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FIG. 8

(57) Abstract: The present disclosure relates to a heat transfer apparatus (1) for a housing (6), such as a transmission housing (6).
The heat transfer apparatus (1) has an internal wall (10) for contacting a liquid in the housing; and an external wall (9) for contacting
a cooling fluid. One or more heat transter chamber (13) is disposed between the internal wall (10) and the external wall (9). A heat
transfer medium (18) is disposed in each heat transfer chamber (13). Cooling means is provided for cooling the heat transfer medium
(18); and heating means is provided for heating the heat transfer medium (18). The cooling means is disposed above the heating
means. The present disclosure also relates to a housing (6) having one or more heat transfer apparatus (1); and to a vehicle (2) hav-
ing one or more heat transter apparatus (1).
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HEAT TRANSFER APPARATUS

TECHNICAL FIELD

The present disclosure relates to heat transfer apparatus. More particularly, but not
exclusively, the present disclosure relates to a heat transfer apparatus; to a housing
comprising one or more heat transfer apparatus; and to a vehicle comprising one or more
heat transfer apparatus.

BACKGROUND

Transmission and driveline elements which are not coupled to an external thermal
management system (to provide or reject thermal energy to regulate temperature) may
suffer from degraded efficiency during warm-up on a drive cycle, due to lubricants being at
sub-optimal temperatures. To accelerate warm-up, an active heater and/or insulation can be
applied. An active heater requires external energy input, reducing efficiency, and has a high
degree of redundancy (as a non-functional mass in vehicle). Conversely, insulation can
accelerate warm-up, but may require cooling to prevent over-heating when warm-up is
completed. High-intensity drive events may place extreme thermal loads on drivetrain
components. To accommodate these events typically requires an oversized cooling system
(for example an air duct, oil cooler etc.).

At least in certain embodiments, the present invention provides a heat transfer apparatus for
overcoming or ameliorating at least some of the problems associated with prior art systems.

SUMMARY OF THE INVENTION
Aspects of the present invention relate to a heat transfer apparatus; to a housing comprising
one or more heat transfer apparatus; and to a vehicle comprising one or more heat transfer

apparatus.

According to a further aspect of the present invention there is provided heat transfer
apparatus for a housing, the heat transfer apparatus comprising:

an internal wall for contacting a liquid in the housing;

an external wall for contacting a cooling fluid;

one or more heat transfer chamber disposed between said internal wall and said
external wall;

a heat transfer medium being disposed in each heat transfer chamber;

cooling means for cooling the heat transfer medium; and

heating means for heating the heat transfer medium;
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wherein the cooling means is disposed above the heating means. The cooling
means and the heating means are configured to promote convection circulation of the heat
transfer medium in the one or more heat transfer chamber. The cooling means and the
heating means may be arranged to establish a thermal inversion of the heat transfer medium
within the one or more heat transfer chamber. In use, the heat transfer medium circulates
within the one or more heat transfer chamber, thereby promoting the transfer of heat from
the liquid in the housing to the cooling fluid. The liquid may be a lubricant in the housing.
The heat transfer medium typically begins to circulate once a suitable operating temperature
has been reached. The transmission of heat energy from the liquid in the housing may be
reduced below this temperature. Thus, the efficiency of the heat transfer medium in
transmitting heat energy may be reduced at low temperatures, for example during warm-up
in a drive cycle of an internal combustion engine, which may expedite heating of the liquid in
the housing. At least in certain embodiments this may be advantageous to expedite heating
of a liquid, such as a lubricant, in the housing to an operating temperature.

The cooling means may be suitable for cooling the heat transfer medium in an upper portion
of each heat transfer chamber; and the heating means may be suitable for heating the heat
transfer medium in a lower portion of each heat transter chamber. At least in certain
embodiments the heat transfer medium may circulate between said upper and lower portions
of the chamber.

The cooling means may comprise a cooling member. The cooling member may be
connected to the external wall. The cooling member may extend vertically upwardly from the
external wall. A cooling fin may be formed on the external wall proximal to the connection
between the cooling member and the external wall. The cooling fin may extend into the
cooling fluid to promote cooling of the cooling member. The cooling fin may extend vertically
downwardly from the external wall.

The cooling means may be suitable for conveying the cooling fluid into the upper portion of
each heat transfer chamber. The cooling means may comprise one or more cooling slot
formed in the external wall. The cooling slot may extend upwardly into each heat transfer
chamber. In particular, the cooling slot may extend into the upper portion of each heat
transfer chamber. In alternate arrangements, the cooling means may, for example, comprise
a cavity, aperture, recess, groove or channel formed in the external wall. The cooling fluid
may perform cooling of the heat transfer medium in the upper portion of the chamber. This
arrangement may have particular application in a protected environment. Alternatively, the
cooling means may comprise a conduit extending through the upper portion of each heat
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transfer chamber for conveying cooling fluid. The conduit may, for example, be open to allow
the flow of the cooling fluid.

The heat transfer apparatus comprises heating means. The heating means may be
configured to heat the heat transfer medium in the lower portion of each heat transfer
chamber. The heating means may comprise a section of the internal wall disposed adjacent
to each heat transfer chamber. The heating means may be configured to promote
convection circulation of the heat transfer medium in the one or more heat transfer chamber.
The heating means may help to establish a thermal inversion of the heat transfer medium
within the one or more heat transfer chamber. The heating means may be disposed in the
lower portion of each heat transfer chamber. The heating means may comprise a section of
the internal wall disposed adjacent to the lower portion of each heat transfer chamber. The
internal wall may extend downwardly to promote heating of the heat transfer medium in the
lower portion of the one or more heat transfer chamber. The heating means may comprise at
least one trough formed in the internal wall. The internal wall may have a corrugated profile.
The profile and/or geometry of the corrugations may be optimised, for example depending
on an available package envelope. The rate of convection circulation of the heat transfer
medium will be a function of corrugation angle and/or scale. The internal wall may, for
example, comprise at least one peak and at least one trough. The internal wall may have a
polygonal profile or a curved profile. For example, the internal wall may have a sinusoidal
wave profile, a triangular wave profile, a square-wave profile or a saw-tooth profile. Other
profiles are also envisaged. The internal wall may comprise a concave section which forms
an undercut to the profile of each heat transfer chamber. In alternate arrangements, the
heating means may comprise a heating member extending from said internal wall. The
heating means may comprise one or more heating plate extending downwardly from the
internal wall into each heat transfer chamber.

Liquid retention means may be disposed in the at least one trough. The liquid retention
means may retain the liquid in the at least one trough. The liquid retention means may
comprise a metallic foam. The metallic foam may have a porous structure. The metallic foam
may be thermally conductive, thereby promoting cooling of the liquid.

A heat conducting matrix may be disposed within each heat transfer chamber. The heat
conducting matrix may comprise a metallic foam. The metallic foam may have a porous
structure. The metallic foam may be thermally conductive. The metallic foam enables a high
heat transfer rate into the heat transfer medium.
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The heat transfer medium may be a solid at low temperatures and may change to a liquid
above a melting temperature. The heat transfer apparatus may provide relatively low thermal
resistance at temperatures higher than the melting temperature; and relatively high thermal
resistance at temperatures lower than the melting temperature of the heat transfer medium.
Alternatively, the heat transfer medium may remain in a liquid state within a normal operating

temperature range.

The heat transfer medium may comprise a phase-change material which, in use, changes
phase from a solid to a liquid. The phase-change material may have a phase change
temperature in the range 80-120°C or 90-110°C. More particularly, the phase-change
material may have a phase change temperature of approximately 90°C or approximately
100°C. The phase-change material may comprise a lipid-based material or a molten salt.
The phase-change material may be wax, such as paraffin wax, or a molten salt. The wax
may have a melting temperature of approximately 90°C. The composition of the phase-
change material may be refined to adjust the phase change temperature (i.e. melting point)
and/or adsorption energy of the phase-change material. The heat transfer medium may have
a high heat of fusion and may absorb thermal energy as it changes from the solid state to
the liquid state. In steady-state, medium load conditions, this spike of energy absorption will
create a dynamic imbalance, as the warm-up rate of the liquid will decay, then increase once
more when the phase-change material is a liquid, until steady-state is reached. The phase-
change material may be optimised for an 80-90% load case, for each a high intensity, short
duration events. The temperature may not reach steady-state under such events, but it could
remain within an acceptable limit, without having to over-specify the cooling capacity, which
would add mass.

The external wall may be disposed below the internal wall. The heat transfer apparatus may
be disposed at the bottom of the housing.

According to a further aspect of the present invention there is provided a housing comprising
one or more heat transfer apparatus as described herein. The housing may be a
transmission housing.

According to a further aspect of the present invention there is provided a vehicle comprising
one or more heat transfer apparatus as described herein.

Within the scope of this application it is expressly intended that the various aspects,
embodiments, examples and alternatives set out in the preceding paragraphs, in the claims

4



10

15

20

25

30

35

WO 2017/108486 PCT/EP2016/080690

and/or in the following description and drawings, and in particular the individual features
thereof, may be taken independently or in any combination. That is, all embodiments and/or
features of any embodiment can be combined in any way and/or combination, unless such
features are incompatible. The applicant reserves the right to change any originally filed
claim or file any new claim accordingly, including the right to amend any originally filed claim
to depend from and/or incorporate any feature of any other claim although not originally
claimed in that manner.

BRIEF DESCRIPTION OF THE DRAWINGS
One or more embodiments of the present invention will now be described, by way of
example only, with reference to the accompanying figures, in which:

Figure 1 shows a schematic representation of a vehicle incorporating a heat
transter apparatus in accordance with an embodiment of the present invention;

Figure 2 shows a schematic section view of a transmission incorporating a heat
transter apparatus in accordance with an embodiment of the present invention;

Figure 3 shows an end view of the heat transfer apparatus shown in Figure 2;

Figure 4 shows a perspective view of the heat transfer apparatus shown in Figure 2;

Figure 5 illustrates the convection circulation of a heat transfer medium within the
heat transfer chambers of the heat transfer apparatus shown in Figure 2;

Figure 6 shows a side elevation of a heat transfer apparatus in accordance with a
further embodiment of the present invention;

Figure 7 shows a perspective view of the heat transfer apparatus shown in Figure 5;

Figure 8 shows an end view of a heat transfer apparatus in accordance with a
further embodiment of the present invention; and

Figure 9 illustrates the convection circulation of a heat transfer medium within the
heat transfer chambers of the heat transfer apparatus shown in Figure 8.

DETAILED DESCRIPTION
A heat transfer apparatus 1 in accordance with an embodiment of the present invention will
now be described with reference to the accompanying figures.

A vehicle 2 incorporating an internal combustion engine 3 connected to a transmission 4 is
shown schematically in Figure 1. The vehicle 2 has a longitudinal axis X, a transverse axis Y
and a vertical axis Z (extending out of the plane in Figure 1). A transverse sectional view of
the transmission is shown in Figure 2. The transmission 4 comprises a gear train 5 and a
transmission housing 6. A lubricant 7, such as oil, is provided in the transmission housing 6
to lubricate the gear train 5. A lower section of the transmission housing 6 forms a sump 8
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for collecting the lubricant 7. The heat transfer apparatus 1 is incorporated into an external
wall 9 of the transmission 4 disposed at the bottom of the transmission housing 6. The
external wall 9 is exposed to incident airflow under of the vehicle 2. When the vehicle 2 is in
motion, the incident airflow transfers heat away from the transmission housing 6, thereby
performing cooling.

With reference to Figure 3, the external wall 9 of the transmission housing 6 forms an
external wall of the heat transfer apparatus 1. The heat transfer apparatus 1 comprises an
internal wall 10, a plurality of external cooling fins 11, and an end wall 12. The external wall 9
and the internal wall 10 are formed from thermally conductive material, for example a metal
alloy. The external wall 9, the internal wall 10, the cooling fins 11 and the end wall 12 may be
formed in a single piece, for example as an extrusion or a casting. The external wall 9 and
the internal wall 10 are spaced apart from each other to form a plurality of heat transfer
chambers 13. The heat transfer chambers 13 are disposed between the external wall 9 and
the internal wall 10. The heat transfer chambers 13 have an open configuration such that
adjacent heat transfer chambers 13 remain in communication with each other. The heat
transfer chambers 13 extend vertically upwardly and comprise an upper portion 15 and a
lower portion 16. Cooling means in the form of a cooling plate 17 is associated with each of
the heat transfer chambers 13. In the present embodiment the cooling plates 17 form a
boundary between adjacent heat transfer chambers 13 in the heat transfer apparatus 1. The
heat transfer chambers 13 are at least substantially filled with a heat transfer medium 18.
The cooling plates 17 are configured to provide cooling at least in the upper portion 15 of the
heat transfer chambers 13. Heating means are provided for heating the heat transfer
medium 18 in each of the heat transfer chambers 13. In particular, the heating means is
arranged to provide heating at least in the lower portion 16 of the heat transter chambers. In
the present embodiment the internal wall 10 is profiled to provide said heating means by
conducting heat from the lubricant 7 into the heat transfer chamber 13. In use, convection
circulation of the heat transfer medium 18 within each heat transfer chamber 13 promotes
the transfer of heat between the internal wall 10 and the external wall 9 of the transmission
housing 6. The cooling plates 17 promote convection circulation by cooling the heat transfer
medium 18 in the upper portion 15 of the heat transfer chambers 13. The cooling plates 17
may be continuous or comprise one or more aperture to control cooling of the heat transfer
medium 18 within the heat transfer chambers 13.

The heat transfer medium 18 in the present embodiment is a phase-change material (PCM)
having a high heat of fusion. The heat transfer medium 18 is a solid at room temperature but
undergoes a phase change to a liquid when heated. The heat transfer medium 18 absorbs
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thermal energy as it changes from a solid to a liquid. A suitable phase-change material for
the heat transfer apparatus 1 is a wax or a molten salt having a melting temperature of
approximately 90°C. It is not essential that the heat transfer medium 18 is a phase-change
material. The heat transfer medium 18 may be selected so as to remain in a liquid state
during normal operation of the vehicle 2. For example, the heat transfer medium 18 may be
oil.

A heat conducting matrix 19 is disposed within each of the heat transfer chambers 13. The
heat conducting matrix 19 is formed of a thermally conductive material and promotes the
conduction of heat into the heat transfer medium 18 within the heat transfer chambers 13. At
least in certain embodiments, the heat conducting matrix 19 contacts the internal wall 10 to
promote thermal conduction into the heat transfer chambers 13. In use, the heat conducting
matrix 19 conducts heat into the heat transfer medium 18. The heat conducting matrix 19
has an open cell structure which allows movement of the heat transfer medium 18 within the
heat transfer chambers 13 due to convection currents. The heat conducting matrix 19 in the
present embodiment is a metallic foam. The metallic foam has a porous structure and the
size of the pores may be selected to control the flow of the heat transfer medium 18 within
the heat transfer chambers 13.

As shown in Figure 4, the heat transter apparatus 1 extends in the longitudinal direction X of
the vehicle 2 such that the heat transfer chambers 13 have a three-dimensional form. As
shown in Figures 3 and 4, the internal wall 10 comprises alternating peaks 20 and troughs
21 in a transverse direction. The cooling fins 11 are substantially aligned with the peaks 20
and offset from the troughs 21. In the present embodiment the internal wall 10 has a
sinusoidal section in said transverse direction. In alternate embodiments the internal wall 10
may have a square, a triangular or a saw-tooth section in the transverse direction. Other
polygonal and curved sections are also envisaged. The layer of heat transfer medium 18
within the heat transfer chambers 13 is non-planar.

As shown in Figure 2, the lubricant 7 provided in the transmission housing 6 collects in the
troughs 21. The troughs 21 thereby form galleries for the lubricant 7. The heat transfer
medium 18 disposed in the lower portion 16 of each of the heat transfer chambers 13 is
heated by the lubricant 7 collected in the troughs 21. Lubricant retention means 22 is
disposed in each of the troughs 21 to reduce movement of the lubricant 7, for example due
to acceleration of the vehicle 2 (in a vertical direction and/or a lateral direction and/or a
longitudinal direction). The Ilubricant retention means 22 has an open cell structure which
allows movement of the lubricant 7. In the present embodiment the lubricant retention means
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22 is a metallic foam. The metallic foam has a porous structure and the size of the pores
may be selected to control the flow of the lubricant 7 within the troughs 21.

The operation of the heat transfer apparatus 1 will now be described with particular
reference to Figures 3 and 5. When the internal combustion engine 3 is first started the heat
transfer medium 18 is typically at a temperature below its melting temperature and is in a
solid state. The internal combustion engine 3 rotates the gear train 5, generating heat which
is transmitted to the lubricant 7 through conduction. The lubricant 7 collects at the bottom of
the transmission housing 6 in the troughs 21 formed by the internal wall 10. The lubricant
retention means 22 helps to reduce the movement of the lubricant 7 within the troughs 21
due to acceleration of the vehicle 2. Heat energy is transmitted from the lubricant 7 into the
internal wall 10 through conduction. The heat conducting matrix 19 is heated by conduction
and the heat energy released into the heat transfer medium 18. The heat conducting matrix
19 promotes the conduction of heat energy into the heat transfer medium 18. The heat
transfer medium 18 is heated progressively to its melting temperature. The heat transfer
medium 18 is a phase-change material and absorbs heat energy as it undergoes a phase
change from a solid to a liquid. The high heat of fusion of the heat transfer medium 18
provides additional cooling of the lubricant 7 at the melting temperature of the heat transfer
medium 18. It will be appreciated that the composition of the heat transfer medium 18 may
be configured to set the melting temperature at an appropriate operating temperature of the
lubricant 7.

The heat transfer medium 18 is heated above its melting temperature and becomes a liquid.
The heat transfer chambers 13 are configured to allow convention circulation of the heat
transfer medium 18. The external wall 9 is cooled by the incident airflow beneath the vehicle
2. It will be appreciated that the cooling fins 11 promote cooling of the external wall 9. The
cooling plates 17 are connected to the external wall 9 and heat energy is conducted from the
heat transfer medium 18 to the external wall 9. The cooling plates 17 extend vertically
upwardly into the heat transfer chambers 13 and are effective to perform cooling of the heat
transfer medium 18 in the upper portion 15 of each heat transfer chamber 13. Thus, the
cooling plates 17 function as cooling means for cooling the heat transfer medium 18 in the
upper portion 15 of each heat transfer chamber 13. The internal wall 10 is heated by the
lubricant 7 within the transmission housing 6. The troughs 21 extend downwardly below the
peaks 20 and are effective to perform heating of the heat transfer medium 18 in the lower
portion 16 of each heat transfer chamber 13. Thus, the troughs 21 functions as heating
means for heating the heat transfer medium 18 in the lower portion 16 of each heat transfer
chamber 13.
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As illustrated in Figure 5, the localised cooling provided by the cooling plates 17 promotes
downwards flow of the heat transfer medium 18. Moreover, the heating of the internal wall 10
by the lubricant 7 provides localised heating of the heat transfer medium 18. The opposing
arrangement of the cooling plates 17 and the internal wall 10 help to establish convection
circulation of the heat transfer medium 18 within the heat transfer chambers 13. The open
cell structure of the heat conducting matrix 19 allows the movement of the heat transfer
medium 18 within the heat transfer chambers 13 when in its liquid state. The circulation of
the heat transfer medium 18 within adjacent heat transfer chambers 13 is illustrated by the
arrows A in Figure 5. The circulation of the heat transfer medium 18 promotes the exchange
of heat energy between the lubricant 7 and the external wall 9. In the illustrated

arrangement, adjacent heat transfer chambers 13 are in communication with each other.

An alternative embodiment of the heat transfer apparatus 1 in accordance with a further
embodiment of the present invention is shown in Figures 6 and 7. The heat transfer
apparatus 1 is a modified arrangement of the previous embodiment. The description herein
describes the differences over the previous embodiment. Like reference numerals are used

for like components.

The internal wall 10 in this embodiment comprises a series of concave sections 23. The
concave sections 23 form recesses on opposing sides of the trough 21. The concave
sections 23 form a constriction 24 between the upper portion 15 and the lower portion 16 of
each heat transfer chamber 13. The concave section 23 thereby forms an undercut for
promoting heating of the heat transfer medium 18 by the lubricant 7. The operation of the
heat transfer apparatus 1 in this embodiment is unchanged from the previous embodiment.

An alternative embodiment of the heat transfer apparatus 1 in accordance with a further
embodiment of the present invention is shown in Figures 8 and 9. The heat transfer
apparatus 1 is a modified arrangement of the previous embodiment. The description herein
describes the differences over the previous embodiment. Like reference numerals are again
used for like components.

With reference to Figure 8, the external wall 9 of the transmission housing 6 forms an
external wall of the heat transfer apparatus 1. The heat transfer apparatus 1 comprises an
external wall 9 and an internal wall 10. The external wall 9 and the internal wall 10 are
spaced apart from each other to form a plurality of heat transfer chambers 13. The heat
transfer chambers 13 are formed between the external wall 9 and the internal wall 10. The
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heat transfer chambers 13 extend vertically and comprise an upper portion 15 and a lower
portion 16. As in the previous embodiments, the heat transfer chambers 13 are at least
substantially filled with a heat transfer medium 18. Cooling means in the form of a cooling
slot 25 is associated with each of the heat transfer chambers 13. The cooling slots 25 are
formed in the external wall 9 and extend vertically upwardly into the heat transfer chambers
13 formed between the external wall 9 and the internal wall 10. The cooling slots 25 are
open to the incident airflow beneath the vehicle 2. The incident airflow provides a ram/fan
effect which, in use, promotes cooling. Moreover, the cooling slots 25 enable the incident
airflow to perform cooling of the heat transfer medium 18 in the upper portion 15 of each
heat transfer chamber 13 to provide a downdraft. The cooling slots 25 have sidewalls 26, 27
which are also exposed to the incident airflow. To promote the incident airflow, the cooling
slots 25 may extend substantially parallel to a longitudinal axis X of the vehicle 2. The
internal wall 10 comprises alternating peaks 20 and troughs 21. The cooling slots 25 are
substantially aligned with the peaks 20 and offset from the troughs 21. In the present
embodiment the internal wall 10 has a sinusoidal section.

In use, heat energy is transmitted from the lubricant 7 into the internal wall 10 through
conduction. The heat energy is released into the heat transfer medium 18. The troughs 21
formed in the internal wall 10 promote heating of the heat transfer medium 18 in the lower
portion 16 of each heat transter chamber 13. The troughs 21 thereby function as heating
means for heating the heat transfer medium 18 in the lower portion 16 of each heat transfer
chamber 13. Conversely, the cooling slots 25 function as cooling means for cooling the heat
transfer medium 18 in the upper portion 15 of each heat transfer chamber 13. The resulting
thermal inversion of the heat transfer medium 18 helps to establish a circulating flow within
each heat transfer chamber 13. As illustrated schematically in Figure 9, the vertical portions
of the internal wall 10 are heated by the lubricant 7, thereby promoting an upwards flow of
the heat transfer medium 18 adjacent to the internal wall 10. Conversely, the sidewalls 26,
27 of the cooling slots 25 are cooled by the incident airflow, thereby promoting a downwards
flow of the heat transfer medium 18 adjacent to the external wall 9. Thus, convection
circulation of the heat transfer medium 18 is established within the heat transfer chambers
13 to promote the transfer of thermal energy from the lubricant 7 into the incident airflow.
The circulation of the heat transfer medium 18 is illustrated by the arrows A in Figure 9.

It will be appreciated that various changes and modifications can be made to the heat
transfer apparatus 1 described herein without departing from the scope of the present
invention. Although the heat transfer apparatus 1 has been described with reference to a
transmission 4, it will be appreciated that the invention is not limited to this application. For
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example, the heat transfer apparatus 1 may be implemented in a sump for an internal
combustion engine.

The heat transfer apparatus 1 comprises heating means for heating the heat transfer
medium 18 in the lower portion 15 of each heat transfer chamber 13. The heating means is
described herein as being provided by profiling the internal wall 10 so as to extend
downwardly alongside the heat transfer chamber 13 such that, in use, thermal energy is
introduced into the lower portion 16 of the heat transfer chamber 13. In alternate
embodiments, the heating means may comprise a vertical slot or channel formed in the
internal wall 10 and extending downwardly. In a further alternative, the heating means may
comprise one or more heating member projecting downwardly from the internal wall 10. The
one or more heating member may comprise a heating plate mounted to the internal wall 10.
In use, the heating member may be heated by the lubricant 7 through conduction. The
heating member may extend vertically downwardly into the region between said external wall
9 and said internal wall 10. In certain embodiments, the heat transfer chambers 13 may be
formed by alternating heating and cooling plates extending from the internal wall 10 and the
external wall 9 respectively.

The one or more heating member may be used in conjunction with the sinusoidal internal
wall 10 described herein. Alternatively, the one or more heating member may be used
instead of the sinusoidal internal wall 10. For example, the internal wall 10 may be
substantially planar and the one or more heating member configured to extend downwardly
from said internal wall 10.

The heat transfer chambers 13 in the embodiments described herein have had an open
configuration which allows the communication of the heat transfer medium 18 between
adjacent heat transfer chambers 13. In certain embodiments, the heat transfer chambers 13
may have a closed configuration.

11
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CLAIMS:

1. Heat transfer apparatus for a housing, the heat transfer apparatus comprising:

an internal wall for contacting a liquid in the housing;

an external wall for contacting a cooling fluid;

one or more heat transfer chamber disposed between said internal wall and said
external wall;

a heat transfer medium being disposed in each heat transfer chamber;

cooling means for cooling the heat transfer medium; and

heating means for heating the heat transfer medium;

wherein the cooling means is disposed above the heating means.

2. Heat transfer apparatus as claimed in claim 1, wherein the cooling means is
suitable for cooling the heat transfer medium in an upper portion of each heat transfer
chamber; and the heating means is suitable for heating the heat transfer medium in a lower
portion of each heat transfer chamber.

3. Heat transfer apparatus as claimed in claim 1 or claim 2, wherein the cooling means
comprises a cooling member.

4. Heat transfer apparatus as claimed in claim 3, wherein the cooling member is
connected to the external wall.

5. Heat transfer apparatus as claimed in claim 4, wherein the cooling member extends
vertically from the external wall.

6. Heat transfer apparatus as claimed in claim 4 or claim 5, wherein a cooling fin is
formed on the external wall proximal to the connection between the cooling member and the
external wall.

7. Heat transfer apparatus as claimed in claim 1 or claim 2, wherein the cooling means

comprises a cooling slot formed in the external wall.
8. Heat transfer apparatus as claimed in any one of the preceding claims, wherein the

heating means comprises a section of the internal wall disposed adjacent to each heat
transfer chamber.
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9. Heat transfer apparatus as claimed in claim 8, wherein the heating means

comprises at least one trough formed in the internal wall.

10. Heat transfer apparatus as claimed in claim 9, wherein liquid retention means is
disposed in the at least one trough.

11. Heat transfer apparatus as claimed in claim 10, wherein the liquid retention means

comprises a metallic foam.

12. Heat transfer apparatus as claimed in any one of claims 1 to 7, wherein the heating
means comprises a heating member extending from said internal wall.

13. Heat transfer apparatus as claimed in any one of the preceding claims, wherein a
heat conducting matrix is disposed within each heat transfer chamber.

14, Heat transfer apparatus as claimed in claim 13, wherein the heat conducting matrix

comprises a metallic foam.

15. Heat transfer apparatus as claimed in any one of the preceding claims, wherein the
heat transfer medium comprises a phase-change material.

16. Heat transfer apparatus as claimed in any one of the preceding claims, wherein the
external wall is disposed below the internal wall.

17. A housing comprising one or more heat transfer apparatus as claimed in any one of
the preceding claims.

18. A housing as claimed in claim 17, wherein the housing is a transmission housing.

19. A vehicle comprising one or more heat transfer apparatus as claimed in any one of
claims 1 to 16.

20. Heat transfer apparatus substantially as herein described with reference to the
accompanying figures.

21. A vehicle substantially as herein described with reference to the accompanying
figures.
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