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ABSTRACT

An apparatus and a process for testing fluid from a heat exchanger. A
first fluid from a heat exchanger to be tested is passed through a test heat
exchanger. A second, heat transfer fluid, is in the test heat exchanger. The
second fluid is heated with a heater so that a temperature in the test heat
exchanger can be controlled, for example, to so that conditions in the heat
exchanger are close to the conditions in the heat exchanger. After a period of
time, the test heat exchanger can be removed and inspected, tested, or both.
Also, multiple test heat exchangers may be used to test various process
conditions. Additionally, the test heat exchangers may include different
materials to test various materials. An outer portion of the test heat exchanger

may be at least semi-transparent.
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HEAT EXCHANGER TESTING DEVICE

CROSS-REFERENCES TO RELATED APPLICATIONS
[001] This application claims priority to United States Patent Application
Serial No. 15,724,046 filed on October 3, 2017, the entirety of which is

incorporated herein by reference.

BACKGROUND OF THE INVENTION

[002] Heat exchangers often involve fluids flowing through conduits. The
nature of the fluids passing through the heat exchangers and conduits, and the
temperatures and other conditions present in the heat exchangers and conduits
can lead to problems.

[003] For example, various portions of the heat exchangers and conduits may
become corroded as a result of the fluid, conditions or both. The corrosion can
lead to leakage or breakage. Additionally, the heat exchangers and conduits
may develop deposits as a result of materials in the fluid. The deposits may
interfere with the flow of fluid through the heat exchangers and conduits and
may also reduce the heat transfer capacity of same. Both of these problems are
undesirable.

[004] Many of these problems cannot be observed until after the heat
exchanger has been online for some time. Furthermore, many of these
problems can only be observed by removing and disassembling the heat
exchanger and inspecting the conduits contained therein. The heat exchangers
tend to be very large and can be quite costly. Additionally, removing the heat
exchanger may require a process to shut down, which may impact a facility’s
production and output. Accordingly, it 1s crucial to avoid removing and
disassembling a heat exchanger.

[005] Therefore, it would be desirable to have an apparatus or process which

allows for the materials of the conduits and the heat exchanger to be tested
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under nearly identical process conditions apart from the heat exchanger.

SUMMARY OF THE INVENTION

[006] In one or more embodiments, the present invention provides a process
and a device that can be placed inline with, or in a parallel line to, the fluid
carrying conduits of the heat exchanger. The device can be subjected to the
identical flow rates, temperatures, and other conditions of the heat exchangers
that are used in the process (such as tube-and-shell heat exchangers) or other
conduits. Accordingly, the testing device will be operated under nearly
identical conditions as the heat exchangers in the plant or process. This will
allow portions of the testing device to be disassembled and inspected for scale,
corrosion and microbiological matter after a period of exposure time.

[007] Therefore, in one aspect of the present invention, the invention provides
a device for testing a heat exchanger configured to transfer heat to a first fluid,
recover heat from the first fluid, or both. The device includes a test heat
exchanger having a first inlet configured to receive the first fluid from the heat
exchanger, a first outlet for the first fluid to the heat exchanger, a second inlet
configured to receive a recirculating fluid, and, a second outlet for the
recirculating fluid. The second outlet and the second inlet form a recirculation
loop. The first fluid from the heat exchanger and the recirculating fluid are
isolated fluidically. The device also includes a pump communicating with the
test heat exchanger in the recirculation loop. Finally, the device inclﬁdes a
heater communicating with the test heat exchanger in the recirculation loop.
The pump and the heater are configured to heat and circulate the recirculating
fluid to adjust conditions in the test heat exchanger. The test heat exchanger,
the pump and the heater are all disposed on a skid.

[008] In at least one embodiment of the present invention, the test heat
exchanger comprises a shell with at least one tube inside of the shell.
Accordingly, it is contemplated that the first fluid from the heat exchanger
flows inside of the at least one tube of the test heat exchanger and the

recirculating fluid flows outside of the at least one tube. Alternatively, it is
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contemplated that the recirculating fluid flows inside of the at least one tube of
the test heat exchanger and the first fluid from the heat exchanger flows outside
of the at least one tube of the test heat exchanger.

[009] In some embodiments of the present invention, the device includes a
second test heat exchanger. The second test heat exchanger includes a first
inlet configured to receive the first fluid from the heat exchanger, a first outlet
for the first fluid from the heat exchanger, a second inlet configured to receive
the recirculating fluid, and, a second outlet for the recirculating fluid. The first
fluid from the heat exchanger and the recirculating fluid are isolated fluidically
in the second test heat exchanger. It is contemplated that the first test heat
exchanger comprises an inner tube in an outer tube and the second test heat
exchanger comprises an inner tube in an outer tube. It is further contemplated
that the inner tube of the first test heat exchanger comprises a first material, and
the inner tube of the second test heat exchanger comprises a second material
different than the first material.

[0010] In at least one embodiment of the present invention, the device includes
at least one probe disposed in a conduit for the first fluid from the first heat
exchanger, the recirculating fluid, or both.

[0011] In one or more embodiments of the present invention, an exterior
portion of the test heat exchanger is semitransparent.

[0012] In another aspect of the present invention, the invention provides a
process for testing a fluid from a conduit which includes: passing a portion of a
first fluid from a heat exchanger to a test heat exchanger; circulating a second
fluid through the test heat exchanger with a pump; and, heating the second fluid
in a heater in order to control a temperature of the test heat exchanger, wherein
the first fluid and second fluid are isolated fluidically.

[0013] In at least one embodiment, the test heat exchanger comprises a shell
with at least one tube inside of the shell. Accordingly, it is contemplated that
the process further includes passing the first fluid through the at least one tube
of the test heat exchanger, and, passing the second fluid through the shell of the

test heat exchanger and outside of the at least one tube of the test heat
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exchanger. Alternatively, it is contemplated that the process further includes
circulating the second fluid through the at least one tube of the heat exchanger,
and, passing the first fluid through the shell of the test heat exchanger and
outside of the at least one tube of the test heat exchanger.

[0014] In at least one embodiment, monitoring a flow rate of at least one of the
first fluid and the second fluid.

[0015] In one or more embodiments of the present invention, the process also
includes passing at least a portion of the first fluid through a second test heat
exchanger, circulating at least a portion of the second fluid through the second
test heat exchanger with the pump, wherein the first fluid and second fluid are
isolated fluidically in the second test heat exchanger, and, heating the second
fluid in the heater to control a temperature of the second test heat exchanger. It
is contemplated that the first test heat exchanger comprises an inner tube in an
outer tube and the second test heat exchanger comprises an inner tube in an
outer tube. It is further contemplated that the inner tube of the first test heat
exchanger comprises a first material, and the inner tube of the second test heat
exchanger comprises a second material different than the first material.

[0016] In some embodiments of the present invention, the process includes
removing the test heat exchanger from the process. It is further contemplated
that the process includes testing at least a portion of the test heat exchanger
which had received the first fluid from the heat exchanger.

[0017] In at least one embodiment of the present invention, an exterior portion
of the test heat exchanger is semitransparent.

[0018] According to another embodiment, the present invention provides a
device for testing a fluid from a heat exchanger. The device includes test heat
exchanger, a heater, and a skid. The test heat exchanger and the heater are
disposed on the skid. The test heat exchanger includes a first inlet configured
to receive the fluid from the heat exchanger, a first outlet for the fluid to the
heat exchanger, a second inlet configured to receive a heat transfer fluid, and, a
second outlet for the heat transfer fluid. The fluid from the heat exchanger and

the heat transfer fluid are isolated fluidically within the test heat exchanger.
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The heater is in communication with the test heat exchanger and is configured
to heat the heat transfer fluid.

[0019] It is contemplated that the test heat exchanger is a shell with at least one
tube inside of the shell. The fluid from the heat exchanger flows inside of the
at least one tube of the test heat exchanger and the heat transfer fluid flows
outside of the at least one tube. Alternatively, the heat transfer fluid flows
inside of the at least one tube of the test heat exchanger and the fluid from the
heat exchanger flows outside of the at least one tube of the test heat exchanger.

[0020] It is also contemplated that the device includes a second test heat
exchanger having a first inlet configured to receive the fluid from the heat
exchanger, a first outlet for the fluid from the heat exchanger, a second inlet
configured to receive the heat transfer fluid, and, a second outlet for the heat
transfer fluid. The fluid from the heat exchanger and the heat transfer fluid are
isolated fluidically in the second test heat exchanger. In various
configurations, the first test heat exchanger includes an inner tube in an outer
tube, and the second test heat exchanger includes an inner tube in an outer tube.
In some configurations, the inner tube of the first test heat exchanger comprises
a first material, and the inner tube of the second test heat exchanger comprises
a second material different than the first material.

[0021] It is further contemplated that the device includes at least one probe
disposed in a conduit for the fluid from the heat exchanger, the heat transfer

fluid, or both.

[0022] It is contemplated that an exterior portion of the test heat exchanger is
semitransparent.
[0023] It is contemplated that the device further includes a pump in

communication with the test heat exchanger and configured to circulate the
heat transfer fluid between the pump, the heater, and the test heat exchanger.
[0024] In still another embodiment, the present invention provides a device for
testing a fluid from a heat exchanger which includes at least two test heat
exchangers and a heater in communication with at least one of the test heat

exchangers. The two test heat exchangers each include a first inlet configured
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to receive the fluid from the heat exchanger, a first outlet for the fluid to the
heat exchanger, a second inlet configured to receive a heat transfer fluid, and, a
second outlet for the heat transfer fluid. The fluid from the heat exchanger and
the heat transfer fluid are isolated fluidically within each test heat exchanger.
The heater is configured to heat the heat transfer fluid.

[0025] It is contemplated that the two test heat exchangers are both contained
within a housing.

[0026] It is further contemplated that the two test heat exchangers each
comprise a tube-in-tube heat exchanger. An outer portion of each tube-in-tube
heat exchanger is at least semi-transparent.

[0027] It is also contemplated that the two test heat exchangers each are a tube-
in-tube heat exchanger with an inner tube of the first test heat exchanger being
a first material, and an inner tube of the second test heat exchanger being a
second material different than the first material.

[0028] It is contemplated that the device further includes a pump in
communication with the two test heat exchangers and configured to circulate
the heat transfer fluid between the pump, the heater, and the two test heat
exchangers.

[0029] It is still further contemplated that the heater is in communication with a
first test heat exchanger, and the device includes a second heater in
communication with a second test heat exchanger. It is further contemplated
that each test heat exchanger has a first end and a second, opposite end. A
heater is disposed at each end of both test heat exchangers.

[0030] In yet another embodiment, the present invention provides a device for
testing a fluid from a heat exchanger, which includes a test heat exchanger and
a heater in communication with the test heat exchanger. The test heat
exchanger includes a first inlet configured to receive the fluid from the heat
exchanger, a first outlet for the fluid to the heat exchanger, a second inlet
configured to receive a heat transfer fluid, and, a second outlet for the heat
transfer fluid. The fluid from the heat exchanger and the heat transfer fluid are

isolated fluidically within the test heat exchanger. Additionally, the test heat
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exchanger includes an inner tube within an outer tube. An outer portion of the
test heat exchanger is semitransparent. The heather is configured to heat the
heat transfer fluid.

[0031] It is contemplated that the device includes a second test heat exchanger
having a first inlet configured to receive the fluid from the heat exchanger, a
first outlet for the fluid to the heat exchanger, a second inlet configured to
receive a heat transfer fluid, and, a second outlet for the heat transfer fluid. The
fluid from the heat exchanger and the heat transfer fluid are isolated fluidically
within the second test heat exchanger. The second test heat exchanger is an
inner tube within an outer tube. An outer portion of the second test heat
exchanger is semitransparent. Additionally, it is contemplated that the device
includes a second heater in communication with the second test heat exchanger.
The second heater is configured to heat the heat transfer fluid of the second test
heat exchanger.

[0032] These and other embodiments and aspects of the present invention will
be appreciated by those of ordinary skill in the art based upon the following

description of some of the embodiments and aspects of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] The figures in the appended drawing will make it possible to understand
how the invention can be produced. In these figures, similar reference numbers
denote similar elements.

[0034] Figure 1 is a schematic view of a device according to an embodiment of
the present invention.

[0035] Figure 2A is front perspective view of a device according to one or more
embodiments of the present invention.

[0036] Figure 2B is a schematic view of a portion of the device shown in Figure
2A.

[0037] Figure 3A is a top view of a device according to an embodiment of the
present invention showing conduit lines for a recirculating fluid.

[0038] Figure 3B is a top view of the device shown in Figure 3A showing
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conduit lines for a fluid from a heat exchanger.

[0039] Figure 4 is a front view of a device according to an embodiment of the
present invention.

[0040] Figure 5 is a side partial cutaway view of a heat exchanger used in one
or more embodiments of the present invention.

[0041] Figure 6 is a side cutaway view of another heat exchanger used in one or
more embodiments of the present invention.

[0042] Figure 7 is a process flow diagram according to one or more
embodiments of the present invention.

[0043] Figure 8 is a schematic view of another device according to one or more
embodiments of the present invention.

[0044] Figure 9 is a side partial cutaway view of another heat exchanger used in

one or more embodiments of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0045] With reference to Figure 1, a device 10 according to one or more
embodiments of the present invention is shown which include a first heat
exchanger 12and a test heat exchanger 14. The first heat exchanger 12
receives a first fluid, for example via a line 16, and recovers heat from the first
fluid, or passes heat to the first fluid, or both. Typically, the first heat
exchanger 12 also receives another fluid, for example, via a line 18, which can
supply heat to the first fluid or receive heat from the first fluid. These heat
exchangers 12 are known.

[0046] In order to test the materials of the first heat exchanger 12, a portion of
the first fluid is passed, via a line 20, to the test heat exchanger 14.
Accordingly, the test heat exchanger 14 has an inlet 22 for the first fluid and an
outlet 24 to return the first fluid to the first heat exchanger 12. The first fluid
may be combined with fluid exiting the first heat exchanger 12, and it would
still be considered returning the first fluid to the first heat exchanger 12.

[0047] As shown in Figure 1, the test heat exchanger 14 also has an inlet 26 for

a recirculating fluid and an outlet 28 for the recirculating fluid. Within the test
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heat exchanger 14, the first fluid and the recirculating fluid do not come into
fluid contact (i.e., the two are isolated fluidically). In one embodiment of the
present invention the recirculating fluid is glycol, however any other such
fluids, such as water, may be used.

[0048] The recirculating fluid is circulated into and out of the test heat
exchanger 14 via a pump 30 in a recirculation loop. In order to adjust the
temperature of the recirculating fluid, the device 10 includes a heater 32. The
heater 32 may be used to adjust the temperature of the recirculating fluid,
which in turn will adjust the temperature in the test heat exchanger 14 to have
similar operating conditions to the first heat exchanger 12.

[0049] Appropriate temperature sensors 34 are used to maintain the skin
temperature of the test heat exchanger 14 at a temperature approximately equal
to the skin temperature of the first heat exchanger 12. Additionally, flow
meters 36 are provided in at least one line 38 to allow for appropriate
calculations of erosion and scale deposit which may be extrapolated from the
test period of operation of the test heat exchanger 14.

[0050] The test heat exchanger 14 of the device 10 can be operated for a
predetermined period of time. For example, the device 10 can be operated for
an amount of time that is sufficient to determine corrosion levels in the first
heat exchanger 12 by extrapolating the data from the test heat exchanger 14. In
order to view the corrosion, mineral deposits, or other problems that may arise,
the test heat exchanger 14 can be removed from the device 10 and opened for
visual inspection. If needed, one or more portions of the test heat exchanger 14
can be destructively tested.

[0051] Another embodiment of the present invention is shown in Figures 2A
and 2B in which components which are similar to the ones described above,
have similar reference numerals with the exception of a preceding “2.”

[0052] As shown in this embodiment, the device 210 includes a test heat
exchanger 212 and a housing 240 mounted on a skid 270. Although not shown,
a pump and a heater are disposed inside of the housing 240 (see Figure 2B, |

below). The skid 270, or movable platform, includes a base 272, supports
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274, and a backing 276. The base 274 of the skid 270 has a width W of
approximately 0.91 meters (36 inches) and a depth D of approximately 1.1 (42
inches). For example, the base 274 of the skid 270 may be sized so that the
device 210, including the test heat exchanger 212, can be moved with a pallet
jack or other similar devices for moving pallets. Such a device 210 can be
easily placed near operating heat exchangers and placed online for the testing
period. Once the testing period is completed, the device 210 can be taken
offline, inspected, and, if desired, moved to another location for testing.

[0053] As shown in Figure 2B, a potential equipment layout arrangement for
the housing 240 according to one embodiment includes a pump 230 typically
driven by a motor, and a heater 232. Various electrical components of the
device are shown as also being contained in the housing 240 including various
circuit breakers 242, transformers 244, switches, input/output devices 246, and
instrumentation 248. The input/output devices 246 can be, for example, a
touch screen which displays information associated with the temperature
sensors 32 or flow meters 36. See, Figure 1. Additionally, the input/output
devices 246 can allow for control of the heater 232 to adjust the temperature or
adjust valves (discussed below) to control the flow of fluids in the device.

[0054] Another embodiment of the present invention is shown in Figures 3A
and 3B in which components which are similar to the ones described above,
have similar reference numerals with the exception of a preceding “3.”

[0055] As shown in this embodiment, the device 310 includes one or more
testing probes 350 disposed in, for example, conduits 338a for the second fluid.
In a preferred embodiment, the testing probe 350 is capable of testing both the
first fluid and the recirculating fluid.

[0056] In Figure 3A, for example, the probe 350 is disposed within a conduit
338a for the recirculating fluid. As can be seen in Figure 3B, the probe 350
also receives a portion of the first fluid via conduits 338b. The probes 350 can
provide, for example, pH values, ionic data, or other data about the first fluid or
the recirculating fluid.

[0057] Additionally, as can be seen in Figure 3B, in this embodiment, the

10
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device 310 includes a second pump 352. The second pump 352 moves the first
fluid throughout the device 310, including the probes 350, in order to avoid any
pressure drop.

[0058] Accordingly, another embodiment is shown in Figure 4 in which
components which are similar to the ones described above, have similar
reference numerals with the exception of a preceding “4.”

[0059] As depicted in Figure 4, a device 410 includes two test heat exchangers
414a, 414b which are arranged in parallel. It is also contemplated that the test
heat exchangers 414a, 414b could be arranged in series. Each test heat
exchanger 414a, 414b receives a portion of the first fluid via inlets 422a, 422b
and a portion of the recirculating fluid via inlets 426a, 426b. By utilizing more
than one test heat exchanger 414a, 414b, different materials, such as metals,
metal alloys, or other materials typically used or conditions can be evaluated at
the same time.

[0060] Additionally, as shown in Figure 4, this embodiment of the device 410
includes a tank 454 which operates as a reservoir for recirculating fluid. If
needed, additional fluid can be withdrawn from the tank 454.

[0061] Figures 5 and 6 depicted various designs for the test heat exchangers
that may be utilized in the various embodiments of the present invention.

[0062] In Figure 5, for example, a test heat exchanger 514 is shown which
comprises a tube-in-tube design. The tube-in-tube test heat exchanger 514
includes an inner tube 556 and an outer tube 558. One fluid flows inside of the
inner tube 556, and the second fluid flows in a space 560 between the inner
tube 556 and the outer tube 558. It is contemplated that a portion of a heat
exchanger 514, for example the outer tube 558, is at least semi-transparent to
allow for visual inspection while the device is operating.

[0063] As shown for example in Figure 6, a test heat exchanger 614 comprises
a tube-and-shell heat exchanger 614. The tube-and-shell heat exchanger 614
comprises an outer shell 662 with at least one tube 664 inside of the shell 662.
A first fluid flows in the at least one tube 664, while the second flows in a

space 666 between the shell 662 and the at least one tube 664.
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[0064] For example, the recirculated fluid may flow in the space 666 between
the shell 662 and the at least one tube 664, while the first fluid flows with the at
least one tube 664. Alternately, the recirculated fluid may flow through the at
least one tube 664 and the first fluid may flow in the space 666 between the
shell 662 and the at least one tube 664.

[0065] As will be appreciated other designs for the test heat exchanger may be
used in which the test heat exchanger allows for the conditions of the test heat
exchanger to reproduce the conditions of the heat exchanger.

[0066] With reference to Figure 7, in which components which are similar to
the ones described above, have similar reference numerals with the exception
of a preceding “7,” an exemplary process according to the present invention
will be described.

[0067] A portion of the first fluid which is passed to a heat exchanger is passed
via a line 720 to at least one test heat exchanger 714. The first fluid in line 720
preferably is a slip stream of a conduit passing the first fluid into the heat
exchanger, although other configurations may also be employed. A portion of
the first fluid may also be passed to a first probe 750a to obtain, for example,
electrochemical or other conditions of the first fluid.

[0068] The first fluid is passed through test heat exchanger 714. Upon exiting
the test heat exchanger 714, the first fluid may be passed back to the heat
exchanger. It is contemplated that a portion of the first fluid after it exits the
test heat exchanger 714 may be passed to a second probe 750b to obtain, again,
for example, electrochemical or other conditions of the first fluid. The first
fluid could be returned upstream to the heat exchanger or downstream of the
heat exchanger.

[0069] In addition to the first fluid, the test heat exchanger 714 receives a
recirculating fluid that is passed in a recirculation loop via a pump 730.
Accordingly, recirculating fluid may be passed from a tank 754 to a heater 732
to obtain a desired temperature. Once the recirculating fluid has been heated,
the recirculating fluid is passed to the test heat exchanger 714. After passing
through the test heat exchanger 714, the recirculating fluid may be returned to

12
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the tank 754. A portion of the recirculating fluid exiting the test heat
exchanger 714 may also be passed to each of the probes 750a, 750b.

[0070] Flow meters 736 and temperature sensors 734 may be used to monitor
the flow rates and temperatures of the fluids at various positions in the process.
Valves 768 and the heater 732 can be used to adjust the temperature(s) and
flow rate(s) into and out of the test heat exchanger 714 so that it is equivalent to
the operating conditions of the heat exchanger.  Additionally, the
temperature(s) and flow rate(s) can be adjusted to allow for the testing of
different operating conditions in each test heat exchanger to allow for
simultaneous testing. Furthermore, in devices and process with multiple heat
exchangers, the different heat exchangers can include different materials,
different operating conditions or both, to allow the testing of multiple
conditions and materials at the same time.

[0071] After an amount of time that is preferably predetermined to be
sufficient, any of the test heat exchangers can be taken offline and inspected at
a fraction of the cost of the heat exchanger. Further, there is minimal, if any,
impact on the heat exchanger operations as it can continue to be operated while
the test heat exchanger is being inspected and potentially subjected to
destructive testing. Thus, in addition to avoiding the destruction of the expense
heat exchanger, the devices and processes of the present invention allow the
process using the heat exchangers to continue operations while the teste heat
exchanger is removed, inspected and tested.

[0072] Turning to Figures 8 and 9, another embodiment of the present invention
is shown in which components which are similar to the ones described above,
have similar reference numerals with the exception of a preceding “8.”

[0073] In Figure 8, a heat exchanger testing device 810 is shown in which three
test heat exchangers 814 are contained with a housing 840. The housing 840
can be made from any suitable material, such as, for example, metal.

[0074] Each of the test heat exchangers 814 comprise a tube-in-tube design in
which the outer tube 858 surrounds the inner tube 856. Preferably, the outer
tube 858 is at least partially transparent as discussed above. Additionally, each

13
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of the test heat exchangers 814 includes an inlet 822 for the first fluid and an
outlet 824 for the first fluid. As with the previous embodiments, the first fluid
is fluid that is typically used in the heat exchanger 12 (FIG. 1) that is being
inspected with the testing device 810. As would be appreciated, the
configuration and relationship shown in FIG. 1 between the heat exchanger 12
and the test heat exchanger 14 is merely exemplary to illustrate that both
receive the first fluid. The test heat exchangers 814 also include an inlet 826
and an outlet 828 for the second fluid, which comprises the heat transfer fluid,
such as water, glycol, or a mixture thereof.

[0075] The heat exchanger testing device 810 also various includes temperature
sensors 824 and flow meters 836. Circuity 880 is contained within the housing
840 of the heat exchanger testing device 810 and includes a processor,
memory, and/or hardware (e.g., ports, interfaces, antennas, amplifiers, signal
processors, etc.) for wired or wireless communication. The circuity 880 may
also include software stored in a non-transitory medium, hardware, firmware,
etc., containing executable instructions for causing the heat exchanger testing
device 810 or components thereof to perform one or more steps, to receive data
from one or more instruments, such as the temperature sensors 824 and flow
meters 836 and/or transmit data, via a wired or wireless communication
method. Example software can include an operating system running one or
more applications (apps) that perform one or more steps of example methods.
Existing operating systems or apps may be configured to cause circuity 880 to
perform steps of example methods.

[0076] The transmission of the data can be a wireless transmission (for example
by WiF1i) or a wired transmission (for example using an Ethernet RJ45 cable or
an USB cable). For a wireless transmission (for example, Bluetooth, WiFi,
LiF1, 4G or 5G or future generation mobile network), a wireless transceiver (for
example a WIiFi transceiver) is connected to a communication port of the
circuity 880. The transmission can be performed automatically, at the request
of the circuity 880, in response to a request from another device, or in other

ways. A request can be generated in response to a received input, or generated

14

CA 3019696 2018-10-03



automatically. Additionally, the circuity 880 is in communication with at least
one heater 832.

[0077] As shown in FIGS. 8 and 9, in this embodiment, each test heat
exchanger 814 is associated with at least one heater 832. In the preferred
embodiment, each test heat exchanger 814 is associated with two heaters 832,
one at each end of the test heat exchanger 814 as shown in FIGS. 8 and 9.
Specifically, a “T” coupling 833 is disposed at each end of the test heat
exchanger §14. The heaters 832 comprise a rod 880 that extends through a “T”
coupling 833 and into the inner tube 856 of the test heat exchanger 814. The
heat transfer fluid is contained with the “T” couplings 833 and the inner tubes
856 and surrounds the rod 880 of the heater 832. Exemplary heaters 832 that
are contemplated to be used are available from Watlow Electric Manufacturing
Co., in St. Louis, Missouri.

[0078] The “T” couplings 833 can be closed, meaning that heat transfer fluid
does not circulate out of the test heat exchanger 814 and the “T” couplings 833.
Such a configuration eliminates the need for a pump, and reduces the required
electrical demand of the testing device 810. However, it is also contemplated
that the heat transfer fluid is circulated between the various test heat
exchangers 814 via the “T” couplings 833--with one “T” coupling 833
functioning as an inlet for the heat transfer fluid and one T” coupling
functioning as an outlet for the heat transfer fluid.

[0079] In use, the heat transfer fluid is heated by one of the heaters 832
disposed at the ends of the test heat exchangers 814. The (heated) heat transfer
fluid heat the inner surface of the inner tube 856. The first fluid, in the outer
tube 858, contacts the outer surface of the inner tube 856 and absorbs heat to
achieve the desired conditions within the test heat exchanger 814, for example
to mimic the conditions (e.g., the skin temperature) of the heat exchanger 12.

[0080] The temperature of the heaters 832 can be set as a group or individually.
The circuity 880 includes controls configured to adjust the temperature of the
heaters 832, or each heater 832 may include its own controller. Additionally,

the temperatures can all be the same or they can be different. By using
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different temperatures for some of the heaters 832, different conditions can be
created in different heat exchangers 8§14 of the testing device 810. As will be
appreciated, by providing different conditions with the test heat exchangers
814, different operating conditions can be utilized simultaneously.

[0081] As is apparent from the foregoing specification, the invention is
susceptible of being embodied with various alterations and modifications
which may differ particularly from those that have been described in the
preceding specification and description. It should be understood that I wish to
embody within the scope of the patent warranted hereon all such modifications

as reasonably and properly come within the scope of my contribution to the art.
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CLAIMS

1. A device for testing a fluid from a heat exchanger, the device
comprising:

at least two test heat exchangers, each test heat exchanger comprising a
first inlet configured to receive the fluid from the heat exchanger, a first outlet
for the fluid to the heat exchanger, a second inlet configured to receive a heat
transfer fluid, and, a second outlet for the heat transfer fluid, wherein the fluid
from the heat exchanger and the heat transfer fluid are isolated fluidically
within each test heat exchanger; and,

a heater in communication with at least one of the test heat exchangers,

the heater configured to heat the heat transfer fluid

2. The device of claim 1, wherein a first test heat exchanger has a
first end and a second, opposite end, and wherein the heater is disposed at at

least one of the first ends and the second ends.

3. The device of claim 1 or claim 2, wherein the two heat
exchangers each have a first end and a second, opposite end, and wherein the
heater is disposed at at least one of the first ends and the second ends of both

test heat exchangers.

4. The device of claims 2 or 3, wherein at least one heat exchanger

has a heater at both the first end and the second end.

5. The device of claims 4, wherein both heat exchangers have a

heater at both the first end and the second end.

6. The device of any one of claims 1 to 5, wherein the at least two

test heat exchangers are both contained within a housing.
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7. The device of any one of claims 1 to 6, wherein the at least two
test heat exchangers each comprise a tube-in-tube heat exchanger, and wherein
an outer portion of each tube-in-tube heat exchanger is at least semi-

transparent.

3. The device of any one of claims 1 to 7, wherein the at least two
test heat exchangers each comprise a tube-in-tube heat exchanger, and an inner
tube of a first test heat exchanger comprising a first material, and an inner tube
of the second test heat exchanger comprising a second material different than

the first material.
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