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LUBRICATION DRYING PROCESS FOR TUBE

BACKGROUND OF THE INVENTION

[0001] The subject matter disclosed herein relates to heat exchanger tubes. More
specifically, the subject disclosure relates to a lubricant drying system for expansion of heat
exchanger hairpin tubes.

[0002] Heat exchangers of, for example, air conditioners, include a plurality of heat
exchanger fins and a plurality of heat exchanger tubes. The tubes are passed through holes in
the fins, then are expanded to force the tubes into interference fit with the fins, thereby
securing the tubes in place relative to the fins. The tubes include hairpin bend portions which
are formed from straight tubes by bending, and then are expanded. Typically, the hairpin
tubes are coated in lubricant prior to expansion, to prevent buildup of tube material (typically
aluminum) on the expansion tooling, and also to reduce a force needed to expand the tube
using the expansion tooling. The lubricant utilized, such as a dry-lubricant, is applied to the
tubes wet, with the aid of a solvent. For optimal lubricant performance, and to achieve proper
expansion, the solvent must be dried out of the tube prior to expansion of the tube to reduce

variability, and resulting defects, during the expansion process.

BRIEF DESCRIPTION OF THE INVENTION

According to one aspect of the invention, a method of lubricating an interior of a tube
includes applying a lubricant including a mixture of an additive and a solvent into an interior
of a tube. A flow of drying agent is injected into a first end of the tube to force the solvent
from the interior of the tube via a second end of the tube thereby leaving a coating of additive
at the interior of the tube. The drying agent is heated to remove additional solvent from the
interior of the tube via evaporation.

[0003] These and other advantages and features will become more apparent from the

following description taken in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] The subject matter, which is regarded as the invention, is particularly pointed
out and distinctly claimed in the claims at the conclusion of the specification. The foregoing
and other features, and advantages of the invention are apparent from the following detailed

description taken in conjunction with the accompanying drawings in which:
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[0005] Figure 1 is a schematic diagram of a process of forming tubes for a heat
exchanger; and

[0006] Figure 2 is a schematic of an embodiment of a hairpin bend tube for a heat
exchanger.

[0007] The detailed description explains embodiments of the invention, together with

advantages and features, by way of example with reference to the drawings.

DETAILED DESCRIPTION OF THE INVENTION

[0008] Shown in FIG. 1 is a schematic of a process 10 for forming tubes 12 for a heat
exchanger. The tubes 12 formed via this process are formed of an aluminum material, but it is
to be appreciated that other materials, such as copper materials, may be utilized.

[0009] Raw material 14, in this case aluminum, is formed into a tubular shape by, for
example, extrusion, and rolled into a coil 16. A lubricant 18 including a desired amount of
additive, coupled with a solvent which facilitates application of the lubricant, is circulated
through the coil 16. In some embodiments, the lubricant is applied via a hose (not shown)
which directs the lubricant into an interior of the coil 16. The lubricant, more specifically the
additive, has the properties of high lubricity and low coefficient of friction, in some
embodiments a coefficient of friction less than 0.10. In some embodiments, the coefficient of
friction is between about 0.05 and 0.08. In some embodiments, the ratio of additive to solvent
in the lubricant 18 is about nine parts solvent by weight to one part additive by weight. In
some embodiments, the lubricant is one of Pre-Coat 456 or Pre-Coat 456e lubricant
commercially available from Circle Prosco, Inc.

[0010] A flow of air 20 or other drying agent is injected into the tube 12 to remove
the solvent from the lubricant 18 by forcing the solvent from the coil 16 due to the pressure of
the injected drying agent. Removing the solvent from the lubricant 18 results in a coating of
additive remaining on the interior of the coil 16. In some embodiments, the drying agent is
injected into the tube for a predetermined length of time, for example, in the range of 5-7
minutes. In some embodiments, the time is about 5.5 minutes.

[0011] In some embodiments, heat is added to the drying agent to reduce the drying
time by also removing at least a portion of the solvent via evaporation. In some embodiments,
a temperature of the drying agent is in the range of about 200-220 degrees Fahrenheit. In this
range, the lubricant 18 is reduced to about 10 percent of its initial weight, which corresponds

to the weight of the additive remaining after the solvent, representing about 90 percent of the
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lubricant 18 weight is removed. Further, minimizing humidity of the drying agent decreases
drying time.

[0012] The coil 16 is cut to produce a plurality of individual tubes 12 of one or more
desired lengths. In some embodiments, the tubes 12 are formed into a hairpin shape as shown
in FIG. 2. As a result of the forming process, additional solvent may be loosened from an
interior of the tube 12, and an additional flow 20 of drying agent may be injected into the
tube 12 to remove the solvent. This injection may be done utilizing one or more air knives 22
or other suitable mechanisms. The flow 20 of drying agent is injected into a first end 24 of
the tube 12, so that the solvent may flow out from a second end 26 of the tube 12.
Additionally, as with the previous injection of a flow 20 of drying agent, the flow 20 may be
heated and/or the humidity reduced thereby further reducing a drying time of the tube 12.

[0013] Once a desired amount of solvent has been removed from the tube 12, the tube
12 is passed through fins (not shown) of the heat exchanger, then are expanded to force the
tube 12 into interference fit with the fins, thereby securing the tube 12 in place relative to the
fins. Because of the application of, and proper removal of the solvent from the mixture 18,
the additive performance allows for a reduction in force required to sufficiently expand the
tube 12 and reduces variability in the expansion process, and defects resulting from the
variability.

[0014] While the invention has been described in detail in connection with only a
limited number of embodiments, it should be readily understood that the invention is not
limited to such disclosed embodiments. Rather, the invention can be modified to incorporate
any number of variations, alterations, substitutions or equivalent arrangements not heretofore
described, but which are commensurate with the spirit and scope of the invention.
Additionally, while various embodiments of the invention have been described, it is to be
understood that aspects of the invention may include only some of the described
embodiments. Accordingly, the invention is not to be seen as limited by the foregoing

description, but is only limited by the scope of the appended claims.



WO 2012/102961 PCT/US2012/022013
CLAIMS:

1. A method of lubricating an interior of a tube comprising:
applying a lubricant including a mixture of an additive and a solvent into an
interior of a tube;
injecting a flow of a drying agent into a first end of the tube to force the
solvent from the interior of the tube via a second end of the tube thereby leaving a
coating of additive at the interior of the tube; and
heating the flow of the drying agent to remove additional solvent from the
interior of the tube via evaporation.
2. The method of Claim 1, further comprising heating the flow of the drying agent
to between about 200 and about 220 degrees Fahrenheit.
3. The method of Claim 1, further comprising removing humidity from the flow of
drying agent.
4. The method of Claim 1, wherein the additive has a coefficient of friction of less
than 0.1.
5. The method of Claim 4, wherein the coefficient of friction is between about 0.05
and about 0.08.
6. The method of Claim 1, wherein the lubricant is applied in a ratio of about nine
parts solvent to about one part additive.
7. The method of Claim 1, wherein the tube is formed from an aluminum material.
8. The method of Claim 1, wherein the flow of drying agent is injected into the tube
for between about 5 and about 7 minutes.
9. The method of Claim 1, wherein the tube is a tube for a heat exchanger.
10. The method of Claim 1, wherein the tube is substantially hairpin-shaped.
11. The method of Claim 1, wherein the drying agent is air.
12. The method of Claim 1, further comprising:
forming the tube to a desired shape; and
injecting a second flow of drying agent into the tube.

13. A hairpin bend tube for a heat exchanger produced by the process of Claim 1.
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