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(57)  Methods for thermally managing an internal
combustion engine (101, 401) during engine warm-up or
during warmed-up conditions of the engine, which inter-
nal combustion engine (101, 401) comprises an engine
block (101, 402) with a fluid coolant flow passage (104,
404) therein, a cylinder head (106, 406) secured to the
engine block 102, 402) and provided with a fluid coolant
flow passage (108, 408) therein, and a first fluid coolant
circuit (109, 409) comprising the fluid coolant flow pas-
sages (104, 108, 404, 408), the internal combustion en-
gine (101,401) being provided with a second fluid coolant
circuit (111) connected to the first fluid coolant circuit
(109, 409) and comprising a coolant pump (112) for pro-

A method for thermally managing an internal combustion engine

ducing coolant flow in the first fluid coolant circuit, tem-
perature sensing means (115) and valve means (117),
which methods comprise the step of preventing (202) the
coolant pump (112) from pumping the fluid coolant and
thus providing a stagnation of the fluid coolant in the first
fluid coolant circuit (109, 409), and/or the step of control-
ling (205, 209) the coolant pump (112) to produce such
a coolant flow so that the temperature (T;,) of the fluid
coolant supplied to the first fluid coolant circuit (109, 409)
from the second fluid coolant (111) circuitis atleast 10°C
lower than the temperature (T,,,) of the fluid coolant dis-
charged from the first fluid coolant circuit (109, 409) to
the second fluid coolant circuit (111).
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Description
Technical Field

[0001] The present invention relates to a method for
thermally managing an internal combustion engine which
comprises an engine block with a fluid coolant flow pas-
sage therein, a cylinder head secured to the engine block
and provided with a fluid coolant flow passage therein,
and afirst fluid coolant circuit comprising the fluid coolant
flow passages, the internal combustion engine being pro-
vided with a second fluid coolant circuit connected to the
first fluid coolant circuit and comprising a heat exchanger
fortransferring heat from the fluid coolant, a coolant pump
for producing coolant flow in the first fluid coolant circuit,
temperature sensing means and valve means. Further,
the present invention relates to an engine system com-
prising the above-mentioned internal combustion engine
and atleast one engine control unitadapted to performing
the steps of such methods.

Background of the Invention

[0002] Prior to the present invention, several engine
cooling systems or thermal management systems have
been devised with various coolant circuits arrangements
to improve operation of the internal combustion engine
as well as operation of associated units, such as the pas-
senger compartment heater and associated window-
shield defroster. Especially, when starting a cold engine
in cold weather the fuel consumption, and consequently
the exhaust emissions, is increased because of in-
creased friction in the engine. The temperature is an im-
portant factor to reduce the friction, and therefore it is
desirable to use the heat from the engine in the most
effective way. During the warm-up phase, the main heat
sink is in the engine block. Obtaining a fast passenger
compartment warm-up in cold weather has always been
a challenge for the automobile manufacturers. However,
many of the solutions today require additional, costly
equipment.

[0003] US-A-5,735,238 discloses a heat management
system for an internal combustion engine which provides
a heatintensifying circuit to hasten engine warm-up. Dur-
ing the warm-up period, the coolant flow circuit includes
only a coolant pump, cooling passages on the exhaust
side of the cylinder head and the heat exchanger for the
passenger compartment.

[0004] US-A-5,337,704 describes a cooling system for
an internal combustion engine, which provides an initial
engine warm-up flow circuit extending from a coolant
pump, through cooling passages in the cylinder head,
through a heat exchanger used to warm up the passenger
compartment and back to the pump, whereby a temper-
ature responsive flow control valve or thermostat prohib-
its a flow of a coolant from the cylinder head to cooling
passages in the engine block.

[0005] DE-A1-4105199discloses aninternal combus-
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tion engine having a heat distribution circuit with a radi-
ator, a latent heat store, a pump and a balancing con-
tainer. Upon a cold-start, a valve is arranged to stop the
flow of coolant to the crankcase, and the balancing con-
tainer and the latent heat store are connected in series
between the cylinder head and the pump. The aim is to
ensure the speediest possible heating-up of the cylinder
head from a cold start.

[0006] DE-A1-40 32 701 describes a combustion en-
gine, where the main coolant circuit has a main pump
which takes coolant from the heat exchanger and pumps
it first through the engine block and then through the cyl-
inder head and back to the heat exchanger. For a rapid
warm-up, the main coolant circuit is shut off and coolant
is pumped via a secondary circuit by an electrically driven
pump through the cylinder head only. The secondary cir-
cuit contains a heat accumulator. The secondary circuit
also has a heat exchanger and an interior heater.
[0007] US 4,319,547 discloses a liquid cooled internal
combustion engine having coolant cavities in the cylinder
block and cylinder head, connected to a coolant circulat-
ing pump through a temperature controlled regulating de-
vice. The arrangement is such that below a selected tem-
perature coolant circulates through the cylinder head only
while above this temperature the coolant circulates
through both the cylinder head and the cylinder block.
[0008] JP 57193712 describes a method for shorten-
ing the time warm-up of an internal combustion engine
in cold weather and sufficiently cool its cylinder, by using
cooling water to cool the cylinder head and by using lu-
bricating oil to cool the cylinder block. A cooling water
passage extends between a cylinder head and a radiator
so that cooling water is circulated by a pump.

[0009] The article "Das Warmemanagement des neu-
en BMW-Reihen sechs zylindermotors" by Ulrich Hess
et. al., MTZ 11/2005 Jahrgang 66, pages 872-877, dis-
closes the use of an electric water pump system, where
a very short stand still of the electric water pump is used
to enhance the coolant and oil warm-up.

[0010] However, many of the above-mentioned solu-
tions require the provision of additional equipment, such
as anadditional pump or an additional fluid coolant circuit,
which affects the engine assembly and generates costs.

The Object of the Invention

[0011] The object of the present invention is thus to
improve the thermal management of an internal combus-
tion engine, and overcome the above-mentioned draw-
backs.

Summary of the Invention

[0012] The above mentioned objects are attained by
providing a method for thermally managing an internal
combustion engine during warmed-up conditions of the
engine as defined in the enclosed claim 1.

[0013] In prior artinternal combustion engines, the dif-
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ference, AT, between the temperature of the fluid coolant
supplied to the first fluid coolant circuit from the second
fluid coolant circuit and the temperature of the fluid cool-
ant discharged from the first fluid coolant circuit to the
second fluid coolant circuit is about 5°C, as the temper-
ature of the coolant discharged from the first fluid coolant
circuit is about 90°C and the temperature of the coolant
supplied to the first fluid coolant circuit is about 85°C.
According to the present invention, AT is at least 10°C,
which represents such a low flow rate of the coolant so
that the temperature of the coolant in the cylinder head
is kept above 90°C, which higher than in prior art engines.
[0014] By keeping the coolant temperature of the cyl-
inder head above 90°C, the inventor has found that the
friction in the engine, inter alia between pistons and cyl-
inder walls, is further decreased, resulting in a decrease
in fuel consumption.

[0015] Further, heat enhances the wear on engine oil,
as the degradation of the oil is enhanced by heat. Be-
cause of the low flow rate of the coolant, defined by AT
>10°C, a coolant with a lower temperature, in relation to
prior art, enters the engine. The inventor has found, be-
cause of the cooler coolant entering the engine, that the
engine oil in the oil sump is kept at a lower temperature
inrelation to prior art, which results in alower temperature
of the engine oil, whereby the durability of the engine oil
is enhanced and the oil consumption is thus decreased.
Advantageously, the entry of the coolant from the second
fluid coolant circuit to the first fluid coolant circuit is po-
sitioned in the engine block, i.e. when entering the en-
gine, the coolant is first guided to the engine block and
subsequently to the cylinder head.

[0016] According to an advantageous embodiment of
the method according to the present invention, the cool-
ant pump is controlled to produce such a coolant flow so
thatthe coolant temperature of the cylinder head is above
100°C. Tests performed by the inventor have shown that
the friction in the engine is still further decreased above
this temperature level, resulting in a decrease in fuel con-
sumption.

[0017] According to another advantageous embodi-
ment of the method according to the present invention,
the coolant pump is controlled to produce such a coolant
flow so that the coolant temperature of the cylinder head
is above 105°C. Tests performed by the inventor have
shown that the friction in the engine is yet further de-
creased above this temperature level, resulting in a fur-
ther decrease in fuel consumption.

[0018] According to a further advantageous embodi-
ment of the method according to the present invention,
the coolant pump is controlled to produce such a coolant
flow so that the coolant temperature of the cylinder head
is between 110-120°C. Tests performed by the inventor
have shown that the friction in the engine is yet further
decreased within this temperature range, resulting in a
further decrease in fuel consumption.

[0019] According to another advantageous embodi-
ment of the method according to the present invention,
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the coolant pump is controlled to produce such a coolant
flow so that the temperature of the coolant supplied to
the first fluid coolant circuit from the second fluid coolant
circuit is below 85°C. The inventor has found that the
entry of coolant, having a temperature below this tem-
perature level, into the engine, further enhances the du-
rability of the engine oil and the oil consumption is further
decreased.

[0020] According to still another advantageous em-
bodiment of the method according to the present inven-
tion, the coolant pump is controlled to produce such a
coolant flow so that the temperature of the coolant sup-
plied to the first fluid coolant circuit from the second fluid
coolant circuit is below 75°C, advantageously below
70°C, or even below 65°C. The inventor has found that
the entry of coolant, having a temperature below these
temperature levels, into the engine, is especially advan-
tageous as a further increase of the durability of the en-
gine oil is attained, and the oil consumption is further
decreased.

[0021] According to an advantageous embodiment of
the method according to the present invention, the cool-
ant pump is controlled to rapidly increase the flow rate
of the coolant upon risk of knock, whereby the cylinder
head is rapidly cooled off by the cold coolant provided
by the present invention, and a fast knock control is pro-
vided and knock is prevented. As a result of this efficient
knock control, the temperature of the cylinder head can
be kept above said high temperature levels without any
knock problems. The risk of knock is detected in a known
manner.

[0022] Further, the above mentioned objects are at-
tained by providing a method for thermally managing an
internal combustion engine during engine warm-up as
defined in the enclosed claim 10.

[0023] The major part of the heat from the combustion
in the engine goes into the cylinder head, and the main
part of the heat transmitted from the cylinder head to the
engine block is transmitted via the coolant. By the control
of the coolant flow according to this method, the heat is
kept in the cylinder head and the heat transfer from the
cylinder head, via the coolant, to the engine block is rad-
ically reduced.

[0024] Because of the low flow rate of the coolant, de-
fined by AT >10°C, a coolant with a lower temperature
enters the engine and the first fluid coolant circuit, in re-
lation to cases with higher flow rates defined by a smaller
AT, whereby less heat per coolant mass flow unit is trans-
ferred to the engine block. If the engine is provided with
a first fluid coolant circuit allowing an internal flow from
the cylinder head to the engine block, the heat transfer
via the coolant within in the engine is also radically re-
duced because of said low coolant flow. If the second
fluid coolant circuit only includes the coolant pump, and
no heat exchangers, it is in principal the pipes or tubes
of the second fluid coolant circuit which transfer heat from
the coolant flowing in the second fluid coolant circuit. A
lower flow rate of the coolant in the second fluid coolant
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circuit results in a larger heat transfer per coolant mass
flow unit from the coolant via said pipes or tubes, since
the coolant spends more time in said pipes or tubes, and
thus provides a larger decrease in the temperature of the
coolant, i.e. a larger AT. A higher flow rate of the coolant
in the second fluid coolant circuit results in a lower heat
transfer per coolant mass flow unit from the coolant
present in said pipes of tubes, since the coolant spends
less time in said pipes or tubes, and thus provides a small-
er decrease in the temperature of the coolant, i.e. asmall-
er AT. This is still the case when the second fluid coolant
circuit includes one or more heat exchangers, but then
also these transfer heat from the fluid coolant. However,
since the total amount of coolant passing through the
second fluid coolant circuit per time unit is larger when
the flow rate of the coolant is higher, the total heat transfer
from the second fluid coolant circuit is larger.

[0025] Instead, a fast warm-up of the cylinder head is
attained resulting in a fast warm-up of the coolant, the
cylinder head, the pistons and the cylinders, whereby the
friction and the fuel consumption is decreased, especially
upon a cold start in cold climates, without any provision
of additional equipment, such as an additional pump or
a secondary fluid coolant circuit. Thus, this method can
be applied to existing internal combustion engines with-
out any substantial hardware alterations or additions.
Tests and simulations performed by the inventor has
shown that this method reduces the friction in the valve
train and piston rings, as well as it heats the fresh charge
which reduces throttle losses, that the a fuel efficiency
was improved by 4%, and that it is possible to speed up
the coolant warm-up phase by more than a factor of two.
The tests showed a big increase in coolant temperature
but only a small decrease in engine oil temperature. This
is because the engine oil is heated in a much hotter cyl-
inder head during warm-up. Advantageously, the heating
of the transfer oil can be included in the warm-up process
for active heating.

[0026] According to an advantageous embodiment of
this method according to the present invention, the cool-
ant pump is prevented from pumping the coolant, or by
controlling the coolant pump to produce said coolant flow
at least until the coolant temperature of the cylinder head
has reached 100°C. Tests performed by the inventor
have shown that the friction in the engine is still further
decreased above this temperature level, resulting in a
decrease in fuel consumption.

[0027] According to a further advantageous embodi-
ment of this method according to the present invention,
the coolant pump is prevented from pumping the coolant,
or the coolant pump is controlled to produce said coolant
flow at least until the coolant temperature of the cylinder
head has reached 105°C. Tests performed by the inven-
tor have shown that the friction in the engine is yet further
decreased above this temperature level, resulting in a
further decrease in fuel consumption.

[0028] According to another advantageous embodi-
ment of this method according to the present invention,
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the coolant pump is prevented from pumping the coolant,
or the coolant pump to produce said coolant flow at least
until the coolant temperature of the cylinder head has
reached 110°C. Tests performed by the inventor have
shown that the friction in the engine is still further de-
creased above this temperature level, resulting in a fur-
ther decrease in fuel consumption.

[0029] According to a further advantageous embodi-
ment of this method according to the present invention,
the coolant is pumped by means of a pump drivable de-
coupled from the engine. This can be an electric coolant
pump, or a mechanically driven coolant pump which is
drivable decoupled from the engine, e.g. a displacement
pump. However, also other coolant pumps which can
work decoupled from the engine are possible. For exam-
ple, amechanically driven coolant pump which is adapted
to be "short-circuited", i.e. being provided with an addi-
tional circuit which can connect the outlet of the pump to
the inlet of the pump.

[0030] The above mentioned objects are also attained
by providing a method for thermally managing an internal
combustion engine during engine warm-up as defined in
the enclosed claim 16.

[0031] In cold climates and upon cold starts, instead
of speeding up the warm-up of the engine, the focus may
be to rapidly warm-up the passenger compartment.
When the second fluid coolant circuit comprises a heat
exchanger for transferring heat from the fluid coolant and
for warming a passenger compartment, the heat origi-
nating from the cylinder head is transferred from the cool-
ant in the heat exchanger for warming the passenger
compartment, instead of aiming to retain as much heat
as possible in the cylinder head. However, since the flow
rate ofthe coolant, defined by AT>10°C, also hereis lower
than in prior art, less energy or heat is transferred to the
engine block and is in stead transferred to the passenger
compartment, because of the above-mentioned facts.
Hereby, the external heater on diesel engines can be
replaced, because all heat which would be transferred
from the engine block to the ambient instead is available
for the passenger compartment warm-up

[0032] According to a further advantageous embodi-
ment of this method according to the present invention,
the coolant discharged from the fluid coolant flow pas-
sage of the cylinder head is guided to the heat exchanger
for warming the passenger compartment. Hereby, a heat
transfer from the coolant to the engine block at the outlet
of the first fluid coolant circuit is prevented, allowing more
heat to be transferred from the coolant in passenger com-
partment heat exchanger.

[0033] Further advantageous embodiments and as-
pects of the methods according to the present invention
emerge from the detailed description of preferred em-
bodiments.

[0034] The general inventive concept of the methods
of the present invention is to provide a considerably low
flow rate of the coolant during the engine warm-up phase
or during steady state as presented above, a flow rate
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which is considerably lower in relation to prior art, or even
provide a substantially stagnant coolant in the engine
during a considerable part of the engine warm-up phase
or during the whole warm-up phase.

[0035] According to advantageous embodiments of
the above-mentioned methods according to the present
invention, the coolant pump is controlled to produce such
a coolant flow so that the temperature of the coolant sup-
plied to the first fluid coolant circuit from the second fluid
coolant circuitis at least 20°C lower than the temperature
of the coolant discharged from the first fluid coolant circuit
to the second fluid coolant circuit. Tests preformed by
the inventor have shown that the flow rate of the coolant
at this level results in that the heat transfer to the engine
block is further reduced, and more heat is contained in
the cylinder head or transferred to the passenger com-
partment.

[0036] According to further advantageous embodi-
ments of the above-mentioned methods according to the
present invention, the coolant pump is controlled to pro-
duce such a coolant flow so that the temperature of the
coolant supplied to the first fluid coolant circuit from the
second fluid coolant circuit is at least 30°C lower than
the temperature of the coolant discharged from the first
fluid coolant circuit to the second fluid coolant circuit.
Tests preformed by the inventor have shown that the flow
rate of the coolant at this level results in that the heat
transfer to the engine block is still further reduced, and
even more heatis contained in the cylinder head or trans-
ferred to the passenger compartment.

[0037] The methods of the present invention can be
applied to different kinds of fluid coolant circuit designs,
e.g. applied to a secondary fluid coolant circuit which only
circulates coolant in the cylinder head during the warm-
up phase not entering the engine block, applied to fluid
coolant circuits with first fluid coolant circuits having an
inlet for coolant provided in the cylinder head and/or the
engine block, and an outlet for coolant provided in the
cylinder head and/or the engine block, where the coolant
is pumped from the engine block to the cylinder head, or
vice versa, and applied to fluid coolant circuits with ad-
ditional equipment included in the second fluid coolant
circuit or the first fluid coolant circuit.

[0038] The methods of the present invention are ad-
vantageous for both petrol engines and diesel engines,
especially during the warm-up phase of diesel engines,
as the emissions of CO and HC are reduced because of
the hotter combustion chamber and that the catalytic con-
verter is subjected to a faster warm-up.

[0039] The present invention also provides an engine
system as defined in claim 21.

Brief Description of the Drawings

[0040] The present invention will now be described,
for exemplary purposes, in more detail by way of embod-
iments and with reference to the enclosed drawings, in
which:
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Fig. 1 is a schematic block diagram illustrating an en-
gine system comprising an internal combustion
engine, to which the methods of the present
invention can be applied, and

is a schematic flow diagram illustrating aspects
of the methods according to the present inven-
tion,

is a schematic flow diagram illustrating further
aspects of the methods according to the
present invention, and

is a schematic block diagram illustrating a sec-
ond engine system comprising an internal com-
bustion engine, to which aspects of the meth-
ods of the present invention can be applied

Fig. 2

Fig. 3

Fig. 4

Detailed Description of Preferred Embodiments

[0041] Fig. 1 schematically illustrates an engine sys-
tem comprising an internal combustion engine 101 to
which the methods of the present invention can be ap-
plied. The engine 101 comprises an engine block 102
with a fluid coolant flow passage 104 therein, a cylinder
head 106 secured to the engine block 102 and provided
with a fluid coolant flow passage 108 therein, and a first
fluid coolant circuit 109 comprising the fluid coolant flow
passages 104, 108. The internal combustion engine 101
is provided with a second fluid coolant circuit 111 con-
nected to the first fluid coolant circuit 109 and comprising
a heat exchanger 110, in the form of a radiator 110, with
an inlet and an outlet for transferring heat from the cool-
ant, an electric coolant pump 112 with an inlet and an
outlet for producing coolant flow in the fluid coolant cir-
cuits, an oil cooler 116 for transferring heat from the motor
oil, and temperature sensing means 115 and valve
means 117 included in a thermostat 118. The tempera-
ture sensing means 115is, inter alia, adapted to measure
the coolant temperature of the cylinder head 106. The
coolant temperature of the cylinder head 106 can for in-
stance be measured by providing a leak flow of coolant
from the cylinder head, the temperature of which leak
flow is measured. The thermostat 118 receives, via its
two inlets, coolant from the radiator 110, the internal com-
bustion engine 101 and the oil cooler 116, and is arranged
to control the coolant flow therefrom by means of its valve
means 117.

[0042] Further, the engine system also comprises an
engine control unit (ECU) 120, which can be provided as
one unit, or as more than one logically interconnected
physical units. The engine control unit 120 is adapted to
receive data and control the electric coolant pump 112,
the radiator 110, the oil cooler 116, and the thermostat
118.

[0043] Fig. 2 schematically illustrates a first and a sec-
ond aspect of the method according to the present in-
vention for thermally managing an internal combustion
engine 101 during engine warm-up upon cold start. Dur-
ing the warm-up phase the coolant flow through the ra-
diator 110 is stopped by the valve means of the thermo-
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stat 118 in a conventional way, at step 201. At step 202,
the ECU 120 controls the electric coolant pump 112 to
stand still, and prevents it from pumping the coolant, and
thus provides a substantially stagnant fluid coolant in the
first fluid coolant circuit 109. At step 203, the coolant tem-
perature of the cylinder head 106 is sensed by the tem-
perature sensing means 115 of the thermostat 118, and
the ECU 120 receives this temperature data. If the cool-
ant temperature of the cylinder head is below 110°C, the
ECU 120 still controls the electric coolant pump 112 to
stand still and thus prevented from pumping the coolant.
If the coolant temperature of the cylinder head is above
orequalto 110°C, the ECU 120 controls the electric cool-
ant pump 112 to produce such a coolant flow in the fluid
coolant circuits, at step 204, to keep a coolant tempera-
ture of 110°C in the cylinder head 106.

[0044] According to a second aspect of the method for
engine warm-up, at step 205, ECU 120 controls the elec-
tric coolant pump 112 to pump the coolant at such a flow
rate so that the temperature T, of the coolant supplied
to the first fluid coolant circuit 109 from the second fluid
coolant circuit 111 is about 30°C lower, than the temper-
ature T, of the coolant discharged from the first fluid
coolant circuit 109 to the second fluid coolant circuit 111,
i.e. AT = T, - T;» = 30°C. At step 206, the coolant tem-
perature of the cylinder head 106 is sensed by the tem-
perature sensing means 115 of the thermostat 118, and
the ECU 120 receives this temperature data. If the cool-
ant temperature of the cylinder head is below 110°C, the
ECU 120 controls the electric coolant pump 112 to keep
pumping the coolant at above-mentioned low flow rate.
If the coolant temperature of the cylinder head is above
orequal 110°C, the ECU 120 controls the electric coolant
pump 112 to pump the coolant at such a flow rate to keep
a coolanttemperature of about 110°C in the cylinder head
106, at step 207, which at least initially results in a flow
rate increase.

[0045] In prior art internal combustion engines, T, is
conventionally 90°C and T, is conventionally 85°C,
which gives a 5 degrees difference between Tout and
T;,- According to the aspects of the present invention,
when the outlet of the first fluid coolant circuit 109 is pro-
vided in the cylinder head 106, T, corresponds to the
coolant temperature of the cylinder head 106, and when
the coolant temperature of the cylinder head 106 reaches
110°C, T, is about 110°C.

[0046] In Fig. 2, steps 204 and 207 of the first and
second aspects of the method for thermally managing
an internal combustion engine 101 during engine warm-
up proceed to the first step, 208, of a third aspect of the
method according to the present invention, for thermally
managing an internal combustion engine 101 during
warmed-up conditions of the engine, i.e. steady state. At
step 208, during warmed-up conditions, the coolant flow
through the radiator 110 is allowed by the valve means
of the thermostat 118 in a conventional way, when nec-
essary. At step 209, the ECU 120 controls the electric
coolant pump 112 to pump the coolant at such a flow rate
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sothat AT = T, - T;, = 30°C, to keep a coolant temper-
ature of about 110°C in the cylinder head 106, and to
produce such a coolant flow so that the temperature T,
of the coolant supplied to the first fluid coolant circuit 109
from the second fluid coolant circuit 111 is about 80°C.
At step 210, the coolant temperature of the cylinder head
106 is sensed by the temperature sensing means 115 of
the thermostat 118, and the ECU 120 receives this tem-
perature data. If the coolant temperature of the cylinder
head is within the range 110°C to 120 °C, the ECU 120
controls the electric coolant pump 112 to keep pumping
the coolant at the same flow rate, at step 211. If the cool-
ant temperature of the cylinder head is outside said
range, the ECU 120 controls the electric coolant pump
112 to adjust the flow rate of the coolant, at step 212. If
knock occurs, the ECU 120 controls the electric coolant
pump 112 to rapidly increase the flow rate of the coolant,
at step 213, whereby the cylinder head 106 is rapidly
cooled off by the cold coolant, and a fast knock control
is provided.

[0047] Fig. 3 illustrates further aspects of the methods
according to the present invention. Instead of performing
steps 202-204 or steps 205-207, during the engine warm-
up as disclosed in Fig. 2, first, steps 201-203 are per-
formed, and subsequently, steps 205-207 are performed,
whereupon the steps of the third aspect of the method
as disclosed in connection with Fig. 2 are performed.
[0048] Inotheraspects of the invention, steps 201-204
and/or steps 201 & 205-207 can be performed without
proceeding to steps 208-213, and steps 208-213 can be
performed without first performing steps 201-204 and/or
steps 201 & 205-207.

[0049] Further, the first and second aspects of the
method according to the presentinvention can be applied
to the same engine system, alternating, or subsequently
as disclosed in Fig. 3, or one can choose to apply only
one of the first and second aspects of the method ac-
cording to the present invention.

[0050] Advantageously, the coolanttemperature in the
cylinder head 106 is between 110°C and 120°C during
steady state.

[0051] Fig. 4 schematically illustrates a second engine
system comprising an internal combustion engine 401 to
which the methods of the present invention can be ap-
plied. The engine 401 comprises an engine block 402
with a fluid coolant flow passage 404 therein, a cylinder
head 406 secured to the engine block 402 and provided
with a fluid coolant flow passage 408 therein, and a first
fluid coolant circuit 409 comprising the fluid coolant flow
passages 404, 408. In this engine system, the first fluid
coolant circuit 409 has more passages adapted to guide
coolant from the cylinder head to the engine block inter-
nally within the engine. Further, the engine system com-
prises a second heat exchanger 412 for transferring heat
from the fluid coolant and for warming a passenger com-
partment. The second heat exchanger 412 receives cool-
ant discharged from the fluid coolant flow passage of the
cylinder head 406. The other elements of this engine sys-
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tem correspond the elements of the engine system of
Fig. 1 and are provided with the same reference signs.

[0052] Naturally, the second heat exchanger 412 can
also be present when applying the aspects discloses in
connection with Figures 2 and 3, connected or discon-
nected.

[0053] According to a further aspect of the present in-
vention, when the present focus is to rapidly warm-up
the passenger compartment, which is an importantissue
especially in cold climates and upon cold starts, instead
of speed up the warm-up of the engine, the coolant pump
112 is controlled to produce such a coolant flow so that
the temperature T, of the fluid coolant supplied to the
first fluid coolant circuit 409 from the second fluid coolant
circuit 111 is about 25°C lower than the temperature T,
of the fluid coolant discharged from the first fluid coolant
circuit 409 to the second fluid coolant circuit 111. Be-
cause of the low flow rate of the coolant in the second
heat exchanger 412, the coolant is subjected to a large
temperature decreaseinthe second heatexchanger412.
According to this aspect, the flow rate of the coolant is
higher in relation to the aspects of Figs. 2 and 3, but the
flow rate of the coolant is still considerably lower in rela-
tion to prior art engine systems including a heat exchang-
er for warming a passenger compartment.

[0054] According to advantageous aspects of the
present invention, AT is at least 20°C, advantageously
at least 25°C, or even at least 30°C, for all methods of
the present invention.

[0055] The invention is not limited to the embodiments
described in the foregoing. It will be obvious that many
different modifications are possible within the scope of
the following claims.

Claims

1. A method for thermally managing an internal com-
bustion engine (101, 401) during warmed-up condi-
tions of the engine (101, 401), which internal com-
bustion engine (101,401) comprises an engine block
(101, 402) with a fluid coolant flow passage (104,
404) therein, a cylinder head (106, 406) secured to
the engine block (104, 402) and provided with a fluid
coolant flow passage (108, 408) therein, and a first
fluid coolant circuit (109, 409) comprising the fluid
coolant flow passages (104, 108, 404, 408), the in-
ternal combustion engine (101, 401) being provided
with a second fluid coolant circuit (111) connected
to the first fluid coolant circuit (109, 409) and com-
prising at least one heat exchanger (110, 116, 412)
for transferring heat from the fluid coolant, a coolant
pump (112) for producing coolant flow in the first fluid
coolant circuit (109, 409), temperature sensing
means (115) and valve means (117), characterized
by controlling (209) the coolant pump (112) to pro-
duce such a coolant flow so that the temperature
(T;,) of the fluid coolant supplied to the first fluid cool-
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ant circuit (109, 409) from the second fluid coolant
circuit (111) is at least 10°C lower than the temper-
ature (T,,,) of fluid coolant discharged from the first
fluid coolant circuit (109, 409) to the second fluid
coolant circuit (111), so that the temperature of the
coolantinthe cylinder head (106, 406) is above 90°C.

A method according to claim 1, characterized by
controlling the coolant pump (112) to produce such
a coolant flow so that the temperature (T;,) of the
coolant supplied to the first fluid coolant circuit (109,
409) from the second fluid coolant circuit (111) is at
least 20°C lower than the temperature (T,,,) of the
coolant discharged from the first fluid coolant circuit
(109, 409) to the second fluid coolant circuit (111).

A method according to claim 2, characterized by
controlling the coolant pump (112) to produce such
a coolant flow so that the temperature (T;,) of the
coolant supplied to the first fluid coolant circuit (109,
409) from the second fluid coolant circuit (111) is at
least 30°C lower than the temperature (T,,,) of the
coolant discharged from the first fluid coolant circuit
(109, 409) to the second fluid coolant circuit (111).

A method according to any of the claims 1 to 3, char-
acterized by controlling (209) the coolant pump
(112) to produce such a coolant flow so that the cool-
ant temperature of the cylinder head (106, 406) is
above 100°C.

A method according to claim 4, characterized by
controlling (209) the coolant pump (112) to produce
such a coolant flow so that the coolant temperature
of the cylinder head (106, 406) is above 105°C.

A method according to claim 5, characterized by
controlling (209) the coolant pump (112) to produce
such a coolant flow so that the coolant temperature
of the cylinder head (106, 406) is between
110-120°C.

A method according to any of the claims 1 to 6, char-
acterized by controlling (209) the coolant pump
(112) to produce such a coolant flow so that the tem-
perature (T;,) of the coolant supplied to the first fluid
coolant circuit (109, 409) from the second fluid cool-
ant circuit (111) is below 85°C.

A method according to claim 7, characterized by
controlling (209) the coolant pump (112) to produce
such a coolant flow so that the temperature (T;,) of
the coolant supplied to the first fluid coolant circuit
(109, 409) from the second fluid coolant circuit (111)
is below 75°C.

A method according to claim 7 or 8, characterized
by controlling (213) the coolant pump (112) to rapidly
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increase the flow rate of the coolant upon risk of
knock, whereby a fast knock control is provided.

A method for thermally managing an internal com-
bustion engine (101, 401) during engine warm-up,
which internal combustion engine (101, 401) com-
prises an engine block (102, 402) with a fluid coolant
flow passage (104, 404) therein, a cylinder head
(106, 406) secured to the engine block (102, 402)
and provided with a fluid coolant flow passage (108,
408) therein, and afirst fluid coolant circuit (109, 409)
comprising the fluid coolant flow passages (104, 108,
404, 408), the internal combustion engine (101, 401)
being provided with a second fluid coolant circuit
(111) connected to the first fluid coolant circuit (109,
409) and comprising a coolant pump (112) for pro-
ducing coolant flow in the first fluid coolant circuit
(109, 409), temperature sensing means (115) and
valve means (117), characterized by preventing
(202) the coolant pump (112) from pumping the fluid
coolant and thus providing a substantially stagnant
fluid coolant in the first fluid coolant circuit (109, 409),
or by controlling (205) the coolant pump (112) to pro-
duce such a coolant flow so that the temperature
(T;y,) of the coolant supplied to the first fluid coolant
circuit (109, 409) from the second fluid coolant circuit
(111) is at least 10°C lower than the temperature
(Toye) of the fluid coolant discharged from the first
fluid coolant circuit (109, 409) to the second fluid
coolant circuit (111), at least until the temperature of
the coolant in the cylinder head (106, 406) has
reached 90°C.

A method according to claim 10, characterized by
controlling the coolant pump (112) to produce such
a coolant flow so that the temperature (T;,) of the
coolant supplied to the first fluid coolant circuit (109,
409) from the second fluid coolant circuit (111) is at
least 20°C lower than the temperature (T,,,) of the
coolant discharged from the first fluid coolant circuit
(109, 409) to the second fluid coolant circuit (111).

A method according to claim 11, characterized by
controlling the coolant pump (112) to produce such
a coolant flow so that the temperature (T;,) of the
coolant supplied to the first fluid coolant circuit (109,
409) from the second fluid coolant circuit (111) is at
least 30°C lower than the temperature (T,,,) of the
coolant discharged from the first fluid coolant circuit
(109, 409) to the second fluid coolant circuit (111).

A method according to any of the claims 10 to 12,
characterized by preventing (202) the coolant
pump (112) from pumping the coolant, or by control-
ling (205) the coolant pump (112) to produce said
coolant flow at least until the coolant temperature of
the cylinder head (106, 406) has reached 100°C.
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14.

15.

16.

17.

18.

A method according to claim 13, characterized by
preventing (202) the coolant pump (112) from pump-
ing the coolant, or by controlling (205) the coolant
pump (112) to produce said coolant flow at least until
the coolant temperature of the cylinder head (106,
406) has reached 105°C.

A method according to claim 14, characterized by
preventing (202) the coolant pump (112) from pump-
ing the coolant, or by controlling (205) the coolant
pump (112) to produce said coolant flow at least until
the coolant temperature of the cylinder head (106,
406) has reached 110°C.

A method for thermally managing an internal com-
bustion engine (101, 401) during engine warm-up,
which internal combustion engine (101, 401) com-
prises an engine block (102, 402) with a fluid coolant
flow passage (104, 404) therein, a cylinder head
(106, 406) secured to the engine block (102, 402)
and provided with a fluid coolant flow passage (108,
408) therein, and afirst fluid coolant circuit (109, 409)
comprising the fluid coolant flow passages (104, 108,
404, 408), the internal combustion engine (101, 401)
being provided with a second fluid coolant circuit
(111) connected to the first fluid coolant circuit (109,
409) and comprising a coolant pump (112) for pro-
ducing coolant flow in the first fluid coolant circuit
(109, 409), a heat exchanger (412) for transferring
heat from the fluid coolant and for warming a pas-
senger compartment and temperature sensing
means (115) and valve means (117), characterized
by controlling the coolant pump (112) to produce
such a coolant flow so that the temperature (T;,) of
the fluid coolant supplied to the first fluid coolant cir-
cuit (109, 409) from the second fluid coolant circuit
(111) is at least 10°C lower than the temperature
(T,y of the fluid coolant discharged from the first
fluid coolant circuit (109, 409) to the second fluid
coolant circuit (111).

A method according to claim 16, characterized by
controlling the coolant pump (112) to produce such
a coolant flow so that the temperature (T;,) of the
coolant supplied to the first fluid coolant circuit (109,
409) from the second fluid coolant circuit (111) is at
least 20°C lower than the temperature (T,,,) of the
coolant discharged from the first fluid coolant circuit
(109, 409) to the second fluid coolant circuit (111).

A method according to claim 17, characterized by
controlling the coolant pump (112) to produce such
a coolant flow so that the temperature (T;,) of the
coolant supplied to the first fluid coolant circuit (109,
409) from the second fluid coolant circuit (111) is at
least 30°C lower than the temperature (T, of the
coolant discharged from the first fluid coolant circuit
(109, 409) to the second fluid coolant circuit (111).
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A method according to any of the claims 16 to 18,
characterized by guiding coolant discharged from
the fluid coolant flow passage (108, 408) of the cyl-
inder head (106, 406) to the heat exchanger (412)
for warming the passenger compartment.

A method according to any of the previous claims 1
to 19, characterized by pumping the coolant by
means of a pump (112) drivable decoupled from the
engine.

An engine system comprising an internal combus-
tion engine (101, 401) which comprises an engine
block (102, 402) with a fluid coolant flow passage
therein (104, 404), a cylinder head (106, 406) se-
cured to the engine block (102, 402) and provided
with a fluid coolant flow passage (108, 408) therein,
and a first fluid coolant circuit (109, 409) comprising
the fluid coolant flow passages (104, 108, 404, 408),
the internal combustion engine (101, 401) being pro-
vided with a second fluid coolant circuit (111) con-
nected to the first fluid coolant circuit (109, 409) and
comprising at least one heat exchanger (110, 118,
412) for transferring heat from the fluid coolant, a
coolant pump (112) for producing coolant flow in the
first fluid coolant circuit (109, 409), temperature
sensing means (115) and valve means (117), which
engine system comprises at least one engine control
unit (120), characterized in that the engine control
unit (120) is adapted to perform the steps of any of
the claims 1 to 20.
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