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(57) ABSTRACT 

A method for operating a cooling and heating circuit of a 
motor vehicle driven by an internal combustion engine, the 
method has the steps providing a ?rst cooling medium path 
through a bypass conduit, providing a second cooling 
medium path through a main cooler of the internal combus 
tion engine, providing a third cooling medium through a 
heating heat exchanger, providing a fourth cooling medium 
path through a heat accumulator, subdividing cooling 
medium flows through the paths by an electrically operated 
valves, providing the cooling medium flows by at least one 
pump, controlling the valves by a control unit in dependence 
on operational and environmental parameters as Well as 
nominal values, arranging a third control valve Which is 
controlled by the control unit in the fourth cooling medium 
path and closing the third control valve completely or 
partially When a reference temperature of a remaining cool 
ing and heating circuit exceeds a nominal value provided in 
the control unit, and opening the third control valve When 
the reference temperature is beloW the nominal value. 



Patent Application Publication Jun. 3, 2004 US 2004/0103861 A1 



US 2004/0103861 A1 

METHOD OF OPERATING A COOLING AND 
HEATING CIRCUIT OF A MOTOR VEHICLE 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a method of oper 
ating a cooling and heating circuit of a motor vehicle. 

[0002] KnoWn cooling and heating devices of motor 
vehicles With an internal combustion engine include as a rule 
a cooling and heating circuit With several cooling medium 
paths, for distribution and WithdraWal When needed of heat 
Which is generated in the internal combustion engine, and 
additional aggregates, for example turbochargers, transmis 
sions, and generators, in the sense of a thermal management. 
Operational and environmental parameters, such as for 
example the temperatures and/or the pressure conditions of 
the media, the rotary speed, the load and the temperature of 
the internal combustion engine, the components and aggre 
gates, as Well as the temperature of the surrounding air and 
the passenger space, are detected in an electronic control 
unit as input signals and processed to provide output signals. 
The output signals are used for controlling of the majority of 
the electrically operated feeding and adjusting devices. 

[0003] Such a cooling device is disclosed for example in 
the European patent document EP 0 499 071 A1. It includes 
a cooling medium circuit for cooling the internal combustion 
engine. Furthermore, the machine oil and the load air are 
cooled With air by additional oil cooler and charge air cooler 
With air. A control device Which has as least one micropro 
cessor determines, depending on a plurality of measured 
status variables, the cooling poWer demand or heat demand 
of each individual aggregate or component of the cooling 
system and regulates the cooling medium ?oWs individually, 
but With consideration of the requirements of the total 
system. 

[0004] For controlling the material and heat ?oWs, elec 
trically controlled pumps and valves are provided. Further 
more, additional regulatable heating devices are connected 
to the cooling device, for example for Warming up of the 
vehicle space or the Wiping Water of Windshield Wiper 
device, so that excessive heat energy can be used for heating 
When needed. 

[0005] The cooling medium circuit for cooling of the 
internal combustion engine shoWn in FIG. 6 of the European 
patent document EP 0 499 071 A1 has a ?rst cooling medium 
path through a bypass conduit, a second cooling medium 
path through a main cooler of the internal combustion 
engine, a third cooling medium path through a heating heat 
exchanger and a fourth cooling medium path through a heat 
accumulator. 

[0006] During a cold start the cooling medium ?oWs so as 
to bypass the main cooler and through the bypass conduit 
both to the internal combustion engine back, and supplies it 
in a loWer region, namely in the region of the cylinder block. 
This small circuit provides loW cooling poWer, so that the 
internal combustion engine can reach fast its operational 
temperature and the fuel consumption is advantageously 
reduce. When the cooling medium temperature increases, a 
valve opens the second cooling medium path to the main 
cooler, Which When needed cooperates With a shutter and a 
bloWer and draWs the excessive heat of the cooling medium. 
In a third cooling medium path a heating heat exchanger is 
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arranged, through Which a part of the cooling medium How 
is supplied When needed, to heat the passenger space. 

[0007] When the cooling poWer of the heating heat 
exchanger is suf?cient, the cooling medium path With the 
main cooler can be completely blocked. The excessive heat 
is supplied in this operational condition exclusively in the 
passenger space, Which at loW outside temperatures 
improves the comfort. During the Warming up phase of the 
internal combustion engine as a rule the heat produced 
during combustion is used for reaching the operational 
temperature of the internal combustion engine fast, to loWer 
the fuel consumption and to reduce the emission of damag 
ing substances. The cooling medium Which ?oWs through 
the heating heat exchanger is signi?cantly reduced or com 
pletely blocked, so that during this period costs of the 
comfort involve only a small or no energy for heating of the 
passenger space. 

[0008] The heat accumulator Which can be formed as a 
latent heat accumulator can store Waste heat generated by 
the fuel combustion in a normal operation, and gives out the 
stored heat When necessary for Warming up the internal 
combustion engine, in particular With loW environmental 
temperatures for fast Warming up and can also heat the 
passenger space. It is provided With valve means and con 
trolled by the control unit so that it can be operated in series 
With the heating heat exchanger or parallel to it and can 
supply the heat When needed to the cooling medium or 
WithdraW the excessive heat. 

[0009] A cooling and heating circuit With a latten heat 
accumulator is also disclosed in the German patent docu 
ment DE 196 01 319 A1. The cooling medium ?oW through 
the heat accumulator is also regulated by a control unit 
Which evaluates signals of temperature sensors arranged on 
the internal combustion engine and on the heat accumulator 
and detects the temperature of the cooling medium as Well 
as of special components. In addition to the desired heat 
introduction in the starting phase of the internal combustion 
engine, the heat accumulator improves the ef?ciency of the 
internal combustion engine in a partial load region, When the 
temperature of the cooling medium increases above the 
mainly used value 95° to a value 105° C. For avoiding an 
overheating of the internal combustion engine, the tempera 
ture of the cooling medium can be hoWever loWered again 
in full load operation. KnoWn heat accumulators due to their 
thermal inertia, signi?cantly sloW this process, Which can 
lead to damages of components of the internal combustion 
engine. In order to achieve a fast change of the cooling 
temperature, special devices are needed in the cooling 
circuit. 

[0010] German patent document DE 37 38 412 A1 further 
discloses a device and a method for regulation of the 
temperature of an internal combustion engine. The cooling 
medium circulates in a cooling circuit Which is composed of 
several cooling medium paths. A ?rst cooling medium path 
leads to a bypass conduit, a second cooling medium path 
leads to a main cooler of the internal combustion engine, and 
a third cooling medium path leads to a heating heat 
exchanger Which serves for climatiZation of a passenger 
space. The cooling medium distribution is performed by 
electrically actuated valves at the branches of the cooling 
medium path. In addition, a mechanically or electrically 
driven pump is arranged in the cooling circuit. For control 
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ling the valves and the electrical pump, a control unit is 
provided Which supplies operational and environmental 
parameters of the internal combustion engine as input sig 
nals, such as for eXample the rotary speed and the tempera 
ture of the internal combustion engine, the pressure and the 
temperature of the cooling medium, and also the tempera 
ture of the environmental air and the passenger space. The 
control unit processes these informations to provide output 
signals Which form adjusting variables for the control valves 
and the electric pump. 

SUMMARY OF THE INVENTION 

[0011] Accordingly, it is an object of the present invention 
to provide a method of operating a cooling and heating 
circuit of a motor vehicle. 

[0012] In keeping With these objects and With others 
Which Will become apparent hereinafter, one feature of the 
present invention resides, brie?y stated, in a method for 
operating a cooling and heating circuit of a motor vehicle 
driven by an internal combustion engine, the method com 
prising the steps providing a ?rst cooling medium path 
through a bypass conduit; providing a second cooling 
medium path through a main cooler of the internal combus 
tion engine; providing a third cooling medium through a 
heating heat exchanger; providing a fourth cooling medium 
path through a heat accumulator; subdividing cooling 
medium ?oWs through said paths by an electrically operated 
valves; providing the cooling medium ?oWs by at least one 
pump; controlling said valves by a control unit in depen 
dence on operational and environmental parameters as Well 
as nominal values; arranging a third control valve Which is 
controlled by said control unit in said fourth cooling medium 
path and closing the third control valve completely or 
partially When a reference temperature of a remaining cool 
ing and heating circuit eXceeds a nominal value provided in 
said control unit, and opening said third control valve When 
the reference temperature is beloW the nominal value. 

[0013] In accordance With the present invention, the third 
control valve Which is controlled by the control unit is 
arranged in the fourth cooling medium path, and it is 
completely or partially closed When a reference temperature 
of the remaining cooling and heating circuit eXceeds a 
nominal value provided in the control unit, and opens When 
the reference temperature is loWer than the nominal value. 

[0014] The cooling medium ?oWs in the fourth cooling 
medium path from the internal combustion engine through 
the heat accumulator, preferably a latent heat accumulator 
With a large heat capacity, and subsequently ?oWs through 
the heating heat exchanger back to the internal combustion 
engine. When the temperature of the medium in the heat 
accumulator is greater than that of the cooling medium, heat 
is transmitted to the through ?oWing cooling medium, and 
the heat accumulator is unloaded. The heat energy in this 
case serves for eXample for heating of the passenger space 
and for Warming up the internal combustion engine until 
reaching the operational temperature. In normal operation of 
the internal combustion engine, the temperature of the 
cooling medium as a rule is greater than of the accumulator 
medium, so that the through ?oWing cooling medium gives 
up heat and the heat accumulator is charged. 

[0015] During loading and unloading of the heat accumu 
lator the heat quantity to be transmitted is regulated in 
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accordance With the demand, by the control valve in the 
supply inlet of the heat accumulator Which adjusts the 
required cooling medium ?oW. As adjusting variables, the 
cooling valve obtains a signal from a control unit, Which in 
addition to other operational and environmental parameters, 
evaluates the temperature of the cooling medium detecting 
by a temperature sensor. In the inventive method the pro 
vision is made that the computer program in the control unit 
determines a reference temperature draWn With respect to 
the measuring position of the temperature sensor, Which is 
compared With a delivered nominal value. The reference 
temperature is determined by addition or subtraction of a 
constant value, by means of a characteristic line, or by a 
model of the cooling system and its relevant temperatures in 
the control unit. The result of the comparison forms the 
adjusting variables for the control valve. Based on this 
provision the control unit is in the position to change fast the 
temperature of the cooling medium to sensibly adjust the 
cooling and heating circuit of the internal combustion 
engine. Advantageously in the full operational region the 
overheating of critical components of the internal combus 
tion engine or the machine oil is prevented and With partial 
load or during starts, internal combustion engine reaches its 
optimal operational temperature in a very short time. 

[0016] When the heat accumulator is unloaded signi? 
cantly or completely the temperature of the heat accumulator 
signi?cantly deviates from the reference temperature. In an 
embodiment of the invention, the temperature of the heat 
accumulator can be calculated by means of a model. The 
model is composed of algorithms Which use the detected 
parameter, such as for eXample the environmental tempera 
ture or the time of running of the internal combustion 
engine, to determine the temperature of the heat accumula 
tor. 

[0017] The control unit then opens the control valve When 
the temperature in the heat accumulator is greater than the 
reference temperature and the reference temperature is 
smaller than the nominal value of the reference temperature 
or the reference temperature is greater/equal to the nominal 
value of the reference temperature and the temperature in the 
heat accumulator is smaller than the nominal value of the 
reference temperature. It closes When the temperature of the 
heat accumulator is smaller/equal to the reference tempera 
ture or the reference temperature is greater/equal to the 
nominal value of the reference temperature and the reference 
temperature is smaller than the nominal value of the refer 
ence temperature or the temperature in the heat accumulator 
is greater/equal than the nominal value of the reference 
temperature. 

[0018] The advantage of this embodiment When compared 
With the ?rst embodiment is that, during start of the internal 
combustion engine With the unloaded heat accumulator the 
control valve is closed When the temperature and the heat 
accumulator is smaller/equal to the reference temperature as 
long as the reference temperature is smaller than the nominal 
value of the reference temperature. This means that, When in 
the starting phase the heat energy in the heat accumulator is 
still available, it is utiliZed and the heat accumulator is 
unloaded. 

[0019] When the temperature of the cooling medium is 
greater than the temperature of the heat accumulator, the 
control valve is closed so that the Waste heat generated 
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during the fuel consumption is completely used for heating 
of the internal combustion engine and the occupant space. 
The heat accumulator is loaded ?rst When the internal 
combustion engine reaches its operational temperature. In 
this case, the control valve is open and is again closed When 
the accumulator can not take any heat. 

[0020] In accordance With a further embodiment of the 
present invention, a temperature sensor is provided Which 
detects the temperature of the heat accumulator directly and 
sends a signal to the control unit. The signal is processed in 
accordance With the algorithm of the previously described 
design, so that the detected temperature has a greater accu 
racy, Which justi?es the use of an additional temperature 
sensor. 

[0021] In all embodiments of the invention, the nominal 
value for the closing of the control valve is preferably 
greater than the nominal value for the opening, so that 
betWeen the opening and the closing of the control valve a 
hysteresis is provided, for avoiding unstable sWitching con 
ditions at loW differences of the temperature signal. Further 
more, it is advantageous When a control device of the 
internal combustion engine is used as a control unit. 

[0022] The novel features Which are considered as char 
acteristic for the present invention are set forth in particular 
in the appended claims. The invention itself, hoWever, both 
as to its construction and its method of operation, together 
With additional objects and advantages thereof, Will be best 
understood from the folloWing description of speci?c 
embodiments When read in connection With the accompa 
nying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] The single FIGURE of the draWings is a vieW 
schematically shoWing a cooling and heating circuit of a 
motor vehicle for performing the method in accordance With 
the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0024] An internal combustion engine 12 is connected 
With a cooling and heating circuit 10, in Which a pump 14 
feeds a cooling medium. The pump 14 can be a pump Which 
is driven by a regulatable electric motor or a pump Which is 
driven mechanically from the internal combustion engine 
12. When needed it has a device for adjustment of the 
heating quantity. It feeds the cooling medium from the 
internal combustion engine 12 through a ?rst cooling 
medium path 28, a bypass conduit, directly back to the 
internal combustion engine 12. Over the cooling medium 
path 12 the cooling medium draWs a very little heat so that 
the internal combustion engine 12 can reach fast an optimal 
operational temperature and With loW emission of damaging 
substances consumes less fuel. 

[0025] Asecond cooling medium path 30 to a main cooler 
16 is provided parallel to the bypass conduit 28. It cooper 
ates With a fan 18 and draWs excessive heat from the cooling 
medium. A?rst control valve 34 is arranged at the branching 
of the second cooling medium path 30 and distributes a 
cooling medium ?oW from the cooler 16 and/or the bypass 
conduit 28. The control valve 30 can be formed as a 3-Way 
valve or as tWo 2-Way valves. An electrically operating 
proportional valve can be used as such a valve. 
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[0026] The cooling medium ?oWs from the internal com 
bustion engine 12 to a heating heat exchanger 20 over a third 
cooling medium path 32 and then back to the internal 
combustion engine 12. The heating heat exchanger 20 serves 
for WithdraWing heat from the cooling medium into a 
passenger space of the motor vehicle. The cooling mediums 
How can be de?nitely reduced through the heating heat 
exchanger 20 by a second control valve 36 provided in the 
cooling medium path 32. A fourth cooling medium path 56 
With a heat accumulator 60 branches from the third cooling 
medium path 32. The heat accumulator 60 is formed for 
example as a latent heat accumulator Which by phase 
conversion of an accumulated medium, for example crys 
talliZation, accumulates large heat quantity over several 
days, and When needed gives up heat to the cooling medium 
With high poWer, for example 100 Wh/min. The cooling 
medium How in the fourth cooling medium path 56 is 
adjusted by a third control valve 54. 

[0027] The cooling medium ?oWs can be regulated by a 
control unit 22. The control unit 22 receives data through 
direct signal conductors or through a data box, for example 
CAN (Control Area Network) and processes them into 
signals for the adjusting devices of the cooling medium 
circuit, Which can be in form of a PWM signals or can be 
sent through the CAN bus. As input signals 40, operational 
and environmental parameters of the internal combustion 
engine can be supplied to the control unit 22, such as for 
example the rotary speed and the temperature of the internal 
combustion engine 12, the speed of the vehicle, as Well as 
the temperature of the surrounding air and the passenger 
space. The temperature of the cooling medium is detected by 
a temperature sensor 26 Which is arranged in the cooling 
medium circuit at the output of the internal combustion 
engine 12. It is transferred in form of an input signal 42 also 
to the control unit 22. Furthermore, a nominal value signal 
38 is introduced in the control program of the control unit 
22, for example the desire for a heat introduction in the 
occupants space Which is adjusted on a service device 24 of 
a heating 20 or a climate device by a driver. 

[0028] After evaluation of the nominal value signal 38 
and/or the input signals 40, 42 the control unit 22 sends an 
output signal 44 to a control device of the pump 14. Thereby 
its feeding poWer and thereby the magnitude of the cooling 
medium volume How is determined in the cooling and 
heating circuit 10 and an output signal 50 is supplied to the 
fan 18 Which determines its poWer and the heat WithdraWal 
through the main cooler 16 is improved, When the tempera 
ture of the cooling medium is very high. The output signals 
46 and 52 control the position of the control valve 34, 36 and 
determine the distribution of the cooling medium ?oWs over 
the corresponding cooling medium paths 28, 30, 32. The 
output signal 48 determines the position of the control valve 
54 and thereby the cooling medium ?oWs through the heat 
accumulator 60. The control valve 54 in accordance With the 
present invention is therefore closed completely or partially, 
When a reference temperature of the remaining cooling and 
heating circuit 10 exceeds a nominal value provided in the 
control unit 22, and opens When the reference temperature is 
beloW the nominal value. The reference temperature is in 
accordance With the input signals 42 and With respect to the 
measuring position of the temperature sensor 26 by addition 
or subtraction of a constant value, by means of a character 
istic line, or by a model of the cooling system 10 and its 
relevant temperatures in the control unit 22. With the inven 
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tive method the temperature of the cooling medium change 
advantageously in a very short time, and the cooling and 
heating circuit 10 of the internal combustion engine is 
adjusted When needed and sensibly. 

[0029] In accordance With one embodiment of the present 
invention, in the control unit 22 in addition the temperature 
of the heat accumulator 60 is calculated by a model Which 
is composed of algorithms, Which use the input signal 38, 
40, 42. The calculated value is compared With the reference 
temperature of the cooling medium, and the result forms the 
adjusting variables of the control valve 54. The control valve 
54 is then adjusted so that the heat accumulator 60 gives up 
the heat energy only When it is needed. When the tempera 
ture in the heat accumulator 60 is greater than a desired 
cooling medium temperature, the How of the cooling 
medium through the heat accumulator 60 is interrupted and 
the undesirable heat introduction is prevented. In addition to 
the discharge, the control valve 54 also is opened for 
charging the heat accumulator 60, and the through ?oWing 
cooling medium gives up heat energy to the heat accumu 
lator 60. The heat accumulator 60 is loaded When the internal 
combustion engine 12 reaches its operational temperature. 

[0030] Afurther embodiment of the invention provides an 
additional temperature sensor 58, Which detects the tem 
perature of the heat accumulator 60 directly and sends an 
input signal 42 to the control unit 22. 

[0031] It Will be understood that each of the elements 
described above, or tWo or more together, may also ?nd a 
useful application in other types of methods differing from 
the types described above. 

[0032] While the invention has been illustrated and 
described as embodied in method of operating a cooling and 
heating circuit of a motor vehicle, it is not intended to be 
limited to the details shoWn, since various modi?cations and 
structural changes may be made Without departing in any 
Way from the spirit of the present invention. 

[0033] Without further analysis, the foregoing Will so fully 
reveal the gist of the present invention that others can, by 
applying current knowledge, readily adapt it for various 
applications Without omitting features that, from the stand 
point of prior art, fairly constitute essential characteristics of 
the generic or speci?c aspects of this invention. 

What is claimed as neW and desired to be protected by 
Letters Patent is set forth in the appended claims. 
1. Amethod for operating a cooling and heating circuit of 

a motor vehicle driven by an internal combustion engine, the 
method comprising the steps providing a ?rst cooling 
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medium path through a bypass conduit; providing a second 
cooling medium path through a main cooler of the internal 
combustion engine; providing a third cooling medium 
through a heating heat exchanger; providing a fourth cooling 
medium path through a heat accumulator; subdividing cool 
ing medium ?oWs through said paths by an electrically 
operated valves; providing the cooling medium ?oWs by at 
least one pump; controlling said valves by a control unit in 
dependence on operational and environmental parameters as 
Well as nominal values; arranging a third control valve 
Which is controlled by said control unit in said fourth cooling 
medium path and closing the third control valve completely 
or partially When a reference temperature of a remaining 
cooling and heating circuit eXceeds a nominal value pro 
vided in said control unit, and opening said third control 
valve When the reference temperature is beloW the nominal 
value. 

2. A method as de?ned in claim 1; and further selecting a 
nominal value for closing of the third control valve to be 
greater than a nominal value for the opening of the third 
control valve. 

3. Amethod as de?ned in claim 1; and further comprising 
providing a temperature sensor in the heat accumulator; and 
opening the third control valve When a temperature of the 
heat accumulator is greater than a reference temperature and 
the reference temperature is smaller than a nominal value of 
the reference temperature, or the reference temperature is 
greater/equal to the nominal value of the reference tempera 
ture and the temperature in the heat accumulator is smaller 
than the nominal value of the reference temperature; and 
closing the third control valve When the temperature in the 
heat accumulator is smaller/equal to the reference tempera 
ture or the reference temperature is greater/equal to the 
nominal value of the reference temperature and the reference 
temperature is smaller than the nominal value of the refer 
ence temperature or the temperature in the heat accumulator 
is greater/equal to the nominal value of the reference tem 
perature. 

4. Amethod as de?ned in claim 1; and further comprising 
providing a hysteresis betWeen the opening and the closing 
of the third control valve. 

5. Amethod as de?ned in claim 1; and further comprising 
measuring the temperature of the heat accumulator directly 
by a temperature sensor. 

6. Amethod as de?ned in claim 1; and further comprising 
using as the control unit a control device of the internal 
combustion engine. 


