure 14
is approximately 60% efficient, and the motor which operates the pump of the pump structure 14 is approximately 68 %
efficient.
[0028] It can be appreciated that in the one pump-motor design, in the case of pump or motor failure, no coolant will
be circulating and there is no "limp-home" feature. However, to protect the engine, the controller of control module 16
will alert the driver to shut-off the engine immediately to prevent permanent engine damage.
[0029] Motors of the pump-motors P1 and P2, and the motor 48 to operate the fan 46 are typically DC motors com-
patible with the typical DC vehicle electrical system. The electrical current flowing to each motor is controlled by respec-
tive switches, solid-state or electromechanical, which are operated by control module 16, and may be internal to that
module. FIG. 1 shows electric wiring 51 leading from control module 16 to the respective electric motors.
[0030] The total cooling system 10 is installed in vehicle by "dropping" it into the vehicle engine compartment and
securing it in place. Various connections are then made such as connecting the fluid hoses and connecting the module
16 with the vehicle electrical system and with various signal sources mentioned above.
[0031] It can be seen that the total cooling system of the invention provides cooling based on cooling requirements
and not based on engine r.p.m. Cooling is optimized based on the current draw of the coolant pump-motor selected.
[0032] While the presently preferred embodiments of the invention have been illustrated and described, it should be
appreciated that other constructions and embodiments may fall within the spirit and scope of the following claims.

Claims

1. A total cooling assembly adapted for installation in an engine compartment of an automotive vehicle and defining
an air flow path, the vehicle having an internal combustion engine, the assembly comprising:

a heat exchanger module constructed and arranged to transfer heat from fluid coolant to air entering the air
flow path and comprising front and rear faces such that air can pass in heat exchange relation across said heat
exchanger module to absorb heat from fluid coolant flowing through said heat exchanger module, said heat
exchanger module including an inlet and an outlet;

a cooling fan module carrying said heat exhanger module and comprising fan and an electric fan motor for
drawing air across said heat exchanger module from said front face to said rear face of said heat exchanger
module;

pump structure carried by said cooling fan module to circulate fluid coolant, said pump structure having at least
one pump and an electric motor driving said pump;

a cooling circuit in which fluid coolant is circulated by the action of said pump structure, said cooling circuit per-
mitting the fluid coolant to move from said pump structure to the engine, an outlet of said engine being con-
structed and arranged to communicate fluid coolant with the inlet to said heat exchanger module, the outlet of
said heat exchanger module being fluidly connected with an inlet to said pump structure to return the fluid cool-
ant to said pump structure, said cooling circuit including bypass structure fluidly constructed and arranged to

TABLE 5

Operating Condition Q (Kw) Circuit Flow (l/s)

Radiator Bypass Heater

Warm Up 0 Kph 0.0 0.5 0.0

Idle 0 Kph 8.0 0.3 0.5 0.0

70 Kph 25.0 1.0 0.5 0.0

Trailer + grade 90 Kph 35.0 2.0 0.5 0.0

A. Speed 240 Kph 50.0 2.5 0.0 0.0
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connect an outlet of the engine with an inlet to said pump structure;

valve structure in said cooling circuit to regulate flow therethrough such that during a warm-up operating con-
dition of the engine, said valve structure is controlled to permit fluid coolant flow from the outlet of the engine
through said bypass structure and to the inlet of the pump structure, while substantially preventing fluid coolant
to flow through said heat exchanger module; and

a controller to control operation of said at least one electric motor of said pump structure, said electric fan
motor, and said valve structure.

2. The assembly according to claim 1, further comprising a heater core and a valve associated with said heater core,
said heater core being constructed and arranged to receive the fluid coolant and to return the fluid coolant to said
pump structure.

3. The assembly according to claim 1, wherein said valve structure is a two-way variable flow control valve disposed
in bypass structure between a outlet of the engine and an inlet to said pump structure so as to control flow between
the outlet of the engine and said inlet to said pump structure.

4. The assembly according to claim 1, wherein said valve structure is a three-way variable flow control valve opera-
tively associated with said bypass structure to control flow between a outlet of the engine and an inlet of said pump
structure and between an outlet of said heat exhanger module and an inlet to said pump structure.

5. The assembly according to claim 1, wherein said valve structure is a two-way variable flow control valve disposed
between an outlet of said pump and an inlet to said heat exchanger module.

6. The assembly according to claim 3, wherein said pump structure comprises first and second pump-motors, said
first pump-motor being disposed upstream of said two position valve and downstream of an inlet to the engine, and
said second pump-motor being disposed upstream of an outlet of said heat exchanger module and downstream of
said first pump-motor.

7. The assembly according to claim 6, wherein a motor of each of said first and second pump-motors is a two-speed
brush motor.

8. The assembly according to clam 6, wherein a motor of each of said first and second pump-motors is a brushless
motor.

9. The assembly according to claim 6, wherein a motor of said first pump-motor is a brush motor and a motor of said
second pump-motor is a brushless motor.

10. The assembly according to claim 4, wherein said pump structure comprises a single pump-motor, a motor of said
pump-motor being a brushless motor.

11. The assembly according to claim 5, wherein said pump structure comprises a single pump-motor, a motor of said
pump-motor being a brushless motor.

12. The assembly according to claim 1, wherein said controller is an electronics control module carried by said cooling
fan module.

13. The assembly according to claim 1, wherein said heat exchanger module comprises a radiator and a condenser.

14. The assembly according to claim 1, wherein said cooling fan module includes panel structure, said panel structure
having an opening therethrough, said fan being mounted within said opening, said pump structure and said con-
troller being mounted on said panel structure.

15. The assembly according to claim 1, wherein if one of said pump-motors fails, said controller is constructed and
arranged to control operation of the other pump-motor to ensure that coolant is directed to the engine.
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