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(54) Abstract Title: A heat exchanger
(57) A heat exchanger (301) comprising a first tube (107)

for fluid transmission and a second tube (108) for
fluid transmission within a heat transfer system that
uses a working fluid which undergoes compression
and evaporation. The first tube is placed in thermal
contact with the second tube for a portion (109,110)
of the respective lengths of the first tube and the
second tube so as to allow an exchange of heat
between the fluid within said tubes.

The first tube (107) is preferably constructed from
steel alloy which has alloyed components to reduce
the hardness of the steel to facilitate tube bending
within a heat transfer system, thereby allowing the
first tube to be constructed from the steel within the
heat transfer system, in preference to copper.

The first tube (107) may form the suction tube of a
refrigeration system ie the tube running from the
evaporator to the compressor. The second tube
(108) may comprise the capillary tube of the
refrigeration system.

The steel alloy may include carbon, manganese,
phosphorus, sulphur and titanium.

The suction tube (107) may be provided with a zinc
coating.

The first tube may be constructed of iron alloy.
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RANGE OF ALLOY TYPICAL ALLOY
CONTENT BY MASS | CONTENT BY MASS
CARBON 0.001% - 0.02% 0.02%
MANGANESE 0.10% - 0.25% 0.25%
PHOSPHORUS 0.00% - 0.02% 0.02%
SULPHUR 0.01% - 0.02% 0.02%
TITANIUM 0.06 - 0.3% 0.3%
Figure 9
Annealed low
Copper Conventional carbon
tube steel tube steel tube
Diameter 6 6 6
(mm)
Wall thickness 0.65 0.70 0.70
(mm)
Relative force 1.0 2.8 1.85

Figure 10
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2418478

A Heat Exchanger

Background of the Invention

The present invention relates to heat exchanger in a heat transfer
system in which the heat exchanger comprises a first tube for fluid
transmission and a second tube for fluid transmission, and the first tube is
placed in thermal contact with the second tube for a proportion of their
respective lengths so as to allow an exchange of heat between the fluid
within said tubes.

In domestic refrigerators and freezers, it is usual to have a capillary
tube which transmits liquid refrigerant to an evaporator, and a copper suction
tube which transmits gaseous refrigerant from the evaporator. It is also
known to arrange a portion of the length of the capillary tube and suction tube
together to form a heat exchanger. Consequently, refrigerant fluid transmitted
from the evaporator is warmed by the fluid transmitted to the evaporator, and
similarly fluid transmitted to the evaporator is cooled by the fluid returned
from the evaporator.

A problem with such an arrangement is the high cost of the copper

used to form the suction tube.

Brief Summary of the Invention

According to a first aspect of the present invention, there is provided,
in @ heat transfer system using a working fluid that undergoes compression
and evaporation, a heat exchanger comprising a first tube for fluid
transmission and a second tube for fluid transmission, in which said first tube
is placed in thermal contact with said second tube for a proportion of the
respective lengths of said first tube and said second tube so as to allow an
exchange of heat between the fluid within said tubes, wherein said first tube

is constructed from steel alloy; and said steel alloy has alloyed components
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which reduce the hardness of said steel to facilitate tube bending, thereby
allowing said first tube to be constructed from said steel within the heat
transfer system, in preference to copper.

According to a second aspect of the present invention, there is
provided a heat exchanger comprising a capillary tube for transporting a
liquid to an evaporator of a heat transfer system, and a suction tube for
transporting fluid from the evaporator, wherein a portion of the length of the
capillary tube is secured to a portion of the length of the suction tube such
that thermal conduction is provided from the liquid in the capillary tube to the
fluid in the suction tube, and wherein the suction tube comprises a iron alloy
tube, and at least said portion of the iron alloy tube is coated with a protective
coating providing a surface onto which the capillary tube is soldered or
brazed.

Brief Description of the Several Views of the Drawings

Figure 1 shows a rear perspective view of a domestic refrigeration unit
101;

Figure 2 shows schematically the heat transfer system of the
refrigerator 101;

Figure 3 shows a heat exchanger 301 comprising a suction tube 107
and a capillary tube 108 prior to fitting within the refrigeration unit 101;

Figure 4 shows a section of the soldered portions of the suction tube
107 and capillary tube 108;

Figure 5 shows an alternative heat exchanger 501; Figure 6 shows
a further alternative heat exchanger 601;

Figure 7 shows, in cross-section, a portion of the heat exchanger 601

at the solder joint connecting section 607B and section 607C of suction tube
607;
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Figure 8 shows a flow chart of the steps for producing a refrigeration
unit containing the heat exchanger of Figure 3, 5 or 6;

Figure 9 shows a table of the alloyed elements of the steel alloy
from which the suction tube is made; and

Figure 10 shows parameters of tubes used in a bending experiment

and the relative forces required to cause the tubes to plastically bend.

Written Description of the Best Mode for Carrying out the Invention
Figure 1

A rear perspective view of a domestic refrigeration unit 101 is shown in
Figure 1. In the present example, the refrigeration unit is a refrigerator having
a door 102 at its front to allow access to a refrigeration cavity. The cavity is
configured to provide cold storage for perishable goods such as food, drinks,
etc.

The refrigerator 101 has a heat transfer system which pumps heat
from the refrigeration cavity to the air surrounding the refrigerator. The heat
transfer system comprises an electrically powered compressor 103 located
within a lower rear compartment 104 of the refrigerator, a condenser 105
mounted on a rear outer wall 113 of the refrigerator, a drying and filtering unit
106, and an evaporator (shown as 201 in Figure 2) mounted within the
refrigeration cavity.

The condenser 105 comprises a meandering tube 111 attached to a
louvered panel 112 which assists transportation of heat from the tube 111 to
the surrounding air during operation.

In addition, the heat transfer system comprises: a suction tube 107
which has a first end connected to the outlet of the evaporator and a second
end connected to the inlet of the compressor 103; and a capillary tube 108

which has a first end connected to the outlet of the condenser 105 via the
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dryer and filtering unit 106 and a second end connected to the inlet of the
evaporator.

A middle portion 109 of the length the capillary tube 108 is secured to
a middle portion 110 of the length of the suction tube 107, while each of the
tubes 107 and 108 have free portions adjacent their ends to allow relevant
connections to other components of the heat transfer system.

During the production of the refrigeration unit 101, the suction tube
107, has its first end connected to the evaporator. Its second end is then
passed through holes in rear walls of the refrigeration unit and then
connected to the compressor 103. This process requires a degree of manual
manipulation and bending of the suction tube 107. Conventionally, the
suction tube has been made from copper which allows such manipulation
and bending to be manually performed. However, the present suction tube is
made from a steel material which has also been found to provide the

necessary softness to facilitate these manual operations.

Figure 2

The heat transfer system of the refrigerator 101 is shown
schematically in Figure 2. In addition to the compressor 103, condenser 105,
dryer and filter unit 106, capillary tube 108 and suction tube 107, Figure 2
also shows the evaporator 201 located within the refrigeration cavity 202.

The evaporator 201 comprises a meandering tube which has an inlet
connected to the capillary tube 108 and an outlet connected to the suction
tube 107. Typically, the evaporator tube will be mounted on a plate which
assists the transfer of heat from the air within the refrigeration cavity 202 to
the evaporator tube. Alternatively, the evaporator tube may take the form of

deformations in a pair of connected plates, formed in a roll bond process as

is known in the art.
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The heat transfer system contains a refrigerant fiuid that is a gas at
ambient pressure and temperature but is capable of being liquefied under
pressure. During operation, the compressor 103 pumps the refrigerant
around a circuit comprising the condenser 105, the drying and filtering unit
106, the capillary tube 108, the evaporator 201, and the suction tube 107, in
that order. The capillary tube 108 has an internal diameter, typically of 0.7
millimetres, that is small when compared with the internal diameters of the
tubes of the condenser 105 and the evaporator 201. Consequently, the
capillary tube acts as a resistance to flow of refrigerant and during operation
of the compressor it allows pressure to build up in the condenser 105.

During operation, the compressor 103 pumps very warm gaseous
refrigerant (typically at 70 degrees centigrade) into the condenser 105. As the
refrigerant travels through the condenser 105 it loses heat to the surrounding
air until its temperature becomes so low that it condenses to form a liquid.
(Typically at around 35 degrees centigrade.) Thus, by the time the refrigerant
reaches the capillary tube it is in the form of a warm liquid.

Consequently, liquid refrigerant is transported into the evaporator,
where the pressure is comparatively low, and it evaporates into a gas again.
The process of evaporation requires the absorption of the latent heat of
evaporation of the refrigerant and thus it has a cooling effect on the
evaporator and the refrigeration cavity.

The gaseous refrigerant then passes through the suction tube 107
back to the compressor 103.

As mentioned above, a portion 109 of the length of the capillary tube
108 is secured to a portion 110 of the length of the suction tube 107, such
that conduction of heat can take place between the two tubes and between
the fluid in the two tubes. Consequently, heat is conducted from the liquid

refrigerant in the capillary tube to the fluid in the suction tube. This has two
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beneficial effects. Firstly, the heat from the capillary tube received by the
suction tube ensures that any residual liquid leaving the evaporator 201 is
evaporated before it reaches the compressor 103. Secondly, the loss of heat
from the liquid refrigerant in the capillary tube means that it reduces in
temperature during its passage to the evaporator. Consequently, the low
temperature of the liquid entering the evaporator ensures that the
evaporation of liquid takes place along much of the length of the evaporator.

Thus, the suction tube 107 in combination with the capillary tube 108
form a heat exchanger which has beneficial effects on the operation of the
refrigeration unit 101.

In alternative embodiments the refrigeration unit 101 is a domestic
freezer, or other refrigeration unit which makes use of a heat exchanger for
transferring heat from a evaporator inlet tube, such as a capillary tube, to an

evaporator outlet (suction) tube.

Figure 3

A heat exchanger 301 comprising the suction tube 107 and capillary
tube 108 is shown in Figure 3, prior to fitting within the refrigeration unit 101.
The heat exchanger 301 is formed as an item in advance of the assembly of
the refrigeration unit 101. In addition, the heat exchanger is bent by
machinery prior to the assembly of the refrigeration unit 101, so as to
minimise the need for manual bending during assembly.

Thus, in the present embodiment, the portion 110 of the suction tube
107 and the portion 109 of the capillary tube 108 are secured together by
soldering, and then the tubes are bent to the required shape. In the present
example, the heat exchanger 301 is provided with a 180 degree bend 302
and a 90 degree bend 303.
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Figure 4

A section of the soldered portions of the suction tube 107 and capillary
tube 108 are shown in Figure 4. The capillary tube 108 comprises a copper
tube having an internal diameter of typically 0.7 millimetres.

The suction tube has a relatively larger internal diameter of typically
4.6 to 6.6 millimetres and has a wall thickness of 0.7 millimetres. The outer
surface of the suction tube is coated with a zinc coating 401 during its
production and prior to soldering of the two tubes 107 and 108.

The zinc coating 401 provides the steel suction tube 107 with
protection against corrosion during use. In addition, zinc coating 401 provides
the steel suction tube 107 with a surface that allows the solder to wet the
tube in a reliable and repeatable manner. Consequently, a well formed fillet
of solder is produced between the two tubes.

The solder 402 is a tin and silver alloy solder having 97% tin and 3%
silver. However, in an alternative embodiment, the solder is a tin and copper
alloy and the use of other similar solders is envisaged.

In an alternative embodiment the capillary tube is brazed to the

suction tube rather than being soldered.

Figure 5

An alternative heat exchanger 501 to that of Figure 3 is shown in
Figure 5. Heat exchanger 501 is of similar construction to heat exchanger
301 in that it has a steel suction tube 507 having an outer surface coated with
zinc, and a copper capillary tube 508. However, the capillary tube 508 is
secured to the suction tube 507 by an outer sleeve 520 which, in this case, is
a heat-shrink material. In the present example the heat shrink comprises of a

polyolefin material, but in alternative embodiments other known heat shrink

materials, such as PVC and PTFE, are used.
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Figure 6

A further alternative heat exchanger 601 is shown in Figure 6. The
heat exchanger 601 has a suction tube 607 formed in three sections 607A,
607B and 607C which are joined together by a solder joint to form a
continuous tube. The central section 607B of the suction tube 607 contains a
middle portion of the length of a copper capillary tube 608. Consequently,
during use, heat is able to leave the liquid refrigerant in the capillary tube,
pass through the capillary tube wall and increase the heat in the gas/liquid

refrigerant in the suction tube.

Figure 7

A portion of the heat exchanger 601 at the solder joint connecting
section 607B and section 607C of suction tube 607 is shown in cross-section
in Figure 7. The solder joint connecting sections 607A and 607B is similarly
configured.

The central section 607B of the suction tube has mechanically
deformed end portions 702 produced by expanding said end portions over a
mandrel. The end portions of the suction tube are deformed such that the
bore has a keyhole-like shape. Thus the end portions have an enlarged
cylindrical part 703 configured to receive an end of the outer sections 607A
and 607B respectively, and an eccentric part 704 configured to
accommodate the capillary tube 608.

Solder 701 mechanically fixes the sections 607B and 607C and
capillary tube 608 together and seals around the suction tube and capillary
tube to form a leak tight joint. Thus, the solder joints provide a means of
allowing the capillary tube to enter and exit the bore of the suction tube.

In an alternative embodiment, the suction tube is formed as a single
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length and holes are drilled to allow the entry and exit of the capillary tube.
The capillary tube is soldered in place where it enters and exits the holes to

make the suction tube leak-proof.

Figure 8

A flow chart showing the steps in producing a refrigeration unit
containing an above described heat exchanger is shown in Figure 8. At step
801 strip metal is formed by a rolling mill into a tubular form and induction
welded to close the seam of the tube. The strip used is a low carbon steel
strip, with alloyed components as described below.

The tube formed at step 801 has a diameter that is larger than
required, and it is drawn down to the required diameter of the suction tube at
step 802. For example, a tube of 11mm diameter may be drawn down to
produce an 8mm diameter suction tube.

At step 803 the tube is annealed to reduce its hardness to facilitate
bending. The annealing process at step 803 and the process steps 801 are
all performed in-line. Thus, immediately after the formed tube emerges from
the rollers of the rolling mill of step 801 it is drawn down to size at step 802
and also annealed at step 803. In a preferred annealing process the tube is
heated to a temperature of 480 to 800 degrees centigrade for 5 seconds and
maintained at 480 degrees for 15 seconds. However, in practice, an
annealing process in which the tube is heated to a temperature of 750
degrees centigrade for 3 seconds, cooled down to 450 degrees centigrade
and maintained at 450 degrees for 10 seconds produces a tube which is
sufficiently soft to be of practical value. The ease with which this tube may be
bent is demonstrated in the bend measurement described below, with
reference to Figure 10.

At step 804 the tube is coated with a corrosion protection layer which
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protects the steel from corrosion during the suction tube’s operational life. In
the present example, the coating is a layer of zinc with a weight of at least 70
grams per square metre applied by a hot dip zinc coating process, in
accordance with ltalian standard UNI 5741-66.

In an alternative embodiment a zinc coating is applied to the outside of
the tube at step 804 by electroplating to a thickness of at least 12
micrometres according to international standard ISO 2081, and then yellow
passivated in a chrome base electrolyte according to international standard
ISO 4520.

In a further alternative embodiment at step 804 the outside of the tube
is coated by electroplating aluminium onto it.

Following step 804 the tube is cut to the required length of the suction
tube at step 805 and a length of copper capillary tube is attached to the
suction tube to form the heat exchanger. In the present example a portion of
the length of the capillary tube is soldered along the outside of the suction
tube using a tin/silver solder comprising 97% tin and 3% silver. However,
alternative solders such as tin/copper solder, tin/copperisilver, etc. are
envisaged.

In the case of the alternative embodiment Figure 6, the step 805 of
attachment of the capillary tube to the suction tube comprises passing the
two tubes through a suitable length of heat shrink sleeve, and then heating
the sleeve.

In the case of the alternative embodiment of Figure 6, the three
sections of suction tube are cut to the required lengths, and the ends of the
middle section 607B are deformed. The capillary tube is then passed through
the middle section and the two end sections positioned and brazed with a
silver alloy into the ends of the middle section.

The heat exchanger produced at step 805 is then bent to a required
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shape at step 806, to produce a formed heat exchanger, such as those
shown in Figures 3, 5 and 6.

At step 807 the heat exchanger is located within a heat transfer
system of a refrigeration unit. This step requires leak proof connections to be
made between the suction tube and the capillary tube and a respective end
of the evaporator, and then connections between the capillary tube and the
filtering and drying unit and between the suction tube and the compressor.
During step 807 further manual bending of the heat exchanger is often
required, and therefore it is advantageous for the suction tube to be made
from a material which is easily bent.

In each of the above described embodiments, the capillary tube is a
copper tube. However, in alternative embodiments the capillary tube is an

aluminium tube, or other metal capillary tube.

Figure 9

A table showing alloyed elements of the steel alloy from which the
suction tube is made is shown in Figure 9. The suction tube is formed from a
low carbon steel, having: a carbon content of less than 0.03% by mass; a
manganese content of less than 0.35% by mass; a phosphorus content of
less than 0.03% by mass; sulphur content of less than 0.03% by mass; and
titanium content of between 0.05 and 0.4%.

In preferred embodiments the carbon content is between 0.001% and
0.02% by mass and typically 0.02% by mass; the manganese content is
between 0.10% and 0.25% by mass and typically 0.25% by mass; the
phosphorus content is between 0.00% and 0.02% by mass and typically
0.02% by mass; the sulphur content is between 0.01% and 0.02% by mass
and typically 0.02% by mass; and the titanium content is between 0.06 and
0.3% and typically 0.3%. This type of steel has a yield strength of 180

N/mm?, a tensile strength of 270-350 N/mm? and a minimum elongation of
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40%. Consequently, it has been found that a suction tube made from such
steel may be manually manipulated and bent in a similar manner to a copper

suction tube.

Figure 10

In an experiment to illustrate the suitability of the annealed low carbon
suction tube for use in the heat exchanger, a typical length of 6mm diameter
copper tube was secured at one end between a pair of jaws and the
opposing end was pulled using a scale to measure the force applied. This
was repeated for a similar lengths of a conventional steel tube, made from
steel strip according to EN10139 ed.1999, and the annealed low carbon steel
tube, used in the heat exchanger of Figure 3.

The parameters of the tubes and relative bending torque required to
cause the tubes to plastically bend are shown in the table of Figure 10. As
demonstrated, the copper tube was the easiest to bend but the annealed low
carbon steel tube was substantially softer than the conventional steel tube.

Previously, the relative rigidity of the conventional steel tube often
meant that a copper suction tube must be used. However, the workability of
the annealed low carbon steel tube facilitates the bending and positioning of

the heat exchanger within refrigeration units, such as unit 101.
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Claims

1. In a heat transfer system using a working fluid that undergoes
compression and evaporation, a heat exchanger comprising a first tube for
fluid transmission and a second tube for fluid transmission, in which said first
tube is placed in thermal contact with said second tube for a proportion of the
respective lengths of said first tube and said second tube so as to allow an
exchange of heat between the fluid within said tubes, wherein

said first tube is constructed from steel alloy; and

said steel alloy has alloyed components which reduce the hardness of
said steel to facilitate tube bending, thereby allowing said first tube to be
constructed from said steel within the heat transfer system, in preference to

copper.

2. A heat exchanger according to claim 1, wherein the first tube is a
suction tube for transmission of fluid from an evaporator, and the second

tube is a capillary tube for transmission of fluid to the evaporator.

3. A heat exchanger according to claim 1 or claim 2, wherein said
first tube comprises steel having a carbon content of less than 0.03% by

mass.

4. A heat exchanger according to any of claims 1 to 3, wherein said
first tube comprises steel having a titanium content between 0.05% and
0.4%.

5. A heat exchanger according to claim 4, wherein said first tube

comprises steel having a titanium content between 0.06% and 0.3%.
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6. A heat exchanger according to any of claims 1 to 5, wherein said
first tube comprises steel having a carbon content of less than 0.03% by
mass, a manganese content of less than 0.35% by mass, a phosphorus
content of less than 0.03% by mass and a sulphur content of less than 0.03%

by mass.

7. A heat exchanger according to claim 6, wherein said first tube
comprises steel having a carbon content of up to 0.02% by mass, a
manganese content of up to 0.25% by mass, a phosphorus content of up to

0.02% by mass and a sulphur content of up to 0.02% by mass.

8. A heat exchanger according to any of claims 1 to 7, wherein said

first tube is formed by rolling a sheet into a tubular form and seam welding.

9. A heat exchanger according to any of claims 1 to 8, wherein said
first tube is coated with a protective metallic coating which resists corrosion of

the steel.

10. A heat exchanger according to claim 9, wherein said first tube is

plated with aluminium.

11. A heat exchanger according to claim 9, wherein said first tube is

coated with a zinc coating.

12. A heat exchanger according to any of claims 9 to 11, wherein
said portion of the length of the second tube is soldered or brazed to the

protective coating of the first tube.
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13. A heat exchanger according to any of claims 1 to 10, wherein the

second tube is attached to the first tube using solder or braze.

14. A heat exchanger according to claim 13, wherein the second

tube is soldered to the first tube using a solder comprising of tin alloy.

15. A heat exchanger according to any of claims 1 to 11, wherein the

second tube is attached to the first tube using a heat shrinkable tube.

16. A heat exchanger according to any of claims 1 to 11, wherein
said portion of the length of the second tube is located within the bore of the

first tube.

17. A heat exchanger according to any of claims 1 to 16, wherein

said steel alloy is annealed in order to further reduce its hardness.

18. A method of manufacturing a heat exchanger comprising a
capillary tube for transporting a liquid to an evaporator of a heat transfer
system, and a suction tube for transporting fluid from the evaporator to a
compressor of the heat transfer system, said method comprising the
sequential steps of:

obtaining a suction tube comprising steel having alloyed components
which reduce the hardness of said steel to facilitate bending of the suction
tube;

securing a portion of the length of a capillary tube to a portion of the
length of a suction tube to allow thermal conduction from fluid in the capillary
tube to the fluid in the suction tube; and

bending the suction and capillary tube to a required shape.
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19. A heat exchanger comprising a capillary tube for transporting a
liquid to an evaporator of a heat transfer system, and a suction tube for
transporting fluid from the evaporator,

wherein a portion of the length of the capillary tube is secured to a
portion of the length of the suction tube such that thermal conduction is
provided from the liquid in the capillary tube to the fluid in the suction tube,
and

wherein the suction tube comprises a iron alloy tube, and at least said
portion of the iron alloy tube is coated with a protective coating providing a

surface onto which the capillary tube is soldered or brazed.

20. A heat exchanger according to claim 19, wherein the protective

coating comprises of zinc.

21. A heat exchanger according to claim 19, wherein said suction

tube has a protective coating produced by hot dip zinc coating.

22. A heat exchanger according to any of claims 19 to 21, wherein

said capillary tube is a copper tube.
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