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(57) Abrégé/Abstract:

A vehicle heating system comprises a fuel-operated heater (16) with a burner area (18), with a combustion air blower (20) for
feeding combustion air to the burner area (18), with a fuel pump (26) for feeding fuel (18) [sic — Tr.Ed.] to the burner area [sic — (18)
— Tr.Ed.] and with an actuating device (40) for actuating the combustion air blower (20) and the fuel pump (26), wherein the
actuating device (40) is configured to actuate the combustion air blower (20) and the fuel pump (26) to carry out a fording
operation upon receipt of a fording state information.
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Abstract

A vehicle heating system comprises a fuel-operated heater (16) with a burner area (18), with a
combustion air blower (20) for feeding combustion air to the burner area (18), with a fuel pump

5  (26) for feeding fuel (18) [sic — Tr.Ed.] to the burner area [sic — (18) — Tr.Ed.] and with an
actuating device (40) for actuating the combustion air blower (20) and the fuel pump (26), wherein
the actuating device (40) is configured to actuate the combustion air blower (20) and the fuel

pump (26) to carry out a fording operation upon receipt of a fording state information.

10  (Figure 1)
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VEHICLE HEATING SYSTEM
Specification

The present invention pertains to a vehicle heating system, comprising a fuel-operated heater with
a burner area, with a combustion air blower for feeding combustion air to the burner area, with a
fuel pump for feeding fuel to the burner area and with an actuating device for actuating the
combustion air blower and the fuel pump, as well as to a process for operating such a vehicle

heating system.

It cannot be ruled out, for example, in case of off-road vehicles that these are operated during
some phases in a fording state, i.e., in a state in which the vehicle is moved in water and thus there
is, in principle, a risk that water will enter via openings different system areas of a vehicle and
damage them. Such a state may also occur in conventional vehicles, for example, in case of

flooded streets or when picking up a boat on a boat trailer.

The object of the present invention is to provide a vehicle heating system and a process for
operating a vehicle heating system, with which damage to the vehicle heating system, which is

caused by a fording state, is avoided.

According to one aspect of the present invention, this object is accomplished by a vehicle heating
system comprising a fuel-operated heater with a burner area, with a combustion air blower for
feeding combustion air to the burner area, with a fuel pump for feeding fuel to the burner area and
with an actuating device for actuating the combustion air blower and the fuel pump, wherein the
actuating device is configured to actuate the combustion air blower and the fuel pump to carry out

a fording operation upon receipt of fording state information.

Steps are taken in the vehicle heating system according to the present invention to protect the
heater from the entry of water when a fording state or the risk of occurrence of a fording state

occurs.

These steps may provide, for example, for the actuating device to be configured to actuate the

combustion air blower for operation at a fording operation speed or/and at a fording operation feed
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rate and to put the fuel pump out of operation or/and to keep it out of operation in order to carry
out the fording operation. A back pressure preventing the entry of water via an exhaust system or
via a waste gas outlet area of the heater is built up by the air pressure generated by feeding
combustion air or air. Since the fuel pump is deactivated or remains deactivated, the escape of
unburned fuel is prevented. The above explanations show that the carrying out of a fording
operation or the corresponding actuation of the combustion air blower and of the fuel pump may
also comprise a state in which the fuel pump, which was not being operated before when the
heater was deactivated, continues to be out of operation. This keeping of the fuel pump out of
operation also represents an actuation of the fuel pump in the sense of the present invention in the

context of the fording operation.

To provide the information showing an existing fording state or a planned fording state, at least
one fording state information generation device may be provided for generating and entering the
fording state information into the actuating device. For example, the fording state generation

device may comprise at least one fording state sensor.

At least one fording state sensor may comprise a water level sensor for a reliable detection of a
fording state. At least one water level sensor may be arranged in the area of a waste gas outlet
area of an exhaust system associated with the heater. As an alternative or in addition, such a water

level sensor may be arranged at the front area or/and at the rear area of a vehicle.

At least one fording state sensor may comprise a temperature sensor in another type of
configuration. Such a temperature sensor, configured, for example, as a flame sensor of the
heater, may be arranged in the area of a waste gas outlet area of the heater or/and in the area of an

exhaust gas outlet of an exhaust system of the heater.

If the fording state information generation device comprises at least one fording state switch,
which can be actuated by a human operator, a human operator, i.e., for example, the driver of a
vehicle, may be given the possibility of preparing the vehicle heating system for this state already

before the occurrence of a fording state.
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Further, the fording state information generation device may comprise a vehicle control device,
which feeds fording state information into a vehicle data bus system. The vehicle control device
may generate this information on the basis of, for example, sensors feeding sensor signals into this
[vehicle control device] [tentative translation because of multiple errors in the original — the
correct wording might be "in dieses einspeisenden Sensoren" on 1. 19-20, p. 3 of the original —
Tr.Ed.], which [sensors] can then also act as fording state sensors in the sense of the present
invention. An actuating device of the heater can capture this information from the vehicle data

bus system and put the heater into a fording operation if necessary.

According to another aspect, the object is accomplished by a process for operating a vehicle
heating system, preferably a vehicle heating system configured according to the present invention,
said vehicle heating system comprising a fuel-operated heater with a burner area, with a
combustion air blower for feeding combustion air to the burner area, with a fuel pump for feeding
fuel to the burner area and with an actuating device for actuating the combustion air blower and
the fuel pump, comprising the steps of

a) generating fording state information indicating an existing or planned fording state of the

vehicle and entering the fording state information into the actuating device, and
b) actuating the combustion air blower and the fuel pump to carry out a fording operation

after receipt or/and processing of the fording state information in the actuating device.

The combustion air blower may be operated during step b) at a fording operation speed or/and at a
fording operation feed rate, for example, at a maximum possible speed, and the fuel pump may be
put out of operation or/and kept out of operation in order to avoid the release of unburned fuel to

the outside.
The fording state information may be generated in step a) by actuating a fording state switch.
To increase the operational reliability, provisions may be made for the fording state information

being generated in step a) by at least one water level sensor detecting a water level in the area of a

vehicle.
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In a variant that can be embodied in a structurally simple manner, the fording state information
may be generated in step a) by a flame sensor of the heater, which flame sensor is configured as a
temperature sensor. For example, the change over time of an output signal reflecting a
temperature in the area of the flame sensor may be analyzed for this such that the presence of a
fording state is detected when a gradient of the output signal drops below a predefined negative

threshold value.

The present invention further pertains to a vehicle comprising a vehicle heating system having the
configuration according to the present invention, which is preferably operated with a process

according to the present invention.

Provisions are preferably made in such a vehicle for a combustion air inlet area of the combustion
air blower to be arranged in a vertical direction above a waste gas outlet area of the burner area
or/and above an exhaust gas outlet area of an exhaust system associated with the heater. The entry

of water via the combustion air inlet area can thus be prevented.

The present invention will be described below with reference to Figure 1, which shows a vehicle

equipped with a vehicle heating system in a schematic diagram.

A vehicle equipped with a vehicle heating system 10 is generally designated by 12 in Figure 1.
The vehicle heating system 10 comprises a fuel-operated heater 16 arranged, for example, in or
close to an engine compartment provided in a front area 14 of the vehicle 12. The heater 16
comprises a burner area 18 with a combustion chamber formed in it and with a heat exchanger
area, in which the heat of combustion generated in the heater 16 can be transferred to a medium to
be heated, for example, the air to be introduced into a vehicle interior. The heater 16 further
comprises a combustion air blower 20, by which the combustion air necessary for the combustion
can be fed into the burner area 18. The combustion air blower 20 comprises a combustion air inlet
area 22, which may be provided, for example, directly at a housing of the combustion air blower

20 or at a combustion air guide area 24 leading away therefrom.
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The fuel necessary for the combustion with the combustion air is fed into the burner area 18 by a
fuel pump 26 from a tank 30 positioned, for example, in or close to a rear area 28 of the vehicle
12.

The mixture of combustion air and fuel, which is formed in the combustion chamber of the burner
area 18, is burned and the combustion waste gases generated in the process leave the heater 16 via
a waste gas outlet area 32 or an exhaust system 34 arranged downstream of this. The exhaust
system 34 may comprise, for example, a muffler or/and an exhaust gas purification device and it
releases the waste gas discharged from the burner area 18 to the environment via an exhaust gas

outlet area 38.

The vehicle heating system 10 comprises, in association with the heater 16, an actuating device 40,
which may also be integrated, for example, into the heater 16. This [actuating device] is
configured to control the operation of the heater 16 by actuating especially the combustion air
blower 20 and the fuel pump 26 and to regulate it on the basis of feedback information. In
particular, the actuating device 40 may be configured to operate the combustion air blower 20 at a
speed or feed rate necessary for a certain heating operation by applying a suitable voltage. To
introduce the quantity of fuel necessary for a desired combustion operation, the actuating device
40 may be configured to actuate the fuel pump 26, which may be configured, for example, as a
feed pump with a reciprocating piston, such that it operates at a corresponding cycle frequency for

feeding the necessary quantity of fuel.

If such a vehicle 12 is operated in a fording state, i.e., in a state, in which especially the lower area
of the vehicle 12 is moved in water or stands in water and thus there is a potential risk that water
could enter the heater 16 via the exhaust system 34 and damage this, the vehicle heating system 10

is put into a state in which it operates in a fording operation.

It is necessary for this first to provide information by a fording state information generation device
generally designated by 42 and to enter it into the actuating device 40, so that the actuating device

40 can take steps protecting the heater 16.
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The fording state information generation device 42 may comprise, for example, a fording state
switch 44. This may be accommodated in the area of a dashboard of the vehicle 12 and it gives
the driver of the vehicle 12 the possibility of generating fording state information by actuating the
fording state switch 44, and this fording state information is entered into the actuating device 40.
Based on this fording state information, the actuating device 40 actuates the heater 12 [sic — 16 —
Tr.Ed.] to change over into the fording operation such that the combustion air blower 20 is
operated, for example, at a speed or feed rate predefined for the fording operation. This speed
may correspond, for example, to a very high speed or to a speed that is the maximum possible
speed for the combustion air blower 20 or for a feed wheel driven by an electric motor, in order to
feed the maximum possible quantity of air into the burner area 18 and via this into the exhaust
system 34. The actuating device 40 may be configured for this, for example, to apply an operating
voltage with a duty factor predefined for the fording operation to the electric motor of the

combustion air blower 20.

In case of a changeover to the fording operation, the actuating device 40 actuates the fuel pump 26
such that if it was put into operation before for carrying out a combustion operation of the heater
20 [sic — 16 — Tr.Ed.], it is put out of operation and the feeding of fuel into the burner area 18 is
thus stopped. If the fuel pump 26 had not been in operation before the fording state information
was received, which means that the heater 16 was likewise not being operated in the heating mode,
the fuel pump 26 is kept by the actuating device 40 out of operation for the fording operation or
during the fording operation, which ultimately means that no actuating signal that would put the

fuel pump 26 into operation is sent to the fuel pump.

Due to the feeding of fuel into the burner area 18 being stopped or prevented during the fording
operation, it is ensured that no unburned fuel is released during the fording operation into the
exhaust system 34 and via this into the environment. Since combustion would not be possible in
the burner area 18 under proper conditions or it would stop when a fording state occurs and, for
example, water slightly enters via the exhaust system 34 due to the rising back pressure, it is
actively ensured at the time of a changeover into the fording operation that the combustion is

ended in a defined manner.
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By actuating the fording state switch 44, the driver of the vehicle 12 can put the vehicle heating
system 10 or the heater 16 thereof anticipatorily into the fording operation already when the risk of
a fording operation can be detected or a fording operation shall be brought about intentionally.
After ending the fording operation, the generation of the fording state information can be ended by
repeatedly actuating the fording state switch 44, or information, which shows to the actuating
device 40 that the fording state is ended and the normal operation of the heater 16 can again be

resumed, if necessary, can be generated.

In order to make it possible to provide information that indicates the occurrence or the presence of
a fording state as an alternative or in addition to the generation of the fording state information by
the fording state switch 44 of the actuating device 40, the fording state information generation
device 42 may comprise at least one fording state sensor generally designated by 46. This [sensor]
may comprise, for example, a water level sensor 50 arranged close to the exhaust gas outlet area
38, i.c., also close to an underbody 48 of the vehicle 12. The water level sensor 50 may be
configured, for example, to indicate a water level reaching it and accordingly to enter fording state
information into the actuating device 40. For example, the water level sensor 50 may be
configured for this as a water sensor or with a float, which closes or interrupts an electrical contact
when a correspondingly high water level develops. It is also possible, in principle, to configure
such a water level sensor as a temperature sensor. The actuating device 40 can also take the
above-operated [sic — above-described — "vorangehend betriebenen” on 1. 31, p. 8 is an obvious
typo for "vorangehend beschriebenen" — Tr.Ed.] steps to put the heater 16 into the fording
operation when the fording state information is generated in this manner, i.e., when it is detected

by means of a sensor.

As an alternative or in addition, a flame sensor 52, which is associated with the heater 16 and is
configured as a temperature sensor, may be used as a fording state sensor 46 in order to enter
information corresponding to the occurrence of a fording state into the actuating device 40. Such
a flame sensor may be positioned at the heater 16, for example, close to the waste gas outlet area
32 of the burner area 18 or close to the exhaust gas outlet area 38 of the exhaust system 34 in order
to make it possible, in principle, to infer the quality or the presence of a state of combustion or to
output corresponding information in the form of a temperature signal by detecting the temperature

of the combustion waste gases. If a fording state occurs, during which water enters the exhaust
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system 34 due to a rising water level especially with the combustion operation running and it also
reaches the flame sensor 52, this is spontaneously cooled by the water. This causes the
temperature signal sent by the flame sensor 52 to indicate an abrupt temperature drop, which
indicates the occurrence of a fording state. By analyzing the temperature signal, for example, in
the actuating device 40, especially the gradient of the temperature signal over time, the occurrence
of a fording state can be inferred if this [gradient] drops below a predefined negative threshold
value based on the great drop in temperature and hence in the temperature signal, whereupon the
actuating device 40 can then put the heater 16 into the fording operation in the above-described

manner.

Even if the heater 16 was not in the combustion operation and the flame sensor 52 sends a
temperature signal that reflects a temperature that is present at this time in the area of the heater 16
and may be close, for example, to the ambient temperature or somewhat above the ambient
temperature due to the positioning in the engine compartment 14, the entry of water into the
exhaust system 34 leads, when this water reaches the flame sensor 52, based on the circumstance
that this water has, in general, a temperature different from the ambient temperature, to a
correspondingly abrupt change in the temperature detected by the flame sensor 52 and to a
correspondingly great drop of the temperature signal, which drop can be detected by analyzing the
temperature gradient in the above-described manner and can be used as an indicator of the

occurrence of a fording state.

In its front area 14 and in its rear area 28, for example, in the area of a front spoiler or of a rear
spoiler, the vehicle 12 shown in Figure 1 further has a water level sensor 54, 56 each, which
provides a respective water level sensor 46 or is used as such. If the vehicle 12 is moving forward
or backward into water on a downward sloping terrain, the vehicle will first come into contact
with water with the areas in which the water level sensors 54, 56 are arranged, and a contact of the
wheels of the vehicle with water, which contact was already present before, is left out of
consideration. The water level sensors 54, 56, which send a corresponding signal on contact with
water and which may equally be configured with a float, as temperature sensors or as moisture
sensors, enter corresponding sensor signals into a control device 58 of the vehicle 12. This control
device 58 can provide fording state information on the basis of the signals sent by the water level

sensors 54, 56 and feed them into a vehicle data bus system 60. Different systems of the vehicle
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12 can access this information via the vehicle data bus system 60, for example, in order to close
ventilating valves in the presence of this information, to close the windows and the like, in order to
prevent water from entering the interior of the vehicle. The actuating device 40 may also be
linked to the vehicle data bus system 60 for the data exchange and hence access this information
indicating the occurrence of a fording state in the vehicle data bus system 60 and correspondingly

put the heater 16 into the fording operation in the presence of this information.

The control device 58 thus provides the fording state information generation device 42 or a part
thereof. The sensor signals of the water level sensors 54, 56 provide the essential basis for the
information fed by the control device 58 into the vehicle data bus system 60. Thus, fording state
information can be provided directly in the sense of the present invention by such a sensor signal,
which triggers corresponding actuating steps, for example, in the actuating device 40, but it may
also be provided by information provided, for example, in the actuating device 40 or in the control
device 58 by an analysis of a sensor signal of a sensor, which also acts as a fording state sensor or

acts exclusively as a fording state sensor.

A back pressure, which can prevent water from entering into the area of the burner area 18, is built
up in the vehicle heating system 10 according to the present invention and in the process for
operating same due to the combustion air blower 20 being actuated in the fording operation to feed
combustion air or generally air through the heater 16 and hence also through the exhaust system
34 thereof. The risk that water could also enter the combustion air blower 20 via the combustion
air inlet area 22 and hence the heater 16 via this combustion air blower is therefore ruled out, in
general, because, as is schematically suggested in Figure 1, the combustion air inlet area 22 is
positioned markedly higher in a vertical direction H, which generally corresponds to a vertical
direction, than the waste gas outlet area 32 of the heater 16 or the exhaust gas outlet arca 38 of the
exhaust system 34, which outlet area may be positioned, for example, at a height level
corresponding to the level of the underbody 48. For example, the combustion air inlet area 22
may be positioned in the vertical direction H such that it is located above a maximum expectable

water level for an allowable fording operation of the vehicle 12.
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CLAIMS:

1. A vehicle heating system, comprising a fuel-operated heater (16) with a burner
area (18), with a combustion air blower (20) for feeding combustion air to the burner area
(18), with a fuel pump (26) for feeding fuel to the burner area (18) and with an actuating
device (40) for actuating the combustion air blower (20) and the fuel pump (26), wherein
the actuating device (40) is configured to actuate the combustion air blower (20) and the
fuel pump (26) to carry out a fording operation upon receipt of fording state information,
wherein a fording state information generation device (42) is provided for generating and
entering the fording state information into the actuating device (40), wherein the fording
state information generation device (42) comprises one or more fording state sensors
(46), wherein at least one of the one or more fording state sensors (46) comprises a

temperature sensor configured as a flame sensor (52) of the heater (16).

2. The vehicle heating system in accordance with claim 1, characterized in that the
actuating device (40) is configured to actuate the combustion air blower (20) to operate at
at least one of a fording operation speed and a fording operation feed rate, and the
actuating device (40) is configured to at least one of put the fuel pump (26) out of

operation and keep the fuel pump (26) out of operation to carry out the fording operation.

3. The vehicle heating system in accordance with claim 1 or 2, characterized in that at
least one of the one or more fording state sensors (46) comprises a water level sensor

(50).

4. The vehicle heating system in accordance with claim 3, characterized in that the
water level sensor (50, 54, 56) is arranged at at least one of an exhaust gas outlet (38) of
an exhaust system (34) associated with the heater (16), a front area (14) of a vehicle (12)
and a rear area (28) of the vehicle (12).

10
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5. The vehicle heating system in accordance with any one of claims 1-3,
characterized in that the temperature sensor is arranged at at least one of a waste gas
outlet (32) of the heater (16) and an exhaust gas outlet (38) of an exhaust system
(34) of the heater (16).

6.  The vehicle heating system in accordance with claim 4, characterized in that the
temperature sensor is arranged at at least one of a waste gas outlet (32) of the heater (16)

and the exhaust gas outlet (38) of the exhaust system (34) of the heater (16).

7. The vehicle heating system in accordance with any one of the claims 1-6,
characterized in that the fording state information generation device (42) comprises at

least one fording state switch (44) that can be actuated by a human operator.

8. The vehicle heating system in accordance with any one of the claims 1-7,
characterized in that the fording state information generation device (42) comprises a
vehicle control device (58) feeding the fording state information into a vehicle data

bus system (60).

9. A process for operating a vehicle heating system, the vehicle heating system (10)
comprising a fuel-operated heater (16) with a burner area (18), with a combustion air
blower (20) for feeding combustion air to the burner area (18), with a fuel pump (26) for
feeding fuel to the burner area (18) and with an actuating device (40) for actuating the air
blower (20) and the fuel pump (26), comprising the steps of:

a) generating fording state information indicating an existing or planned fording
state of a vehicle (12) and entering the fording state information into the actuating device
(40), wherein the fording state information is generated by a flame sensor (52) of the

heater (16), which sensor is configured as a temperature sensor,
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b) upon at least one of receipt and processing of the fording state information in
the actuating device (40), actuating the combustion air blower (20) and the fuel pump

(26) to carry out a fording operation.

10. The process in accordance with claim 9, characterized in that the combustion air
blower (20) is operated during step b) at at least one of a fording operation speed and a

fording operation feed rate, and the fuel pump (26) is inactive during step b).

11. The process in accordance with claim 9 or 10, characterized in that the fording state

information is generated in step a) by actuating a fording state switch (44).

12. The process in accordance with any one of the claims 9-11, characterized in that the
fording state information is generated in step a) by at least one water level sensor (50)

detecting a water level at the vehicle (12).

13. The process in accordance with any one of the claims 9-12, characterized in that a
change over time in an output signal reflecting a temperature at the flame sensor (52) is
analyzed such that a presence of a fording state is detected when a gradient of the output

signal drops below a predefined negative threshold value.

14. A vehicle, comprising the vehicle heating system (10) in accordance with any one of
the claims 1-8, which is operated with the process in accordance with any one of the

claims 9-13.

15. A vehicle, comprising the vehicle heating system (10) in accordance with any one of
the claims 1-3, which is operated with the process in accordance with any one of the
claims 9-13, characterized in that a combustion air inlet area (22) of the combustion air

blower (20) is arranged above at least one of a waste gas outlet (32) of the burner area
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(18) and an exhaust gas outlet (38) of an exhaust system (34) associated with the heater

(16) in a vertical direction (H).

16. A vehicle, comprising the vehicle heating system (10) in accordance with claim 4,
which is operated with the process in accordance with any one of the claims 9-13,
characterized in that a combustion air inlet area (22) of the combustion air blower (20) is
arranged above at least one of a waste gas outlet (32) of the burner area (18) and the
exhaust gas outlet (38) of the exhaust system (34) associated with the heater (16) in a

vertical direction (H).

17. A vehicle, comprising the vehicle heating system (10) in accordance with claim 5 or
6, which is operated with the process in accordance with any one of the claims 9-13,
characterized in that a combustion air inlet area (22) of the combustion air blower (20) is
arranged above at least one of the waste gas outlet (32) of the burner area (18) and the
exhaust gas outlet (38) of the exhaust system (34) associated with the heater (16) in a

vertical direction (H).
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