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(54) COOLANT HEATER PROTECTION SYSTEMS AND METHODS

(57) A coolant heating system includes: a coolant
heater including: a housing including: an inlet configured
to receive coolant; and an outlet configured to output
coolant; an electrically resistive heating element that is
disposed within the housing and that is configured to gen-
erate heat when power is applied to the heating element;
and a temperature sensor configured to measure a tem-
perature of coolant within the housing; and a heater con-

trol module configured to: receive the temperature from
the temperature sensor; selectively control application of
power to the heating element based on maintaining the
temperature at or above a predetermined temperature;
selectively detect the presence of a condition based on
the temperature; and when the presence of the condition
is detected, disconnect the heating element from power.
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Description

FIELD

[0001] The present disclosure relates to coolant heat-
ers, such as for internal combustion engines and other
applications, and more particularly to systems and meth-
ods for protecting such coolant heaters.

BACKGROUND

[0002] The background description provided here is for
the purpose of generally presenting the context of the
disclosure. Work of the presently named inventors, to the
extent it is described in this background section, as well
as aspects of the description that may not otherwise qual-
ify as prior art at the time of filing, are neither expressly
nor impliedly admitted as prior art against the present
disclosure.
[0003] Various different types of internal combustion
engines are available. For example, some engines com-
bust gasoline. Other engines combust diesel fuel. Yet
other engines combust natural gas or propane. Other
engines combust other types of fuel and/or gas.
[0004] When an engine is on and running, an engine
coolant can be used to cool the engine. For example, a
coolant pump can be used to pump coolant through the
engine and a heat exchanger while the engine is running.
The coolant absorbs heat from the engine while the cool-
ant is within the engine. Heat is transferred from the cool-
ant to air and diesel fuel when the coolant is within the
heat exchanger.

SUMMARY

[0005] In a feature, a coolant heating system for an
engine includes: a coolant heater including: a housing
including: an inlet configured to receive coolant from the
engine; and an outlet configured to output coolant to the
engine; an electrically resistive heating element that is
disposed within the housing and that is configured to gen-
erate heat when power is applied to the heating element;
and a temperature sensor configured to measure a tem-
perature of coolant within the housing; and a heater con-
trol module configured to: receive the temperature from
the temperature sensor; selectively when the engine is
off, control application of power to the heating element
based on maintaining the temperature at or above a pre-
determined temperature; selectively detect the presence
of a condition based on the temperature; and when the
presence of the condition is detected, disconnect the
heating element from power.
[0006] In further features, the temperature sensor is a
thermistor.
[0007] In further features, the housing is configured to
be located vertically below a vertically lowest point of a
coolant loop of the engine, and no pump is used to pump
coolant between the coolant heater and the engine.

[0008] In further features, a pump is configured to
pump coolant between the coolant heater and the engine.
[0009] In further features, the temperature sensor ex-
tends through the housing and is configured to directly
contact coolant within the housing.
[0010] In further features, the temperature sensor does
not directly contact coolant within the housing.
[0011] In further features, a second temperature sen-
sor is configured to measure a second temperature of
coolant within the housing, where the heater control mod-
ule is configured to receive the second temperature from
the second temperature sensor.
[0012] In further features: the temperature sensor is
configured to measure the temperature of coolant within
the inlet; and the second temperature sensor is config-
ured to measure the second temperature of coolant with-
in the outlet.
[0013] In further features: the condition is at least a
portion of the heating element not being submerged in
coolant; and the heater control module is configured to
selectively detect the presence of the condition based on
the temperature.
[0014] In further features, the heater control module is
configured to detect the presence of the condition when
the temperature is greater than a second predetermined
temperature that is greater than the predetermined tem-
perature.
[0015] In further features, the heater control module is
configured to detect the presence of the condition based
on a rate of increase of the temperature.
[0016] In further features, the heater control module is
configured to detect the presence of the condition when
the rate of increase of the temperature is greater than a
predetermined rate of temperature increase.
[0017] In further features: the condition is low coolant
flow; and the heater control module is configured to se-
lectively detect the presence of the condition based on
the temperature.
[0018] In further features: a second temperature sen-
sor configured to measure a second temperature of cool-
ant within the housing, where the heater control module
is configured to detect the presence of the condition fur-
ther based on the second temperature.
[0019] In further features, the heater control module is
configured to detect the presence of the condition based
on a difference between the temperature and the second
temperature.
[0020] In further features, the heater control module is
configured to detect the presence of the condition when
the difference is greater than a predetermined tempera-
ture difference.
[0021] In further features, a pump is configured to
pump coolant between the coolant heater and the engine,
where the condition is a fault of the pump; and the heater
control module is configured to selectively detect the
presence of the condition based on the temperature.
[0022] In further features, a second temperature sen-
sor is configured to measure a second temperature of
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coolant within the housing, and the heater control module
is configured to detect the presence of the condition fur-
ther based on the second temperature.
[0023] In further features, the heater control module is
configured to detect the presence of the condition when
a difference between the temperature and the second
temperature is greater than a predetermined tempera-
ture difference.
[0024] In a feature, a method includes: receiving a tem-
perature from a temperature sensor, the temperature
sensor configured to measure a temperature of coolant
within a housing of a coolant heater, the coolant heater
including: the housing including: an inlet configured to
receive coolant from an engine; and an outlet configured
to output coolant to the engine; an electrically resistive
heating element that is disposed within the housing and
that is configured to generate heat when power is applied
to the heating element; selectively when the engine is
off, controlling application of power to the heating ele-
ment based on maintaining the temperature at or above
a predetermined temperature; selectively detecting the
presence of a condition based on the temperature; and
when the presence of the condition is detected, discon-
necting the heating element from power.
[0025] Further areas of applicability of the present dis-
closure will become apparent from the detailed descrip-
tion, the claims and the drawings. The detailed descrip-
tion and specific examples are intended for purposes of
illustration only and are not intended to limit the scope of
the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The present disclosure will become more fully
understood from the detailed description and the accom-
panying drawings, wherein:

FIGS. 1A-1B are functional block diagrams of an ex-
ample coolant heater system;

FIGS. 2-3 are cross-sectional views of example im-
plementations of a coolant heater;

FIG. 4 is a functional block diagram of an example
implementation of the heater control module; and

FIG. 5 is a flowchart depicting an example method
of controlling powering of the coolant heater.

[0027] In the drawings, reference numbers may be re-
used to identify similar and/or identical elements.

DETAILED DESCRIPTION

[0028] Various different types of internal combustion
engines are available. For example, some engines com-
bust gasoline. Other engines combust diesel fuel. Yet
other engines combust natural gas or propane. Other

engines combust other types of fuel and/or gas.
[0029] Engines can be used to drive various different
loads. For example, some engines may drive generators
that convert power output by the engine into electrical
power for one or more electrical loads. As another ex-
ample, some engines drive pumps, such as water pumps.
The pumps pump fluid to one or more places. For exam-
ple, water pumps may pump water to sprinkler systems.
[0030] Some types of engines may struggle to combust
fuel at low temperatures. For example, diesel engines
may struggle to combust fuel at low temperatures as die-
sel fuel may incompletely vaporize at low temperatures.
[0031] A coolant heater may be used to heat coolant
supplied to such an engine while the engine is off, for
example, to help prepare the engine for combustion upon
startup of the engine. The coolant heater may heat the
coolant using an electrical (e.g., resistive) heater. The
electrical heater may be damaged, however, when the
electrical heater is not completely submerged in coolant.
[0032] While the example of engines is provided, the
present application is also applicable to coolant heaters
for other applications, such as coolant heaters of electric
vehicles that are used to warm one or more batteries
and/or coolant heaters that are used to warm passenger
cabins of vehicles.
[0033] The present application involves protection sys-
tems and methods for the electrical heater. One or more
temperature sensors, such as thermistors, are used to
measure temperature of coolant within the coolant heat-
er. A control module determines whether or not the elec-
trical heater is completely submerged based on the tem-
perature(s). Detecting whether or not the electrical heater
is completely submerged and/or the presence of one or
more other conditions based on the measurements from
the temperature sensors enables power to the electrical
heater to be discontinued more quickly, such as to pre-
vent damage to the electrical heater.
[0034] FIGS. 1A-1B are functional block diagrams of
example coolant heater systems. An engine 104 com-
busts a mixture of air and fuel to generate torque. The
fuel may be, for example, diesel fuel. The engine 104
outputs torque to a load 108, such as a pump that pumps
a fluid, a generator that converts rotational energy into
electrical energy, or another suitable type of load.
[0035] An engine control module 112 controls whether
the engine 104 is on or off. The engine control module
112 may start the engine 104 and leave the engine 104
on when a predetermined condition is present. For ex-
ample, in the case of the load 108 including a generator,
the engine control module 112 may start and run the en-
gine 104 when incoming electrical power (e.g., from an
alternating current source) is lost or less than a prede-
termined value or one or more other predetermined con-
ditions is/are detected. In the example of the load 108
including a pump (e.g., a water pump for a fire suppres-
sion system), the engine control module 112 may turn
on and run the engine 104 when smoke, fire, or one or
more other predetermined conditions is/are detected.
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The engine control module 112 may turn and maintain
the engine 104 off when the predetermined condition(s)
are not present.
[0036] While the engine 104 is off, a coolant heater
116 may be used to heat coolant and to provide heated
coolant to the engine 104. The heated coolant may help
the engine 104 be able to combust fuel efficiently and
with minimized emissions if the engine 104 is started and
the temperature is low (e.g., less than a predetermined
temperature). Heated coolant flows from the coolant
heater 116 to the engine 104. While within the engine,
heat flows from the coolant to the engine 104. Cooler
coolant exits the engine 104 and returns to the coolant
heater 116 to be heated again. In various implementa-
tions, such as shown in the example of FIG. 1B, a pump
120 may be used to pump the coolant and circulate cool-
ant between the coolant heater 116 and the engine 104.
In the example of FIG. 1A that does not include the pump
120, the coolant heater 116 may be disposed vertically
below the engine 104 as to create a thermosyphon where
warmer coolant rises vertically to the engine 104 and
cooler coolant from the engine falls vertically to the cool-
ant heater 116.
[0037] The coolant heater 116 includes an electrically
resistive heating element that generates heat when elec-
trical power is applied to the heating element. While the
example of one heating element is provided, the coolant
heater 116 may include two or more electrically resistive
heating elements.
[0038] A heater control module 124 controls the appli-
cation of power to the heating element of the coolant
heater 116 and therefore whether heating of the coolant
is occurring. When the engine 104 is off, the heater con-
trol module 124 may apply power to the heating element
based on maintaining one or more measured tempera-
tures of the coolant within the coolant heater 116 above
a predetermined temperature, such as approximately
120-145 degrees Fahrenheit or another suitable temper-
ature. The temperature(s) is/are measured using one or
more temperature sensors 128 that extend into the cool-
ant heater 116 to directly contact coolant within the cool-
ant heater 116. The temperature sensor(s) 128 may be,
for example, thermistors. While the example of the tem-
perature sensors 128 directly contacting the coolant, the
present application is also applicable to the temperature
sensors 128 not directly contacting the coolant.
[0039] As an alternative to bi-metallic disc thermostats
that are mounted to the exterior surface of the coolant
heater 116, locating the temperature sensor(s) 128 ex-
tending into the coolant heater 116 allows for faster sens-
ing and response to an overheat run dry condition of the
heating element where a portion of or all of the heating
element is in direct contact with air and not coolant.
[0040] FIGS. 2-3 are cross-sectional views of example
implementations of the coolant heater 116. The coolant
heater 116 includes one or more heating elements, such
as heating element 204. The heating element 204 is elec-
trically resistive and generates heat when electrical pow-

er is applied to the heating element 204.
[0041] The heating element 204 is disposed within an
exterior housing 208. The housing may be made of, for
example, a metal (e.g., aluminum), a plastic, or another
suitable material. The coolant heater 116 includes an in-
let 212 through which coolant flows into the coolant heat-
er 116 from the engine 104 and a coolant outlet 216
through which coolant flows out of the coolant heater 116
and to the engine 104. In various implementations, the
inlet 212 and the outlet 216 may include threads on inner
or outer surfaces thereof and conduits fluidly connecting
the coolant heater 116 and the engine 104 may be en-
gaged to the inlet 212 and the outlet 216 via threads.
[0042] An inlet temperature sensor 220, such as a first
thermistor, measures a temperature of the coolant within
the inlet 212 (inlet temperature) of the coolant heater.
The inlet temperature sensor 220 extends into the inlet
212 to directly contact coolant within the inlet 212. An
outlet temperature sensor 224, such as a second ther-
mistor, may measure a temperature of the coolant within
the outlet 216 of the coolant heater 116 (outlet temper-
ature). The outlet temperature sensor 224 extends into
the outlet 216 to directly contact coolant within the outlet
216. In various implementations, the outlet temperature
sensor 224 may be omitted.
[0043] The coolant heater 116 may include a coolant
drain port 228, such as on a vertically lower surface of
the housing 208. A plug 232 may plug the coolant drain
port 228 and may be removable from the coolant drain
port 228, such as to allow coolant to be drained.
[0044] As illustrated in FIG. 2, the outlet 216 may be
formed on a vertically upper side of the housing 208, for
example, for the thermosyphon example of FIG. 1A
where the pump 120 is omitted. In this example, the inlet
212 is disposed on the housing 208 vertically below the
outlet 216. The outlet 216 may be formed on another side
of the housing 208 in the example of FIG. 1B where the
pump 120 is included. For example, the outlet 216 may
be formed on a side of the housing 208 and the inlet 212
is disposed (e.g., located) on the housing 208 vertically
above the outlet 216.
[0045] While the example of the inlet temperature sen-
sor 220 being disposed in the inlet 212 and the outlet
temperature sensor 224 being disposed in the outlet 216
is provided, either or both of the sensors 220 and 224
may be disposed in another suitable location.
[0046] FIG. 4 is a functional block diagram of an ex-
ample implementation of the heater control module 124.
One or more switches 404 that connect and disconnect
power to and from the heating element 204. The power
may be alternating current (AC) power or direct current
(DC) power. In various implementations, AC power may
be received, such as from a wall outlet via a power cord.
The heater control module 124 may include an AC to DC
converter that converts the received AC power into DC
and outputs the DC power to the switch(es) 404. The
switch(es) 404 connect the heating element 204 to power
when closed. The switch(es) 404 disconnect the heating
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element 204 from power when open.
[0047] A switch control module 408 controls actuation
(opening and closing) of the switch(es) 404. Generally,
while the engine 104 is off, the switch control module 408
controls opening and closing of the switch(es) 404 based
on maintaining one or more temperatures of the coolant
at or above a predetermined temperature. The predeter-
mined temperature may be, for example, approximately
120 degrees Fahrenheit or another suitable temperature.
The switch control module 408 may, for example, close
the switch(es) 404 when the engine is off and the tem-
perature is less than the predetermined temperature and
maintain the switch(es) 404 closed until the temperature
becomes greater than the predetermined temperature
(or a second predetermined temperature that is greater
than the predetermined temperature). The switch control
module 408 may open the switch(es) 404 when the tem-
perature is greater than the predetermined temperature
(or the second predetermined temperature) and maintain
the switch(es) 404 open until the temperature falls below
the predetermined temperature.
[0048] The temperature may be, for example, the inlet
temperature measured by the inlet temperature sensor
220. Alternatively, the temperature may be the outlet tem-
perature measured by the outlet temperature sensor 224.
In various implementations, the switch control module
408 may determine the temperature based on the inlet
temperature and the outlet temperature. For example,
the switch control module 408 may set the temperature
based on an average of the inlet and outlet tem peratures.
[0049] A condition module 412 detects the presence
of one or more conditions based on the temperature, the
inlet temperature, and/or the outlet temperature. The
switch control module 408 may take one or more actions
when a condition is detected.
[0050] For example, the condition module 412 may de-
tect the presence of air within the coolant heater 116 (and
contacting one or more portions of the heating element
204) when an increase in the temperature over a prede-
termined period is greater than a predetermined rate of
temperature increase. The predetermined rate of in-
crease may be calibrated and may be set, for example,
based on a wattage of the heating element 204, a coolant
flow rate, the predetermined temperature of the coolant,
and/or one or more other parameters. The predetermined
rate of increase may be, for example, approximately 6-10
degrees Fahrenheit per second or another suitable tem-
perature increase rate if a coolant pump 120 is included.
The predetermined rate of increase may be higher if no
coolant pump 120 is included. For example, the prede-
termined rate of increase may be approximately 10-14
degrees Fahrenheit per second or another suitable tem-
perature increase. Detecting the presence of air within
the coolant heater 116 based on the temperature(s)
measured by the temperature sensors 128 is faster than
detecting the presence of that condition based on one or
more temperatures on the housing 208. This decreases
thermal stress on the heating element 204. The temper-

ature sensor(s) 128 are able to detect this condition be-
cause they may partially or completely be in air.
[0051] Additionally or alternatively, the condition mod-
ule 412 may detect the presence of air within the coolant
heater 116 (and contacting one or more portions of the
heating element 204) when the temperature is greater
than a second predetermined temperature that is greater
than predetermined temperature at which the switch con-
trol module 408 attempts to generally maintain the cool-
ant temperature while the engine 104 is off. The second
predetermined temperature may be, for example, ap-
proximately 130-140 degrees Fahrenheit or another suit-
able temperature.
[0052] Additionally or alternatively, the condition mod-
ule 412 may detect a fault in the pump 120 (e.g., low or
no flow) based on a difference (delta) between the inlet
temperature and the outlet temperature. The condition
module 412 may set the difference, for example, based
on or to the inlet temperature minus the outlet tempera-
ture. In various implementations, a magnitude may be
used. For example, the condition module 412 may detect
the fault in the pump 120 when the difference is greater
than a predetermined difference. The predetermined dif-
ference may be calibrated as described above. For ex-
ample only, the predetermined difference may be, for ex-
ample, approximately 10 degrees F or another suitable
temperature difference.
[0053] Additionally or alternatively, in the example of
the pump 120 not being included, the condition module
412 may detect a flow fault (e.g., plugging or low flow)
based on the difference. For example, the condition mod-
ule 412 may detect the flow fault when the difference is
greater than a second predetermined difference. The
second predetermined difference may be calibrated as
described above. For example only, the second prede-
termined difference may be, for example, approximately
8 degrees F or another suitable temperature difference.
If thermostats were used instead of the above, a thermo-
stat would experience rapid cycling if a flow fault or a fault
in the pump 120 occurred. Results of excessive cycling
include inaccurate temperature control of the coolant,
premature thermostat contact wear and/or failure, and
thermal stress to the heating element 204 and other heat-
er components.
[0054] The switch control module 408 may open the
switch(es) 404 and maintain the switch(es) 404 open
when one or more of the conditions above are detected.
In various implementations, after opening the switch(es)
404, the switch control module 408 may close the
switch(es) to restart the coolant heater 116 to determine
whether the condition is still present. This may prevent
nuisance errors.
[0055] One or more other actions may additionally be
taken when one or more of the conditions above are de-
tected. For example, a reporting module 416 may output
an indicator of the one or more of the conditions detected.
The reporting module 416 may, for example, transmit the
indicator to a computing device or account (e.g., email,
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phone number) 420 associated with an owner, manager,
or operator. Additionally or alternatively, the reporting
module 416 may turn on a visual indicator (e.g., a light)
424 and/or audible indicator (e.g., a speaker) 428 when
one or more of the conditions above are detected. The
reporting module 416 may, for example, turn the visual
indicator 424 and/or the audible indicator 428 on and off
according to one or more predetermined patterns indic-
ative of the presence of the one or more of the conditions,
respectively, above are detected. This may aid a service
technician in more easily diagnosing the condition(s) de-
tected.
[0056] FIG. 5 is a flowchart depicting an example meth-
od of controlling powering of the coolant heater 116. Con-
trol begins with 504 where the switch control module 408
may determine whether the engine 104 is off. For exam-
ple, the engine control module 112 may transmit a signal
to the heater control module 124 indicating whether the
engine 104 is on or off. If 504 is true, control continues
with 508. If 504 is false, control may remain at 504. The
switch control module 408 may leave the coolant heater
116 off and not apply power to the heating element 204
when the engine 104 is on.
[0057] At 508, the switch control module 408 and the
condition module 412 receives at least one of the inlet
and outlet temperatures. The condition module 412 may
determine the temperature based on the inlet and outlet
temperatures. The condition module 412 may determine
the temperature difference as described above.
[0058] At 512, the switch control module 408 may apply
power to the heating element 204 based on maintaining
the temperature of the coolant in the engine at or above
the predetermined temperature (e.g., approximately 120
degrees F). At 516, the condition module 412 determines
whether one or more of the conditions above are present.
If 516 is false, control may return to 504 and continue
controlling the application of power to the heating ele-
ment 204 based on maintaining the temperature of the
coolant in the engine 104 at or above the predetermined
temperature (e.g., approximately 120 degrees F). If 516
is true, control continues with 520.
[0059] At 520, the switch control module 408 opens
the switch(es) 404 and disconnects the heating element
204 from power. This is to prevent damaging the heating
element 204 and/or one or more other components. The
heater control module 124 may also turn off the pump
120 if included at 520. At 524, the reporting module 416
may output the indicator of the one or more conditions
detected. One or more other actions may also be taken
at 524. For example, after maintaining the heating ele-
ment 204 disconnected for a predetermined period, the
switch control module 408 may close the switch(es) 404
and re-connect the heating element 204 to power. The
switch control module 408 may also turn on the pump
120 if included. The condition module 412 may then de-
termine whether the one or more detected conditions re-
main. If so, the switch control module 408 may open the
switch(es) 404 and maintain the switch(es) 404 open until

maintenance is performed to remedy the detected con-
dition(s). Control may return to 504 after 524, or wait for
an intervention, such as a power reset.
[0060] The foregoing description is merely illustrative
in nature and is in no way intended to limit the disclosure,
its application, or uses. The broad teachings of the dis-
closure can be implemented in a variety of forms. There-
fore, while this disclosure includes particular examples,
the true scope of the disclosure should not be so limited
since other modifications will become apparent upon a
study of the drawings, the specification, and the following
claims. It should be understood that one or more steps
within a method may be executed in different order (or
concurrently) without altering the principles of the present
disclosure. Further, although each of the embodiments
is described above as having certain features, any one
or more of those features described with respect to any
embodiment of the disclosure can be implemented in
and/or combined with features of any of the other em-
bodiments, even if that combination is not explicitly de-
scribed. In other words, the described embodiments are
not mutually exclusive, and permutations of one or more
embodiments with one another remain within the scope
of this disclosure.
[0061] Spatial and functional relationships between el-
ements (for example, between modules, circuit ele-
ments, semiconductor layers, etc.) are described using
various terms, including "connected," "engaged," "cou-
pled," "adjacent," "next to," "on top of," "above," "below,"
and "disposed." Unless explicitly described as being "di-
rect," when a relationship between first and second ele-
ments is described in the above disclosure, that relation-
ship can be a direct relationship where no other interven-
ing elements are present between the first and second
elements, but can also be an indirect relationship where
one or more intervening elements are present (either
spatially or functionally) between the first and second el-
ements. As used herein, the phrase at least one of A, B,
and C should be construed to mean a logical (A OR B
OR C), using a non-exclusive logical OR, and should not
be construed to mean "at least one of A, at least one of
B, and at least one of C."
[0062] In the figures, the direction of an arrow, as in-
dicated by the arrowhead, generally demonstrates the
flow of information (such as data or instructions) that is
of interest to the illustration. For example, when element
A and element B exchange a variety of information but
information transmitted from element A to element B is
relevant to the illustration, the arrow may point from ele-
ment A to element B. This unidirectional arrow does not
imply that no other information is transmitted from ele-
ment B to element A. Further, for information sent from
element A to element B, element B may send requests
for, or receipt acknowledgements of, the information to
element A.
[0063] In this application, including the definitions be-
low, the term "module" or the term "controller" may be
replaced with the term "circuit." The term "module" may
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refer to, be part of, or include: an Application Specific
Integrated Circuit (ASIC); a digital, analog, or mixed an-
alog/digital discrete circuit; a digital, analog, or mixed an-
alog/digital integrated circuit; a combinational logic cir-
cuit; a field programmable gate array (FPGA); a proces-
sor circuit (shared, dedicated, or group) that executes
code; a memory circuit (shared, dedicated, or group) that
stores code executed by the processor circuit; other suit-
able hardware components that provide the described
functionality; or a combination of some or all of the above,
such as in a system-on-chip.
[0064] The module may include one or more interface
circuits. In some examples, the interface circuits may in-
clude wired or wireless interfaces that are connected to
a local area network (LAN), the Internet, a wide area net-
work (WAN), or combinations thereof. The functionality
of any given module of the present disclosure may be
distributed among multiple modules that are connected
via interface circuits. For example, multiple modules may
allow load balancing. In a further example, a server (also
known as remote, or cloud) module may accomplish
some functionality on behalf of a client module.
[0065] The term code, as used above, may include
software, firmware, and/or microcode, and may refer to
programs, routines, functions, classes, data structures,
and/or objects. The term shared processor circuit encom-
passes a single processor circuit that executes some or
all code from multiple modules. The term group proces-
sor circuit encompasses a processor circuit that, in com-
bination with additional processor circuits, executes
some or all code from one or more modules. References
to multiple processor circuits encompass multiple proc-
essor circuits on discrete dies, multiple processor circuits
on a single die, multiple cores of a single processor cir-
cuit, multiple threads of a single processor circuit, or a
combination of the above. The term shared memory cir-
cuit encompasses a single memory circuit that stores
some or all code from multiple modules. The term group
memory circuit encompasses a memory circuit that, in
combination with additional memories, stores some or
all code from one or more modules.
[0066] The term memory circuit is a subset of the term
computer-readable medium. The term computer-reada-
ble medium, as used herein, does not encompass tran-
sitory electrical or electromagnetic signals propagating
through a medium (such as on a carrier wave); the term
computer-readable medium may therefore be consid-
ered tangible and non-transitory. Non-limiting examples
of a non-transitory, tangible computer-readable medium
are nonvolatile memory circuits (such as a flash memory
circuit, an erasable programmable read-only memory cir-
cuit, or a mask read-only memory circuit), volatile mem-
ory circuits (such as a static random access memory cir-
cuit or a dynamic random access memory circuit), mag-
netic storage media (such as an analog or digital mag-
netic tape or a hard disk drive), and optical storage media
(such as a CD, a DVD, or a Blu-ray Disc).
[0067] The apparatuses and methods described in this

application may be partially or fully implemented by a
special purpose computer created by configuring a gen-
eral purpose computer to execute one or more particular
functions embodied in computer programs. The function-
al blocks, flowchart components, and other elements de-
scribed above serve as software specifications, which
can be translated into the computer programs by the rou-
tine work of a skilled technician or programmer.
[0068] The computer programs include processor-ex-
ecutable instructions that are stored on at least one non-
transitory, tangible computer-readable medium. The
computer programs may also include or rely on stored
data. The computer programs may encompass a basic
input/output system (BIOS) that interacts with hardware
of the special purpose computer, device drivers that in-
teract with particular devices of the special purpose com-
puter, one or more operating systems, user applications,
background services, background applications, etc.
[0069] The computer programs may include: (i) de-
scriptive text to be parsed, such as HTML (hypertext
markup language), XML (extensible markup language),
or JSON (JavaScript Object Notation) (ii) assembly code,
(iii) object code generated from source code by a com-
piler, (iv) source code for execution by an interpreter, (v)
source code for compilation and execution by a just-in-
time compiler, etc. As examples only, source code may
be written using syntax from languages including C, C++,
C#, Objective-C, Swift, Haskell, Go, SQL, R, Lisp, Java®,
Fortran, Perl, Pascal, Curl, OCaml, Javascript®, HTML5
(Hypertext Markup Language 5th revision), Ada, ASP
(Active Server Pages), PHP (PHP: Hypertext Preproc-
essor), Scala, Eiffel, Smalltalk, Erlang, Ruby, Flash®, Vis-
ual Basic®, Lua, MATLAB, SIMULINK, and Python®.

Claims

1. A coolant heating system for an engine, comprising:

a coolant heater including:

a housing including:

an inlet configured to receive coolant
from the engine; and
an outlet configured to output coolant
to the engine;

an electrically resistive heating element that
is disposed within the housing and that is
configured to generate heat when power is
applied to the heating element; and
a temperature sensor configured to meas-
ure a temperature of coolant within the
housing; and

a heater control module configured to:
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receive the temperature from the tempera-
ture sensor;
selectively control application of power to
the heating element based on maintaining
the temperature at or above a predeter-
mined temperature;
selectively detect the presence of a condi-
tion based on the temperature; and
when the presence of the condition is de-
tected, disconnect the heating element from
power.

2. The coolant heating system of claim 1 wherein the
housing is configured to be located vertically below
a vertically lowest point of a coolant loop of the en-
gine, and no pump is used to pump coolant between
the coolant heater and the engine.

3. The coolant heating system of claim 1 wherein the
temperature sensor extends through the housing
and is configured to directly contact coolant within
the housing.

4. The coolant heating system of claim 1 wherein the
temperature sensor does not directly contact coolant
within the housing.

5. The coolant heating system of claim 1 further com-
prising a second temperature sensor configured to
measure a second temperature of coolant within the
housing,
wherein the heater control module is configured to
receive the second temperature from the second
temperature sensor.

6. The coolant heating system of claim 5 wherein:

the temperature sensor is configured to meas-
ure the temperature of coolant within the inlet;
and
the second temperature sensor is configured to
measure the second temperature of coolant
within the outlet.

7. The coolant heating system of claim 1 wherein:

the condition is at least a portion of the heating
element not being submerged in coolant; and
the heater control module is configured to se-
lectively detect the presence of the condition
based on the temperature.

8. The coolant heating system of claim 7 wherein the
heater control module is configured to detect the
presence of the condition when the temperature is
greater than a second predetermined temperature
that is greater than the predetermined temperature.

9. The coolant heating system of claim 7 wherein the
heater control module is configured to detect the
presence of the condition based on a rate of increase
of the temperature.

10. The coolant heating system of claim 1 wherein:

the condition is low coolant flow; and
the heater control module is configured to se-
lectively detect the presence of the condition
based on the temperature.

11. The coolant heating system of claim 10 further com-
prising:

a second temperature sensor configured to
measure a second temperature of coolant within
the housing,
wherein the heater control module is configured
to detect the presence of the condition further
based on the second temperature.

12. The coolant heating system of claim 11 wherein the
heater control module is configured to detect the
presence of the condition based on a difference be-
tween the temperature and the second temperature.

13. The coolant heating system of claim 1 further com-
prising a pump configured to pump coolant between
the coolant heater and the engine,

wherein the condition is a fault of the pump; and
the heater control module is configured to se-
lectively detect the presence of the condition
based on the temperature.

14. The coolant heating system of claim 13 further com-
prising:

a second temperature sensor configured to
measure a second temperature of coolant within
the housing,
wherein the heater control module is configured
to detect the presence of the condition further
based on the second temperature.

15. A method, comprising:

receiving a temperature from a temperature
sensor, the temperature sensor configured to
measure a temperature of coolant within a hous-
ing of a coolant heater,
the coolant heater including:

the housing including:

an inlet configured to receive coolant
from an engine; and
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an outlet configured to output coolant
to the engine;

an electrically resistive heating element that
is disposed within the housing and that is
configured to generate heat when power is
applied to the heating element;

selectively controlling application of power to the
heating element based on maintaining the tem-
perature at or above a predetermined tempera-
ture;
selectively detecting the presence of a condition
based on the temperature; and
when the presence of the condition is detected,
disconnecting the heating element from power.
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