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(54) Engine oil cooling

(57) A method and system for controlling the warm-
ing and cooling of lubrication oil for an internal combus-
tion engine (11), in which the engine coolant and engine
oil are separately circulated through a mutual heat ex-
changer (16), and the mutual exchange of heat between

the oil and coolant is controlled by means of a control
valve (18) operable to control the flow of the coolant
through the heat exchanger (16) in accordance with
their respective temperatures in relation to predeter-
mined set temperatures.
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Description

Field

[0001] This invention relates to a method and system
for cooling of lubrication oil in internal combustion en-
gines and in particular to the cooling or heating of Diesel
engine lubrication systems of motor vehicles.

Background of the Invention

[0002] In order to improve the environment, it is highly
desirable to reduce the emissions from Diesel engines
and large efforts are being expended to improve fuel
economy and reduce particulate and gaseous emis-
sions. Modern Diesel engines for light commercial vehi-
cles and passenger cars are typically provided with tur-
bochargers, and may also be provided with intercoolers.
The heat produced by these engines is such that the
lubrication oil needs to be cooled to prevent degradation
and consequent engine wear, and the oil is therefore
passed through a heat exchanger which may in turn be
cooled by air flow or by the engine coolant. The present
systems cool the oil continuously and therefore the oil
is overcooled in all but relatively high load hot climatic
temperature conditions.
[0003] That portion of the fuel consumption of an en-
gine due to friction within the engine is influenced by the
oil temperature (due to viscosity reducing with increas-
ing temperature) and therefore there are conflicting re-
quirements between the improvement of fuel consump-
tion and the cooling of the lubrication oil.
[0004] HC and CO emissions are particularly high at
engine start-up and the catalytic converter will be inop-
erative because the catalyst temperature will be below
its light-off temperature.
[0005] The present invention provides a simple way
to improve both fuel consumption and engine emissions
by the control of engine oil temperature and rate of rise
of coolant temperature from cold.

Statements of Invention

[0006] According to a first aspect of the present inven-
tion there is provided a method of controlling the warm-
ing and cooling of lubrication oil for an internal combus-
tion engine in which method the engine coolant and en-
gine oil are separately circulated through a mutual heat
exchanger, characterised in that the mutual exchange
of heat between the oil and coolant is controlled by con-
trolling the flow of at least one of the oil and coolant
through the heat exchanger in accordance with their re-
spective temperatures in relation to predetermined set
temperatures.
[0007] Preferably only the flow of engine coolant
through the heat exchanger is controlled in accordance
with said relative temperatures.
[0008] There is little or no flow of coolant through the

heat exchanger when the coolant temperature and oil
temperature are below a predetermined first tempera-
ture, typically 60°C. This allows the coolant to warm up
as fast as possible without transferring heat to the oil
and leads to a faster cylinder bore and head warm up
and reduced levels of CO and HC emissions.
[0009] Preferably when either of the oil or coolant tem-
peratures exceeds said first temperature there is full
flow of coolant provided that either one of the coolant
temperature and oil temperature is less than a prede-
termined second temperature, typically 84°C, and the
oil temperature is less than the coolant temperature.
Thus the hot coolant is used to heat the oil until the oil
and engine are at substantially the same temperature.
This will help reduce friction and improve fuel economy.
Once oil and coolant are close to the second tempera-
ture, typically just below the thermostat initial opening
temperature, i.e. 84 °C, the oil temperature is normally
held back by the coolant. To allow the oil temperature to
rise above the coolant temperature then no coolant flow
is allowed until the oil temperature is in the desired oil
operating range, typically 110-125° C.
[0010] If the oil is in the desired operating range, mod-
ulated flow is preferably used to maintain the oil temper-
ature within the desired range.
[0011] Preferably, when either of the oil or coolant
temperatures exceeds said first temperature and pro-
vided that one of the oil temperature and coolant tem-
perature is greater than the other of said temperatures
then the flow of coolant is controlled in accordance with
the relative value of oil temperature relative to further
preset higher temperature values, typically 110°C and
125°C. Preferably, the coolant temperature is less than
the predetermined second temperature and the oil tem-
perature is greater than the coolant temperature and, in
some cases, the coolant temperature is higher than a
predetermined second temperature and the oil temper-
ature is greater than the coolant temperature.
[0012] The differences between the preset values of
oil temperature and actual oil temperature determine the
degree of modulation of the coolant flow.
[0013] The oil cooling/heating system is operable only
when the vehicle ignition key is switched on and more
preferably only when the vehicle engine is running:
[0014] According to a second aspect of the present
invention there is provided an engine oil heating/cooling
system for an internal combustion engine having an en-
gine cooling system with a coolant pump circulating liq-
uid coolant through cooling system, the oil heating/cool-
ing system comprising a heat exchanger connected to
the engine lubrication system for the flow through of en-
gine oil and also being connected to the engine cooling
system for the flow through of engine coolant, a control
valve controlling the flow of coolant through the heat ex-
changer and a controller operating the valve and being
connected to an oil temperature sensor and a cylinder
head metal temperature sensor, the controller operating
the valve in response to signals received from the two

1 2



EP 1 411 215 A1

3

5

10

15

20

25

30

35

40

45

50

55

sensors.
[0015] Preferably, the control valve is located be-
tween the pump outlet and the heat exchanger, in which
case the coolant inlet for the heat exchanger may be
connected to the coolant pump outlet so that coolant
flows from the coolant pump to the heat exchanger and
the coolant outlet for the heat exchanger is connected
to the coolant pump inlet so that coolant returns back to
the pump inlet or alternatively to the engine outlet (en-
gine side of the thermostat).
[0016] The control valve may be a vacuum operated
valve and is preferably an electrically operated valve op-
erated by a pulse width modulated signal. The valve is
preferably a fail open valve.

Description of the Drawings

[0017] The invention will be described by way of ex-
ample and with reference to the accompanying draw-
ings in which:

Fig. 1 is a schematic drawing of an internal combus-
tion engine having an engine oil cooling sys-
tem according to the present invention,

Fig. 2 is a schematic drawing of a heat exchanger
used in the system shown in Fig.1, and

Fig. 3 is a flow chart showing the operation of the
controller for the coolant flow valve used in the
system shown in Fig.1.

Detailed Description of the Invention

[0018] With reference to Fig.1 there is shown a motor
vehicle internal combustion engine 11, preferably a Die-
sel engine, having a cooling jacket through which a liq-
uid coolant (typically a glycol/water mix) is pumped. The
engine cooling system includes a pump 12 mounted ex-
ternally of the engine and which may be driven electri-
cally or mechanically. The coolant enters the pump 12
from a radiator 13 via conduit 21 and is pumped through
outlet 12B into the engine cooling jacket and then exits
the engine via a thermostatically regulated valve or
valves 14. The heated coolant is then returned to the
radiator 13 via conduit 22 for cooling, and some portion
of the heated coolant may be diverted via conduit 23 to
a cabin or passenger compartment heater matrix 15.
The heater matrix 15 is connected via conduit 24 and
conduit 21 to the pump 12 for the circulation of coolant
back through the engine 11.
[0019] Referring also to Fig.2, an oil heat exchanger
16 is mounted externally of the engine and hot lubrica-
tion oil is pumped from the engine 11 into the heat ex-
changer and then cooled oil returned to the engine via
conduits 25 & 26 respectively. The engine coolant pump
outlet 12B is also connected to the heating/cooling sys-
tem of the heat exchanger 16 via a conduit 27 and the
coolant returned to the engine via conduit 28 which in
turn is connected into conduit 24. The heat exchanger

may be any suitable type of exchanger. In the present
example a shell and tube exchanger is shown in Fig. 2.
[0020] The coolant is also fed from the hot side of the
thermostatic valve 14 through the radiator 13 and back
to the coolant pump inlet.
[0021] The volume flow of coolant direct to the heat
exchanger 16 is controlled by a control valve 18. The
control valve 18 may be operated by vacuum or electri-
cally through a programmable electrical controller 19
which may be a part of the engine control unit and the
valve should fail in an open condition. The controller 19
monitors engine conditions through a number of sen-
sors, for example an oil temperature sensor 31 and a
cylinder head metal temperature sensor 32. Other use-
ful sensors may include an engine speed sensor, a ve-
hicle speed sensor, an engine load or torque demand
sensor, an ambient temperature sensor and a coolant
temperature sensor.
[0022] The valve 18 regulates the coolant flow
through the heat exchanger 16 in accordance with re-
quirements that are pre-programmed into the controller
19. The valve 18 may be controlled by a pulse width
modulated signal which controls the valve open posi-
tion. The frequency of the control signal may be the or-
der of 2 pulses /min due to oil temperature changes oc-
curring slowly and the valve should go from the fully
open to the fully closed conditions over several seconds
in order to avoid water hammer. The separate control of
the engine coolant through the oil heat exchanger 16
allows for good control without significantly affecting
other components of the engine cooling circuit.
[0023] The controller 19 operates the valve 18 such
that the valve is open when the vehicle ignition is
switched off, or when the ignition is on but the engine is
stationary. The controller 19 operates according to a
general control strategy and in particular:

a) No coolant flow (valve 18 closed) until coolant
temperature or cylinder head metal temperature
reached a predetermined temperature, typically
within the range 50-65° C. This temperature should
be below the thermostat opening temperature.
b) Coolant flows through the exchanger 16 (valve
18 open) until the oil temperature reaches the cool-
ant temperature.
c) The valve 18 closes until the oil temperature
reaches the optimum temperature band (110-125°
C) for fuel economy, engine wear and durability.
d) The oil cooling operation comes into effect once
the oil temperature reaches the upper end of the
optimum band and may comprise an on/off cooling
cycle or a low coolant flow /high coolant flow cooling
cycle with a built in hysteresis using oil temperature
feedback. A more complicated system utilises pulse
width modulated signals to operate the valve 18 at
different states of closure to keep the oil at a fixed
temperature. Preferably the oil temperature should
be maintained within a small optimum temperature
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window.
e) If the oil temperature exceeds a predetermined
limit then the valve 18 is fully open to maximise cool-
ing of the oil.

[0024] Fig.3 is a flow chart of a suitable control strat-
egy that is programmed into the controller 19. The con-
troller 19 is sensing the oil temperature and coolant tem-
peratures with the engine coolant thermostat opening at
T1, e.g. 88° C.
[0025] From a cold engine start up, step 1 determines
if the coolant temperature is less than T2, e.g. 60° C. If
yes, then step 2 determines if the oil temp is less than
T2. If yes, step 3 determines that the valve 18 remains
closed, i.e. no coolant flow across the exchanger. If at
step 2 the oil temp is greater that T2 then the step 4
determines that the valve 18 is fully opened allowing the
oil to heat the coolant. This helps increase the coolant
temperature to reduce CO and HC emissions due to hot-
ter combustion chamber temperatures..
[0026] If the engine is warm and at step 1 the coolant
temperature is greater than T2, then step 5 determines
if the oil temp is also less than T2 and if so step 6 de-
termines the valve 18 is fully open allowing the coolant
to heat the oil. If at step 5 the oil temperature is greater
than T2, then step 7 determines if the coolant tempera-
ture is below T3, e.g. 84°C, that is just below the engine
thermostat opening temperature T. If the coolant tem-
perature is below T3 (in this example that is between
60-84°), step 8 determines if the oil temperature is less
than the coolant temperature and, if so, step 9 deter-
mines that the valve 18 is opened for full flow so that the
coolant heats the oil. If the oil temperature at step 8 is
greater than T3 then step 10 determines if the oil tem-
perature is less than T4, e.g. 110°C. When the oil tem-
perature is less than T4, step 11 determines the valve
18 remains closed allowing the oil temperature to rise
to the optimum operating band. When the oil tempera-
ture at step 10 is above T4 then step 12 determines if
the oil temperature is less than T5 e.g. 125° and if so
step 13 causes the position of valve 18 to be modulated
to keep the oil temperature at a set temperature T6 e.g.
about 118°. When the oil temperature at step 12 is
above T5 then step 14 determines the valve 18 is fully
open to cool the oil to the desired operating temperature.
The steps 5-14 are operating within an engine coolant
temperature range of 60-84°C to reduce CO2 and NOX
formation and increase fuel efficiency.
[0027] When step 7 determines that the coolant tem-
perature is above T3, then step 15 determines if the oil
temperature is below T3. If the oil temperature is below
then step 16 opens the valve 18 to transfer heat from
coolant to the oil. When step 15 determines the oil tem-
perature is above T3, then step 17 determines if the oil
temperature is less than T4. When the oil temperature
at step 17 is below T4 then step 18 determines if the oil
temperature is less than the coolant temperature. If the
oil temperature at step 18 is less than the coolant tem-

perature then step 19 determines that the valve 18 is
fully open so that the coolant heats the oil and if the oil
temperature is above the coolant temperature then step
20 closes the valve 18 preventing the oil from being over
cooled and/or allowing the oil temperature to rise to T6.
If at step 17 the oil temperature is above T4 then step
21 determines if the oil temperature is less than T5. If
the oil temperature is below T5 then step 22 modulates
the valve 18 to maintain an oil temperature of T6 and if
the oil temperature is above T5 then step 23 causes the
valve 18 to fully open to cause the coolant flow to reduce
the oil temperature towards T6. The steps 15-23 are op-
erating with a coolant temperature above T3 to limit CO2
and NOX emissions.
[0028] Maintaining an oil temperature in the range
110-125°C helps prolong oil life, improves wear charac-
teristics and prevents emulsions forming in the oil due
to water vapour present in the blow-by gases.

Claims

1. A method of controlling the warming and cooling of
lubrication oil for an internal combustion engine (11)
in which method the engine coolant and engine oil
are separately circulated through a mutual heat ex-
changer (16), characterised in that the mutual ex-
change of heat between the oil and coolant is con-
trolled by controlling the flow of at least one of the
oil and coolant through the heat exchanger (16) in
accordance with their respective temperatures in
relation to predetermined set temperatures.

2. A method as claimed in Claim 1 in which the flow of
engine coolant through the heat exchanger (16) is
controlled in accordance with said relative temper-
atures.

3. A method as claimed in Claim 2 wherein there is no
flow of coolant when the coolant temperature and
oil temperature are below a predetermined first tem-
perature.

4. A method as claimed in Claim 3 wherein if either of
the oil or coolant temperatures exceeds said first
temperature there is full flow of coolant provided
that either one of the coolant temperature and oil
temperature is less than a predetermined second
temperature and the oil temperature is less than the
coolant temperature.

5. A method as claimed in Claim 3 or Claim 4, wherein
if either of the oil or coolant temperatures exceeds
said first temperature and provided that one of the
oil temperature and coolant temperature is greater
than the other of said temperatures then the flow of
coolant is controlled in accordance with the relative
value of oil temperature relative to further preset
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higher temperature values.

6. A method as claimed in Claim 5 in which the coolant
temperature is less than a predetermined second
temperature which is higher than said first temper-
ature and the oil temperature is greater than the
coolant temperature,

7. A method as claimed in Claim 5 or Claim 6 in which
the coolant temperature is higher than a predeter-
mined second temperature which is higher that said
first temperature and the oil temperature is greater
than the coolant temperature.

8. A method as claimed in Claim 6 or Claim 7 wherein
the preset values determine the degree of modula-
tion of the coolant flow.

9. A method as claimed in any one of Claims 1 to 8
and which is operable only when the vehicle ignition
key is switched on.

10. A method as claimed in Claim 9 and which is oper-
able only when the vehicle engine is running.

11. An engine oil heating/cooling system for an internal
combustion engine (11) having an engine cooling
system with a coolant pump (12) circulating liquid
coolant through cooling system, the oil heating/
cooling system comprising a heat exchanger (16)
connected to the engine lubrication system for the
flow through of engine oil and also being connected
to the engine cooling system for the flow through of
engine coolant, a control valve (18) to control the
flow of coolant through the heat exchanger (16) and
a controller (19) operating the valve (18), charac-
terised in that the controller (19) is connected to
an oil temperature sensor (31) and a cylinder head
metal temperature sensor (32), the controller (19)
operating the valve (18) in response to signals re-
ceived from the two sensors.

12. A system as claimed in Claim 11, wherein the con-
trol valve (18) is located between the pump outlet
(12B) and the heat exchanger (16).

13. A system as claimed in Claim 11 wherein the cool-
ant inlet for the heat exchanger (16) is connected
to the coolant pump outlet (12B) and the coolant
outlet for the heat exchanger (16) is connected to
the coolant pump inlet.

14. A system as claimed in any one of Claims 11 to 13,
wherein the valve (18) is an electrically operated
valve operated by a pulse width modulated signal.

15. A system as claimed in any one of Claims 11 to 14,
wherein the valve (18) is a fail open valve.

16. An internal combustion engine (11) for a motor ve-
hicle and which comprises an engine cooling sys-
tem with a coolant pump (12) circulating liquid cool-
ant through cooling system, and an engine oil cool-
ing/heating system as claimed in any one of Claims
11 to 15.
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