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(54) Controlled nucleate boiling sensor

(57) A nucleate boiling sensor arrangement for liquid
cooling systems, comprising a sensor positioned in a
support structure and at least one nucleation cavity, said
nucleation cavity having a zone of bubble formation, a
portion of the sensor positioned at the zone of bubble
formation so as to detect initiation of a nucleate boiling

state. A method of measuring a nucleate boiling temper-
ature of a surface having at least one nucleation cavity
in liquid cooling systems, comprising the steps of posi-
tioning a portion of a sensor at a zone of bubble formation
of at least one cavity and monitoring a temperature at
said zone of bubble formation to detect initiation of nu-
cleate boiling state.
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Description

Technical Field

[0001] This patent disclosure relates generally to a
temperature measurement arrangement of a cooling cir-
cuit and a related method in which a sensing device may
monitor a surface temperature in a cooling circuit, detect
nucleate boiling or control the boiling state of a liquid
coolant circulating in the cooling circuit.

Background

[0002] This patent disclosure relates generally to the
field of cooling systems for high-temperature generating
apparatuses, such as vehicle engines, and to the field of
low pressure, low temperature boiling systems, for in-
stance in air conditioning (HVAC) and heating ventilation
systems. During operation of the engine, the engine may
be kept in operative mode by using a cooling circuit
wherein a liquid coolant circulates inside the cooling cir-
cuit. A liquid coolant circulating inside the cooling circuit
may transport the heat away from a heat source in order
to prevent overheating of the engine.
[0003] It is often desirable to prevent or control a nu-
cleate boiling state of the liquid coolant in the cooling
circuit, which may enhance the cooling effect significant-
ly. However, an effect known as "film boiling" may occur
when bubbles merge and a coolant vapour layer forms
at the heated surface. This coolant vapour layer sepa-
rates the liquid coolant from the heated surface and can
act as an insulator. At the point where film boiling initiates,
thermal exchange between the surface of the cooling cir-
cuit and the coolant inside the circuit may rapidly de-
crease. The temperature of the heated surface in the
region where film boiling occurs may thus escalate to a
temperature multiple times higher than the saturation
temperature of the coolant. This effect may result in a
surface temperature high enough to cause damage to or
failure of the heated surface material or structure.
[0004] It is known that thermal exchange may be in-
creased by providing cavities in a surface of the cooling
system in contact with the liquid coolant. At a certain wall
superheat temperature, bubbles may form and depart
from the cavities and transport the heat away from the
surface of the cooling system.
[0005] Additionally, in order to control the nucleate boil-
ing state, the cooling system may be influenced to alter
the rate of nucleate boiling. This may be done by activa-
tion of external ventilation units to reduce coolant tem-
perature, increasing the speed of the coolant flow for
transporting the heat away from the heat source, or any
other suitable procedures to alter the boiling state .
[0006] In order to control the cooling system, a sensor
may be used to measure the temperature of the cooling
circuit wall to detect bubble departure. In case a meas-
ured temperature exceeds a pre-defined alerting value,
measures could be taken to prevent any damage to the

cooling system, including derating or stopping the engine
until it has cooled down or activating additional cooling
systems, e.g. a fan unit, for providing further cooling.
[0007] Although known sensor arrangements may pro-
vide temperature indication, they may not measure the
temperature accurately, may not provide information
quickly enough or measure the temperature at a suitable
location to fully control a nucleate boiling state.
[0008] There is a desire to precisely measure the tem-
perature of the cooling circuit heated surface during bub-
ble formation and departure and to identify when nucleate
boiling occurs, so as to maintain the circuit in a controlled
nucleate boiling state.
[0009] There is also a need for a nucleate boiling sen-
sor arrangement which is adapted to react quickly, pref-
erably in real-time, to keep a liquid coolant in a nucleation
boiling state

Brief Summary of the Invention

[0010] This patent disclosure relates generally to a nu-
cleate boiling sensor arrangement for liquid cooling sys-
tems, comprising a sensor positioned in a support struc-
ture; and at least one nucleation cavity in a support struc-
ture, said nucleation cavity having a zone of bubble for-
mation, a portion of the sensor positioned at the zone of
bubble formation so as to detect initiation of a nucleate
boiling state.
[0011] According to another aspect of the present dis-
closure, a method of measuring a nucleate boiling tem-
perature of a surface having at least one nucleation cavity
in liquid cooling systems, comprising the steps of posi-
tioning a portion of a sensor at a zone of bubble formation
of at least one cavity and monitoring a temperature at
said zone of bubble formation to detect initiation of nu-
cleate boiling state.
[0012] Yet in another aspect of the present disclosure,
the disclosure describes a nucleate boiling sensor ar-
rangement adapted to measure a temperature of said
liquid coolant in a same plane spanned by said surface.

Brief Description of the Drawings

[0013] The foregoing and other features and advan-
tages of the present disclosure will be more fully under-
stood from the following description of various embodi-
ments, when read together with the accompanying draw-
ings, in which:

Fig. 1 is an illustration of a zone of bubble formation
of a cavity according to the present disclosure;
Fig. 2 is a sectional view of a first embodiment of a
controlled nucleate boiling sensor of a controlled nu-
cleate boiling sensor arrangement according to the
present disclosure;
Fig. 3 is a sectional view of a first embodiment of a
controlled nucleate boiling sensor arrangement ac-
cording to the present disclosure;
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Fig. 4 is a sectional view of a second embodiment
of the controlled nucleate boiling sensor arrange-
ment according to the present disclosure;
Fig. 5 is a sectional view of a third embodiment of
the controlled nucleate boiling sensor arrangement
according to the present disclosure;
Fig. 6 is a sectional view of a fourth embodiment of
the controlled nucleate boiling sensor arrangement
according to the present disclosure;
Fig. 7 is an isometric view of a second embodiment
of the controlled nucleate boiling sensor of a control-
led nucleate boiling sensor arrangement according
to the present disclosure;
Fig. 8 is an isometric view of a third embodiment of
the controlled nucleate boiling sensor of a controlled
nucleate boiling sensor arrangement according to
the present disclosure; and
Fig. 9 is a side cross section view of a fourth embod-
iment of the controlled nucleate boiling sensor of a
controlled nucleate boiling sensor arrangement ac-
cording to the present disclosure.

Detailed Description

[0014] This disclosure generally relates to a controlled
nucleate boiling sensor arrangement for liquid cooling
systems. Particularly, it relates to a sensor arrangement
and process for accurate detection of initiation of a nu-
cleate boiling state and monitoring thereof.
[0015] Fig. 1 illustrates a cavity 12 which may be lo-
cated in a liquid cooling system for instance in a cooling
circuit of a vehicle. Cavity 12 may be formed within a
support structure 18 of the cooling circuit. At a nucleate
boiling state bubbles may form in cavity 12 and depart
therefrom. A bubble may form within a zone of bubble
formation 13 prior to bubble departure. The zone of bub-
ble formation 13 includes the hollow of the cavity 12 and
the proximate region around the aperture of cavity 12 on
surface 11. In the absence of a bubble said areas may
be in contact with a coolant liquid that may circulate
through the coolant circuit. During bubble formation and
prior to bubble departure said areas may be contact with
the vapour of the bubble. Monitoring the temperature at
the zone of bubble formation 13 provides an accurate
gauge of bubble formation to thereby accurately detect
changes in the boiling state.
[0016] In an embodiment the zone of bubble formation
13 may include the periphery 14 around the cavity 12 in
support structure 18. Temperature changes within the
cavity 12 may be accurately detected within the periphery
14.
[0017] In another embodiment having a plurality of cav-
ities 12 each cavity may have a zone of bubble formation
13 such that the plurality of zones may merge to form a
single combined zone of bubble formation 13.
[0018] Fig. 2 illustrates a first embodiment of a control-
led nucleate boiling sensor for a controlled nucleate boil-
ing sensor arrangement according to the present disclo-

sure. A sensor 2 may be constituted by three sections.
A first section 3 having the largest diameter of the sensor
may be in contact with the liquid coolant. In direct contact
with the first section 3 may be a second section 4, which
has a smaller diameter than the first section 3. Attached
to the second section 4 may be a third section 5. A con-
nection element 6 may be connected to third section 5.
The connection element 6 enables the sensor 2 to be
electrically connected to a control system for further
processing of the measurements taken by the sensor 2.
[0019] Section 3 may be formed in any suitable shape.
In an embodiment, first section 3 may have a generally
cylindrical shape. First section 3 may comprise an exter-
nal layer which may include a junction 7 and an insulation
shield 10. Insulation shield 10 may be thermally or elec-
trically insulating. At an end, first section 3 may be con-
nected to second section 4 and, in an embodiment, at
the other end the first section 3 may comprise the junction
7. Junction 7 may be a thin plate and may be in contact
with a surface or a substance, for instance a coolant liq-
uid, for monitoring the temperature thereof. The first sec-
tion 3 may be enclosed on its entire circumference by an
insulation shield 10. The insulation shield 10 may protect
the sensor from damage when the sensor is installed into
the surface of the cooling circuit. The insulation shield 10
may also act as a fastening element when mounted into
surface of the cooling circuit. The insulation shield 10
may be slightly larger in diameter in respect to a hole 16
into which sensor 2 is to be installed so as to press fit the
sensor 2 into the hole 16. The outer surface of the insu-
lation shield 10 may also have a structure to further pro-
vide for a tight fit, such as threads or a knurled structure.
[0020] The first section 3 may be constituted by two
different conducting materials 8 and 9, for instance met-
als. The first material 9 may occupy the entire volume of
section 3 except for an annular centre area. The centre
area may be constituted by a second material 8. The first
8 and second 9 material may aid in monitoring a surface
or a substance through a portion of sensor 2 based on a
thermoelectric effect between the two materials.
[0021] Sensor 2 may detect initiation of a nucleate boil-
ing state at the zone of bubble formation 13 or a combined
zone of bubble formation. In an embodiment, initiation of
a nucleate boiling state may be detected through a por-
tion of sensor 2. The portion of sensor 2 may be junction
7 or a portion of junction 7.
[0022] Fig. 3 illustrates a first embodiment of a control-
led nucleate boiling sensor arrangement 1 for measuring
a temperature in a cooling circuit. In such an arrangement
a sensor 2 may be inserted into the support structure 18
of a cooling circuit. The sensor may be inserted in a hole
16 provided in the support structure 18 of a cooling circuit.
The hole 16 may be shaped to accommodate sensor 2.
The hole 16 may be sized so as to accommodate the
sensor 2 in a press-fit manner. The mounting of the sen-
sor 2 may be achieved by pressing it into the hole 16 with
force so that the sensor 2 may be arranged so as to be
substantially part of the support structure 18. In an em-

3 4 



EP 2 177 733 A1

4

5

10

15

20

25

30

35

40

45

50

55

bodiment, hole 16 may be provided with threading for
receiving and mounting sensor 2. The hole 16 may have
a closed end which may be located in support structure
18. A plurality of cavities 12 may be formed in the support
structure 18 extending into the surface 11. The closed
end 33 of the hole 16 may be positioned in the periphery
14. The periphery 14 may include a border 35. The border
35 may lie between the closed end 33 and the bottom of
the cavities 12. A suitable metal may constitute the sup-
port structure 18. Any suitable form-shaping process,
such as laser treatment or stamping or any other suitable
forming process may be used to obtain the cavity 12 or
the plurality of cavities 12.
[0023] In operative position the sensor 2 may be in-
serted in the hole 16 and junction 7 of the sensor 2 may
abut the closed end 33. The junction 7 may be within the
periphery 14. Surface 11 may be substantially plane in
the region wherein cavities 12 may not be present. A
liquid coolant 34 may be in contact with the surface 11
and the interior of the cavities 12. A bubble 15 may form
at the zone of bubble formation 13 and bubble departure
may signal that a state of nucleate boiling is reached.
The sensor 2 abutting the border 35 may accurately mon-
itor the periphery 14 within the zone of bubble formation
and thereby detect initiating of the nucleate boiling state.
The material used for the parts of a cooling system must
be suitable to withstand heat and must be corrosion-re-
sistant due to the contact with the liquid coolant. Certain
metals, like steel and aluminium fulfil these requirements.
Certain polymers or any other material having similar
characteristics as the metal described above can be
used.
[0024] Fig. 4 illustrates a second embodiment of the
controlled nucleate boiling sensor arrangement 1 com-
prising the sensor 2 in an operative position wherein the
sensor 2 may be mounted in the coolant circuit.
[0025] The sensor arrangement 1 may include the sen-
sor 2, which may be mounted in a hole 16 of a support
structure 18 of a cooling circuit. The hole 16 may be sized
so as to accommodate the sensor 2 in a press-fit manner.
The mounting of the sensor 2 may be achieved by press-
ing it into the hole 16 with force so that the sensor 2 may
be arranged so as to be substantially part of the support
structure 18. Surface 11 of support structure 18 may be
flush with junction 7. By press-fitting the sensor into the
support structure 18 of the cooling system no coolant,
which circulates at the surface 11 of the support structure
18, may escape from the cooling system through the re-
gion of abutment between junction 7 and surface 11.
[0026] The support structure 18 may have a plurality
of cavities 12 on the surface 11. Each of the cavities 12
may be shaped to be substantially cylindrical with an
opening at the surface 11. In an embodiment, each of
the opening may have a diameter which may be lesser
in magnitude than the depth of the cavities 12
[0027] The plurality of cavities 12 may be spaced apart
from the junction 7 so as to form a cluster 17 of cavities
12. Within the cluster 17 the cavities 12 may be arranged

randomly or in regular distances from each other at the
surface 11 of the support structure 18.
[0028] In a nucleate boiling state of the coolant, a bub-
ble 15 may form in the zone of bubble formation 13. The
junction 7 may be positioned so that at least a part of the
bubble 15 may contact the junction 7 of the sensor 2.
The junction 7 may be adapted to monitor the tempera-
ture of the coolant at surface 11 and detect initiation of
nucleate boiling, i.e. when one or more bubbles 15 start
departing from the cavities 12. The junction 7 may also
be in contact with the fluid coolant, vapour of a forming
bubble or residual vapour of a departed bubble for meas-
uring the actual temperature at that location.
[0029] Fig. 5 illustrates a third embodiment of the con-
trolled nucleate boiling sensor arrangement comprising
the sensor 2 according to the disclosure. In this embod-
iment, the sensor 2 may be arranged below the cavities
12 of the support structure 18 of the cooling circuit. Cav-
ities 12 may extend through support structure 18 to a
hole 16 for receiving sensor 2. The junction 7 of the sen-
sor 2 may be arranged so as to be in immediate contact
with the bottom of cavities 12 wherein junction 7 may
form a bottom surface 19 of the cavities 12. The bottom
surface 19 may be in direct contact with the zone of bub-
ble formation 13 and with the fluid coolant, vapour of a
forming bubble or residual vapour of a departed bubble
for measuring the actual temperature at that location. The
plurality of cavities 12 present in the surface 11 of the
support structure 18 may be arranged in regular distanc-
es to each other.
[0030] Fig. 6 illustrates a fourth embodiment of the con-
trolled nucleate boiling sensor arrangement. The control-
led nucleate boiling sensor 2 may be positioned at the
zone of bubble formation 13 of a single cavity. In another
embodiment, the junction 7 of the sensor 2 may form the
bottom surface 19 of a single cavity.
[0031] Fig. 7 illustrates a second embodiment of the
controlled nucleate boiling sensor. A sensor 20, which
may comprise two-parts. One part may be first section
21, which may be substantially cylindrical and may have
an edge 27 at one end. At the other end of first section
21 may be a junction 23 covering a part of the sensor 20,
which may be in contact with a liquid coolant during op-
eration of the sensor 20. At the surface 26 of the junction
23 may be a cavities 24 dispersed thereon.
[0032] Fig. 8 illustrates a third embodiment of the con-
trolled nucleate boiling sensor. At the surface 26 of the
sensor 20 may be a plurality of clusters 28 comprising
cavities 24.
[0033] Sensor 20 may fit into a hole 16 of support struc-
ture 18. Sensor 20 may detect initiation of a nucleate
boiling state at the zone of bubble formation 13 of cavity
24 or at the combined zone of bubble formation. Initiation
of a nucleate boiling state may be detected through a
portion of sensor 20. The portion of sensor 20 may be
junction 23 or a portion of junction 23.
[0034] The cluster 28 may be arranged so as to build
a regular pattern having the equal distances to each other
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or may be arranged in a random configuration. During
initiation of nucleate boiling a bubble 25 may build up at
a cluster 28 so as to cover at least a portion of the cluster
28 or cavity 24 at the surface 26. Junction 12 may be
adapted to measure a temperature when the bubble 25
begins to depart from the surface 26. The junction 23
may be in direct contact with zones of the bubble forma-
tion of the cavities 24 or the combined zone of bubble
formation of the cavities. The junction 23 may also be in
contact with the fluid coolant, vapour of a forming bubble
or residual vapour of a departed bubble for measuring
the actual temperature at that location.
[0035] An accurate temperature measurement may
not be possible if junction 23 is damaged or cavities 24
are corroded. In such an event sensor 20 may be ex-
changed with a new junction 23.
[0036] Fig. 9 illustrates a fourth embodiment of the con-
trolled nucleate boiling sensor. Sensor 40 may comprise
a first section 41. First section 41 may comprise a surface
42. Surface 42 may comprise a cavity 43 or a plurality of
cavities 43. The cavities may be arranged in clusters.
Cavities may be formed by machining into first section 41.
[0037] First section 41 may comprise a junction 44 po-
sitioned below the cavity 43. The junction may be em-
bedded in first section 41 and may be positioned up to
1mm from the surface 42. The junction 44 may be in
direct contact with zones of the bubble formation of the
cavity 43 or the combined zone of bubble formation of a
plurality of cavities 43.
[0038] Sensor 40 may detect initiation of a nucleate
boiling state at the zone of bubble formation 13 of cavity
43. Initiation of a nucleate boiling state may be detected
through a portion of sensor 40. The portion of sensor 40
may be junction 44 or a portion of junction 44.
[0039] In an embodiment, the layer of first section 41
provided on junction 44 may be removably mounted to
the sensor 40. The layer of first section 41 may be welded,
screwed or pressed on the sensor 40.
[0040] Sensor 40 may be mounted into a hole 16 of
support structure 18 by press-fitting or by threading.
[0041] Existing coolant systems may be easily upgrad-
ed with a nucleate boiling sensor arrangement according
to the present disclosure.

Industrial Applicability

[0042] This disclosure describes a controlled nucleate
boiling sensor arrangement, wherein the controlled nu-
cleate boiling sensor is arranged in close vicinity to the
nucleation cavities and in direct contact with a bubble
forming at said cavities.
[0043] The industrial applicability of the controlled nu-
cleate boiling sensor manufactured as part of a cooling
system or temperature controlled process or as an add-
on element as described herein will be readily appreci-
ated from the foregoing discussion. In case a sensor
breaks or the cavities corrode, the sensor with the cavities
thereon can easily be replaced keeping maintenance low

and downtime of the machine to a minimum. The present
disclosure is applicable to cooling systems for, but not
limited to, internal combustion engines.
[0044] Accordingly, this invention includes all modifi-
cations and equivalents of the subject matter recited in
the claims appended hereto as permitted by applicable
law. Moreover, any combination of the above-described
elements in all possible variations thereof is encom-
passed by the invention unless otherwise indicated here-
in.
[0045] Where reference signs follow technical features
mentioned in any claim, the reference signs have been
included for the sole purpose of increasing the intelligi-
bility of the claims. Neither the reference signs nor their
absence have any limiting effect on the technical features
as described above or on the scope of any claim ele-
ments.
[0046] One skilled in the art will realize the invention
may be embodied in other specific forms without depart-
ing from the invention or essential characteristics thereof.
The foregoing embodiments are therefore to be consid-
ered in all respects illustrative rather than limiting of the
invention described herein. The scope of the invention
is thus indicated by the appended claims, rather than by
the foregoing description. Moreover, all changes that
come within the meaning and range of equivalence of
the claims are therefore intended to be embraced therein.

Claims

1. A controlled nucleate boiling sensor arrangement (1)
for liquid cooling systems, comprising:

a sensor (2, 20, 40) positioned in a support struc-
ture (18); and
at least one nucleation cavity (12, 24, 43) having
a zone of bubble formation (13); wherein at least
a portion of the sensor (2, 20) is positioned at
the zone of bubble formation (13).

2. The controlled nucleate boiling sensor arrangement
according to claim 1, wherein said portion of said
sensor (2, 20, 40) is flush with a surface (11) of sup-
port structure (18).

3. The controlled nucleate boiling sensor arrangement
according to claim 2, wherein said support structure
(18) includes a hole (16) for accommodating the sen-
sor (2, 20, 40).

4. The controlled nucleate boiling sensor arrangement
according to claims 2 or 3, wherein the nucleation
cavity (12) is spaced apart from the portion of sensor
(2) and positioned on said support structure (18).

5. The controlled nucleate boiling sensor arrangement
according to claims 1, 2 or 3, wherein the nucleation
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cavity is formed on the portion of sensor ( 20, 40).

6. The controlled nucleate boiling sensor arrangement
according to claim 5, wherein said the portion of sen-
sor (20) is removably mounted on a first section (21).

7. The controlled nucleate boiling sensor arrangement
according to claim 1, wherein said the portion of sen-
sor (2, 20, 40) is positioned at the base of the nucle-
ation cavity (12, 24, 43).

8. The controlled nucleate boiling sensor arrangement
according to any one of the preceding claims com-
prising a plurality of nucleation cavities.

9. The controlled nucleate boiling sensor arrangement
according to claim 8, wherein the plurality of cavities
(24) are grouped in clusters (28).

10. The controlled nucleate boiling sensor arrangement
according to any one of the preceding claims wherein
the portion of said sensor is junction (7, 23, 44).

11. A method of measuring a nucleate boiling tempera-
ture of a surface (11, 26, 42) having at least one
nucleation cavity in liquid cooling systems, compris-
ing the steps of:

- positioning at least portion of a sensor (2, 20,
49) at a zone of bubble formation (13) of at least
one cavity (12, 24, 43); and
- monitoring a temperature at said zone of bub-
ble formation (13).

12. The method of measuring a nucleate boiling temper-
ature of a surface (11, 26, 42) in liquid cooling sys-
tems according to claim 11, wherein said portion of
sensor is arranged so as to substantially form part
of a support structure (18).

13. The method of claim 11 wherein the nucleation cavity
(12) is spaced apart from the portion of sensor (2).

14. The method of claim 11 wherein the nucleation cavity
(12) is integral with the portion of sensor (2).
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