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(57) Abstract: Systems and methods for cooling an animal are provided to
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actively cool an animal relative to ambient environmental temperature. The
systems include a metallic panel having an upper surtace for contacting the

animal and a lower surface, at least one metallic cooling element thermally
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FIG. 1

contacting the lower surface of the metallic panel and having an internal pas-
sage therein, and means for flowing a coolant through the internal passage of
the cooling element. Flow of the coolant through the cooling element reduces
the temperature of the upper surface of the metallic panel and thereby re-
duces the body temperature of the animal when the animal is in contact with
the metallic panel.
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SYSTEMS AND METHODS FOR COOLING AN ANIMAL

BACKGROUND OF THE INVENTION

[0001] The present invention generally relates to systems and methods for cooling
animals to promote well-being and reproductive performance. The invention particularly
relates to a system comprising a cooling pad configured to actively cool an animal relative

to the ambient environmental temperatures to which the animal is exposed.

[0002] Modern hog farrowing operations have reached a state in which the ambient
environmental conditions preferred for piglets are usually significantly different from that
preferred for the sow. Selection for increased litter size and lean growth has led to the
selection of piglets with decreased birth weights and less body energy reserves at birth. In
order to promote survival rates of the piglets, ambient environmental (room) temperatures
greater than 25°C and a floor lying area temperature of about 37°C provided by heat pads or
heat lamps is currently recommended for farrowing barns. Therefore, in most swine
producing areas, the farrowing rooms are maintained at about 25°C for about nine months

of the year, and the barns are often still warmer during summer months.

[0003] However, sows have an increased susceptibility to heat stress, if the ambient
temperature in the farrowing room rises above 25°C. Recently, greater than 60% of sow farm
operations in the U.S.A. reported a decline in fertility during the warmest summer months
of July and August. Moreover, daily feed intakes, milk production levels, and subsequent
reproductive performance of sows are negatively impacted as a result of maintaining
farrowing room temperatures of 25°C to promote piglet survival. This issue has been
worsened by increases in litter size and milk production which have increased the heat
production of lactating sows by 55% to 70% and reduced their upper critical temperature to

approximately 18°C.
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[0004] If the anticipated ambient environmental temperatures continue to be increased,
it will become increasingly more important for lactating sows to be provided with some form
of active cooling to maintain their productivity and welfare. Attempts have been made to
provide cooling systems embedded within the floors of sow farrowing crates to reduce the
impact of heat stress on sows and improve sow productivity and reproductive performance
by local removal of excess heat from the animals. However, such known attempts to date
have been limited by inefficient heat transfer from the sow and do not allow for changes in
the amount of cooling relative to the sow’s heat production or surrounding environmental

conditions.

[0005] In view of the above, it can be appreciated that there is an ongoing desire for
systems and methods suitable for cooling an animal that are capable of promoting efficient
heat transfer from the animal and adjusting the amount of cooling relative to the animal’s

heat production and environmental conditions.

BRIEF DESCRIPTION OF THE INVENTION

[0006] The present invention provides systems and methods suitable for cooling an
animal and capable of promoting efficient heat transfer from the animal, and preferably also
capable of adjusting the amount of cooling relative to the animal’s heat production and

environmental conditions.

[0007] According to one aspect of the invention, a system for cooling an animal is
provided that includes a metallic panel having an upper surface for contacting the animal and
a lower surface, at least one metallic cooling element that thermally contacts the lower
surface of the metallic panel and has an internal passage therein, and means for flowing a

coolant through the internal passage of the metallic cooling element. Flow of the coolant

.
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through the metallic cooling element reduces the temperature of the upper surface of the
metallic panel and thereby reduces the body temperature of the animal when the animal is

in contact with the metallic panel.

[0008] According to another aspect of the invention, a method of cooling an animal is
provided that includes locating the animal on an upper surface of a metallic panel, and then
flowing a coolant through an internal passage of at least one metallic cooling element that
thermally contacts the lower surface of the metallic panel such that the temperature of the
upper surface of the metallic panel, and consequently the body temperature of the animal, 1s

reduced.

[0009] Technical effects of the method and system described above preferably include
the ability to actively cool an animal relative to ambient temperature of the environment to
which the animal is exposed, which can have the effect of promoting the well-being and

possibly the feed and reproductive performance of the animal.

[0010] Other aspects and advantages of this invention will be further appreciated from

the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 schematically represents a nonlimiting embodiment of a system configured

to remove excess heat from an animal in elevated ambient temperature environments.

[0012] FIG. 2 is a perspective view schematically representing an upper surface of a

nonlimiting embodiment of a cooling pad.

[0013] FIG. 3 is a side view schematically representing the cooling pad of FIG. 2.

-3-
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[0014] FIG. 4 is a perspective view schematically representing a lower surface of the

cooling pad of FIG. 2.

[0015] FIG. 5 is a cross-sectional view schematically represents an isolated portion of
the cooling pad of FIG. 2 taken along a section line transverse to a longitudinal length of the

cooling pad.

[0016] FIG. 6 schematically represents isolated layers of the cooling pad of FIG. 2.

[0017] FIG. 7 schematically represents a base capable of supporting the cooling pad of
FIG. 2 for testing.

[0018] FIG. 8 schematically represents an experimental testing setup comprising an

external heat lamp array above a cooling pad and base.

[0019] FIG. 9 is a plot representing typical thermal responses of the cooling pad of FIG.
8.

[0020] FIGS. 10 through 15 include plots representing temperature averages of the
cooling pad of FIG. 8 at coolant flows of, respectively, 14.1, 9.2,3.2, 1.9, 1.0, and 0.0 (no

coolant flow) liters per minute (I/min).

[0021] FIG. 16 is a plot representing heat transfer time constants for a cooling pad at

various coolant flow rates.

[0022] FIGS. 17 and 18 include plots representing component heat transfer responses for

a cooling pad when subjected to coolant temperature for 1.9 I/min (“1/8 nominal flow”) and

_4.-
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1.0 I/min (“1/16 nominal flow”), respectively.

[0023] FIG. 19 is a bottom view schematically representing a second nonlimiting

embodiment of a cooling pad.

DETAILED DESCRIPTION OF THE INVENTION

[0024] This disclosure provides systems and methods capable of cooling an animal, for
example, a sow within a farrowing barn that is maintained at an ambient environmental
temperature that is higher than what is desired for optimal performance of the sow. As an
example, farrowing rooms of swine farrowing operations are often maintained at ambient
temperatures of about 25°C for nine months of the year, and they can often be warmer during
summer months. Since milk production, daily feed intake performance, and expression of
estrus after weaning have all been linked to the reaction of the animal to the ambient
environmental temperature, agricultural production can be improved by regulating the
animal’s body temperature to promote its reproductive performance. In addition to potential
improvements to production, regulation of the animal’s body temperature relative to the
ambient environmental temperature may significantly improve the welfare and well-being
of the animal. As such, the systems and methods disclosed herein preferably provide
economical active cooling for an adult animal. Although the invention will be described
herein with specific references to a sow in a farrowing barn, it is foreseeable and within the
scope of the invention that the invention may be applicable to other environments, other
animals, or other cooling or heating applications. For example, the system could be used in

a boar pen or a breeding gestation pen or stall.

[0025] FIG. 1 schematically represents a nonlimiting system 10 configured to remove
excess heat from an animal in an elevated ambient temperature environment. During its

operation, the system 10 flows a coolant, for example water, from a coolant supply 14

-5-
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through a cooling pad 12 to remove heat from an animal laying on the pad 12. As the coolant
increases in temperature during the operation of the system 10, the coolant may be
discharged, for example, into a waste pit under a sow’s farrowing crate (not shown), or it
may be reconditioned thermally and reused. In FIG. 1, the system 10 is represented as a
closed loop system that includes supply and return lines 16 through which the coolant flows,
respectively, from the supply 14 to the pad 12 and from the pad 12 to the supply 14. The
coolant supply 14 preferably incorporates a cooling unit, for example, a chiller, geothermal
heat exchanger, or other device to decrease the temperature of the coolant returned from the
pad 12 such that it may be reused. Alternatively, the system 10 could include a cooling unit

as a separate and discrete unit of the system 10.

[0026] The system 10 1s represented in FIG. 1 as further comprising a control unit 18 for
controlling the flow rate of the coolant through the pad 12. The control unit 18 may control
coolant flow through valves incorporated into the coolant supply 14 or as a separate unit of
the system 10. The control unit 18 is preferably adapted to monitor various conditions within
the system 10 and adjust the flow rate of the coolant to maintain a desired temperature when
the animal is lying on the cooling pad 12. For example, the control unit 18 may monitor
parameters of the cooling pad 12, such as the temperature of the cooling pad 12, parameters
of the system 10, such as input and output temperatures of the coolant from the cooling pad
12, and/or the flow rate of the coolant, parameters of the environment, such as the
temperature and relative humidity of the air in the proximity of the cooling pad 12, and/or
parameters of the animal, such as physiological changes relating to but not limited to the
body temperature of the animal, the skin temperature of the animal, the rectal temperature
of the animal, the vaginal temperature of the animal, or temperament of the animal. To this
end, the system 10 may include various sensors located in and/or in proximity to the cooling
pad 12, coolant supply 14, and/or other components of the system 10, and/or near or on the
animal itself. As a nonlimiting example, the control unit 18 could sense an increase in the

respiratory rate of the animal and, since an elevated respiratory rate is a known indicator of
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increased heat stress, may then provide extra cooling, that is, lower the temperature of the
cooling pad 12 by increasing the flow rate of the coolant. Preferably, data collected by the
control unit 18 is transmitted to, for example, a central computer and maintained in a
database. This data may be used to assist in the refinement of the farrowing operation and
enable correlation of sow cooling to production and fertility data. The control unit 18 may
adjust the flow rate of the coolant to maintain a desired temperature based on the data or
other information. For example, the temperature of the cooling pad 12 may be adjusted in
view of a numerical model based upon historical or collected data factors for the specific
animal or herd, such as, but not limited to, feed intake and sow parity. The system 10 may
be manually controlled, or may be directly or remotely autonomously controlled by, for

example, preprogrammed instructions.

[0027] The cooling pad 12 may be structured to be located in and fit within a farrowing
crate. For example, the cooling pad 12 may lie over the flooring of a crate and cover limited
portions thereof that are set apart from the area within or adjacent the crate occupied by the
sow’s piglets, so that the cooling function of the system 10 will not adversely affect the
elevated temperatures desired for the piglets. As nonlimiting examples, a cooling pad for a
sow’s farrowing crate may cover the width of the flooring (generally about 0.6 meters) and
approximately half of the length (generally about one meter), so that while the sow is at rest
at least her head, neck, and shoulder area will contact and be supported by the pad 12. If
used in a boar pen, the cooling pad may be larger, preferably large enough for a mature boar
to lie down with its entire body surface on the cooling pad. If used in gilt replacement pens
or finishing barns, the cooling pad can be positioned to allow a portion of the animal’s floor
space to be cooled, while another portion remains open for other activities, such as manure

handling.

[0028] FIGS. 2-4 schematically represent various views of a nonlimiting cooling pad 12

that 1s particularly sized and configured to lower the body temperature of a sow in a
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farrowing crate. To facilitate the description of the cooling pad 12, relative terms, including

2 G 2 Ge

but not limited to, “vertical,” “horizontal,” “lateral,” *“side,” “upper,” “lower,” “above,”
“below,” etc., may be used in reference to the orientation of the cooling pad 12 during its use
in a farrowing crate. The cooling pad 12 includes a thermally conductive panel or body 20,
for example a metallic plate, having an upper surface 21 and a lower surface 22. The upper
surface 21 is intended to be contacted by the sow, for example, when the animal lies down
on the cooling pad 12. The lower surface 22 is preferably in thermal contact with at least one
cooling element 23 capable of lowering the temperature of the thermally conductive body 20
to thereby lower and/or regulate the temperature of the animal resting on the upper surface
22. Although the pad body 20 is represented as a planar plate, it is foreseeable that the pad
body 20 may have other shapes and construction. For example, the pad body 20 may include
legs or other reinforcements to promote the rigidity of the pad body 20 and support a load

applied to the upper surface 21, for example the body weight of an animal thereon.

[0029] In the nonlimiting embodiment represented in FIGS. 2-4, the cooling element 23
is in the form of a thermally conductive conduit, for example a metallic pipe, that thermally
contacts the lower surface 22 of the pad body 20. As such, the cooling element 23 has an
internal passage configured to have a coolant flow therethrough. During operation of the
system 10, the coolant enters the cooling element 23 through an inlet 15, flows through the
cooling element 23, and exits the cooling element 23 through an outlet 17 before returning
to the supply 14. The inlet 15 and outlet 17 are represented as located on one side of the
cooling pad 12 to avoid conflict with a feeder or crate bars commonly found in farrowing
crates, but the inlet 15 and outlet 17 may transition to and from the cooling pad 12 at any

location.

[0030] The cooling element 23 preferably promotes a relatively uniform temperature
across the upper surface 21 of the pad 12. To this end, the cooling element 23 is represented

in FIGS. 4 and 6 as having a serpentine or circuitous path at the lower surface 22 of the pad
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body 20, thereby promoting an more uniform temperature across the upper surface 22
assisted by the thermal conductivity of the pad body 20. It should be understood that the
cooling element 23 is not limited to the specific pattern represented in the drawings, and that
other patterns may be used in combination with one or more cooling elements arranged in
series or in parallel. FIG. 19 schematically represents a bottom view of an alternative
embodiment of a cooling pad 112 having a cooling element 23 comprising three circuits 23a,
23b, and 23c that are hydraulically in parallel. For convenience, identical reference numerals
are used in FIG. 19 to denote the same or functionally equivalent elements as described for

the cooling pad 12 of FIGS. 2-8.

[0031] In order to promote the efficient regulation of an animal’s body temperature, the
cooling pad 12 preferably promotes heat transfer from the animal at relatively low
temperature gradients, resists heat transfer from the surrounding environment, and is
responsive to varying operational input conditions, for example, by allowing for relatively
quick adjustments to the temperature of the upper surface 21. Therefore, the cooling pad 12
is preferably insulated to reduce heat transfer from the cooling element 23 in any direction
other than toward the upper surface 21. As such, FIGS. 4 through 6 represent the cooling pad
12 as including an insulating material 26 configured to reduce the rate of thermal transfer
between the cooling element 23 and the surrounding environment other than the pad body
20. Although the insulating material 26 is represented as located only on lateral sides of the
cooling element 23 thereby reducing heat transfer in lateral directions relative to and below
the pad body 20, it is foreseeable that the insulating material 26 may cover or insulate all
portions of the cooling element 23 not in thermal contact with the lower surface 22 and
thereby reduce heat transfer in all directions except from the upper surface 21. For example,
FIG. 5 represents the cooling pad 12 as comprising an optional, additional layer of insulation
40 which may be a separate layer or may be part of the insulating material 26. In addition
to or as an alternative to the insulating material 26, the cooling pad 12 may be located over

an insulated cavity. As a nonlimiting example, a pit under a sow's farrowing crate (not
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shown) may be insulated (for example, along its walls) to reduce heat transfer between the

cooling element 23 and surfaces other than the pad body 20.

[0032] The cooling pad 12 may optionally include means for promoting heat transfer
between the cooling element 23 and the lower surface 22 of the pad body 20. For example,
FIGS. 4 through 6 represent the cooling pad 12 as having a thermally conductive
intermediate member 24 that is located between the pad body 20 and the cooling element 23
and configured to increase the heat transfer rate therebetween. FIG. 5 depicts the
intermediate member 24 as including a panel 30 attached directly to the lower surface 22 of
the pad body 20 and means 32 for retaining the cooling element 23 in physical contact with
the intermediate member 24. In the nonlimiting embodiment represented, the retaining
means 32 comprises an array of C-shaped channels configured to receive and retain portions
of the cooling element 23. FIG. 5 schematically represents a cross-sectional view of one of
the C-shaped channels in a direction transverse to its longitudinal axis, and it shows the
channel as engaging the majority of the circumference of the cooling element 23. By directly
contacting the cooling element 23 with the retaining means 32 in this manner, a larger
surface area of the cooling element 23 is effectively in thermal communication with the pad
body 20, such that the intermediate member 24 serves to increase heat transfer between the

cooling element 23 and pad body 20.

[0033] The cooling pad 12 may optionally include various additional components
configured to assist in locating and securing the cooling pad 12 in a desired location, for
example, within a farrowing crate, and to promote comfort of the animal therein. In FIG. 2,
the righthand end of the pad body 20 can be seen to have an approximately forty-five degree
bevel that is intended to reduce exposure of the animal to sharp edges and thereby promote
the comfort and safety of a sow in a farrowing crate. Fasteners (not shown), such as hook
fasteners, can be secured to various locations, for example, on each corner, of the cooling pad

12 for use in securing the cooling pad 12 in a fixed location within the farrowing crate. In
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investigations leading to the present invention, a base 36 (FIGS. 7 and 8) was provided to

support the cooling pad 12 and further insulate lower portions thereof.

[0034] Various materials may be used for the components of the system 10. Preferably,
corrosion resistant metals, alloys, or polymer materials are used, since locations such as
farrowing crates tend to have harsh, moist environments which may promote mold growth
and decay of certain materials. As a nonlimiting example, a cooling pad 12 constructed and
used in investigations discussed below included a treaded, aluminum plate for the pad body
20, an aluminum panel commercially available from Radiant Engineering under the
trademark ThermoFin C™ as the intermediate member 24, soldered copper tubing and
fittings for the cooling element 23, iron fasteners for securing the intermediate member 24
to the pad body 20, high density polyurecthane (HDPE) for the insulating material 26, and
wood for the base 36.

[0035] Thermal characteristics of the cooling pad 12 were studied in a series of
investigations leading to the present invention. Therefore, nonlimiting embodiments of the
invention will now be described in reference to experimental investigations leading up to the

invention.

[0036] A prototype embodiment of the cooling pad 12 was instrumented for automatic
data acquisition at various locations for temperature and coolant flow rate. Thermal sensors
28 (type F thermocouples) were installed at three levels within the cooling pad 12, including
on the upper surface 21, on the intermediate member 24 between the channels 32, and
directly on the cooling element 23. The installation pattern and identification key for the
sensors 28 1s represented in FIG. 6. Additionally, thermocouples measured the temperature
of the coolant at the inlet 15 and outlet 17 and at the coolant supply temperature, and
additional thermocouples were employed to measure the ambient environmental temperature

and the temperatures of an ice bath and boiling water used as references.
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[0037] FIG. 8 shows the experimental setup as including the cooling pad 12 supported
on the base 36, consistent with the expected installation of the cooling pad 12 within a slotted
metal farrowing crate common in the industry. The setup further included a heat lamp array
38 to elevate the temperature of the cooling pad 12 and the ambient environmental
temperature. Operation of the cooling pad 12 during the investigations was believed to be

consistent with its expected use within a farrowing barn.

[0038] External thermal energy was supplied by the heat lamp array 38 to the cooling pad
12 until a specific set of starting conditions had been reached, that is, a temperature above
a ground state, based upon the ambient environmental temperature. Once the cooling pad
12 reached a set of conditions where at least two of the sensors 28 on the upper surface 21
exceeded 35°C and at least two of the sensors 28 on the intermediate member 24 exceeded
30°C, a data acquisition system was initiated, the heat lamp array 38 was deactivated, and
coolant flow was initiated. Five flow rates were evaluated as well as a no-flow (free

convection) condition as reference. There were two repetitions conducted at each flow rate.

[0039] Flow mechanisms can significantly affect heat transfer coefficients. In order to
determine the flow regime for the coolant flow in the cooling pad 12, Reynolds Numbers
(Re) for the coolant circuit were calculated using published values for physical properties and
component dimensions and the measured flow rate volumes. The calculated data is
represented in Table 1. It was determined that all of the utilized flow rates, with the
exception of the lowest flow rate (1.0 I/min), were well within the turbulent flow range. The
second lowest flow rate (1.9 I/m) corresponded to a Re value of roughly 3000, which is on
the high end of the transition between laminar and turbulent flow. However, due to the
serpentine nature of the flow path and the probable nature of the operational environment of
the cooling pad 12, it was assumed that the flow at this level was also turbulent and that heat

transfer at this flow rate was occurring within the turbulent fluid flow regime. The lowest
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flow rate (1.0 /min) appeared to correspond with laminar flow.

Table 1. Experimental Reynolds Numbers for Investigations.

Voltage Vol. Flow Velocity Mass Flow Re
V) (I/min) (m/s) (kg/s)
0.825 14.1 1.66 0.234 22300
0.535 9.2 1.08 0.153 14500
0.180 3.2 0.38 0.053 5030
0.105 1.9 0.23 0.032 3020
0.060 1.0 0.13 0.177 1680

[0040] All of the experimental temperature data collected displayed the same general
tendencies and form over time. Typical plots of the average temperatures at the three layers
of the cooling pad 12 are shown in FIG. 9. The temperature average was computed as a
simple arithmetic mean across all valid sensors for both experimental repetitions at the same
time increment from the start of the experiment. As expected for a cooling process in a
device of this type, the temperature of the cooling element 23 (“Pipe Temp”) responded first,
followed by the intermediate member 24 (“Bott Temp™), and then the upper surface 21 (“Top
Temp”).

[0041] Physical conditions within the actual experimental system remained reasonably
constant across a single experimental run, but varied appreciably throughout the entire testing
series. Following standard heat transfer experimental protocol as outlined by Incropera &
DeWitt (1981), the thermal data for the -capacitive cooling experiments was
non-dimensionalized (ND) using the peak temperature average of the upper surface 21 and
the driving potential temperature averages for individual experimental conditions. An

arithmetic mean based upon elapsed time from the start of the specific experiment was used
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to create temperature traces for six different cooling fluid flow rates. Both repetitions for
cach treatment combination have been averaged into a single value. Plots representing the

acquired data are presented in FIGS. 10 through 15.

[0042] The family of curves showed in FIGS. 10 through 14 have the same general shape
and form. Thermal traces for all three levels of measurement across the variety of flow rates
examined showed a remarkable consistency. FIG. 16 represents the time constants for this
family of tests as a function of the coolant volumetric flow rate. This plot demonstrates that
the cooling pad 12 is extremely effective at convective cooling and relatively insensitive to
coolant flow rate. The no-flow condition represented in FIG. 15, where the cooling pad 12
is in free convective cooling to the ambient air, displays different temperature traces within
the lower levels of the cooling pad 12. The early temperature traces in these plots clearly
show the heat traveled upward and off of the upper surface 21, rather than downward and
laterally from the cooling element 23. This data indicates that the cooling pad 12 has a
strong conductive path for heat transfer between the cooling element 23 and the upper
surface 21, and a restricted, or fairly well insulated, heat transfer path from the cooling pad
12 to the surrounding environment. The long time constant for the free convective cooling
additionally indicates that the heat transfer from the surrounding environment to the cooling
pad 12 during its operation will likely be insignificant compared to the heat transfer from the
animal. Finally, the performance of the cooling pad 12 demonstrated that it will be

reasonably responsive to varying conditions and a computer control system.

[0043] The effect of the coolant temperature was studied using an clevated and a
depressed temperature fluid (heated and chilled water, respectively) compared to the nominal
temperature fluid (ground water). The elevated coolant supply was at a temperature of about
27°C, and the depressed coolant was at a temperature of about 11°C. FIGS. 17 and 18 show
the effect of coolant temperature on the temperature traces within the device at “1/8 nominal

flow” (about 1.9 I/min) and “1/16 nominal flow” (about 1.0 1/min). The family of
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temperature curves shows an as-expected consistency for the higher flow rate, with warmer
coolant flows demonstrating a faster temperature decline toward the less extreme coolant
potential. The lower flow rate evidences a co-mingling of the nominal temperature fluid and
the depressed temperature fluid. This is a significant and potentially advantageous result,
since it indicates that the lower flow rates are of more interest within a practical system.
There may be other rationales that dictate the use of a chilled coolant within the cooling pad
12, but these investigations indicate that there is no significant advantage in the relative

thermal response at the higher flow rates.

[0044] The uniformity of the temperatures across the upper surface 21 was examined
through the use of IR photography. A full series of photos of the upper surface 21 of the pad
body 20 were taken throughout the testing, and there was no significant variation of the

temperature across the upper surface 21.

[0045] An examination was performed to study a time to draw-out the energy of the
cooling pad 12 when held in a thermal potential above that of the ambient environmental
temperature (flush time), as well as the time required to reduce the pad body 20 to a
temperature below the ambient environment temperature. Those results are included in
Table 6. Based upon the temperature of the pad body 20 at the beginning of the experimental
runs and its construction materials, a 200 kJ energy level was set as the energy potential
above the ambient condition. Flushed energy was calculated using the coolant flow rate and
the temperature differential across the sensors located at the inlet 15 and outlet 17.
Interestingly, it took slightly longer to remove 200 kJ at the full flow rate than at two-thirds
of the full flow rate. This probably indicates that the coolant at full flow had not reached a
fully developed thermal profile within the cooling pad 12, due to the flow velocity through
the cooling element 23. Otherwise, it generally took progressively longer to remove a set

amount of energy at with decreasing flow rates.
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Table 6. Cooling times.

Condition Flush Time Pad Body Below Ambient
(relative to nominal flow) (s) Temperature (s)

Full Flow 138 240

2/3 Flow 114 276

1/4 Flow 720 330

1/8 Flow 870 348

1/16 Flow 1188 372

[0046] The third column in Table 6 represents when active cooling occurs under the
various flow conditions. As used herein, the term active cooling means that the temperature
of the upper surface 21 of the cooling pad 12 drops below the ambient environmental
temperature. The values in Table 6 show a uniform progressive increase in time with
reduced coolant flows. This clearly indicates that the design of the cooling pad 12 with
enhanced conductive heat transfer paths to the upper surface 21 and insulated paths to the
surrounding environment was very effective at rapidly transferring heat through the upper
surface 21. In fact, the investigations indicated that the cooling pad 12 is capable of
removing heat from an animal, even before the system has fully equilibrated, that is, before

the upper surface 21 fully cools to its full extent based on the flow rate of coolant.

[0047] Since there was significant heat held within the insulating material 26, it was
estimated that approximately an hour of operation would be required to reach a true steady-
state condition with the coolant in the cooling pad 12 used in the investigations. This
indicates that utilizing a stand-alone device, such as the cooling pad 12, for animal cooling
is likely significantly more efficient and responsive than a system that includes cooling
elements embedded within the construction of a building, for example, an in-floor cooling

system. In addition to wasting significant energy and effort, the capacitance associated with
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additionally cooling the floor would likely make the responsiveness of an embedded cooling
system unacceptably long and unwieldy. Specifically, active cooling embedded into a floor
would likely have a very large time constant, due to the thermal capacitance of the floor and
portions of the building thermally communicating with the floor, creating a slow, non-

responsive overall system.

[0048] Four different methods of attaching the intermediate member 24 to the pad body
20 were studied including welding, soldering, adhesive, and fasteners. Welding was
determined to provide the highest rate of reducing the temperature of the cooling pad 12,
followed by the use of fasteners. The adhesive provided the lowest rate of cooling and it was
believed that the adhesive was behaving as a heat transfer barrier between the pad body 20
and the intermediate member 24. Therefore, fastening was concluded to be a preferred
method of construction for its fast cooling rate, ease of manufacture, and flush contact

between the layers.

[0049] Based on the results of the above-noted investigations, the time constants for the
cooling pad 12 under convective cooling were relatively invariant and increased significantly
under the no-flow (free convective cooling) mode. The upper surface 21 exhibited relative
uniformity in surface temperature, with no hot or cold spots evident under thermal
photography. The overall structural design of the cooling pad 12 with enhanced and
insulated heat transfer paths appeared to be effective, as the data indicated that the cooling
pad 12 is capable of providing active cooling to an animal even before it has finished

removing its own stored energy.

[0050] In view of the above, this disclosure provides a method of cooling an animal
relative to an ambient environmental temperature with the system 10. In particular, the
cooling pad 12 may be located in a farrowing crate or other area intended to contain the

animal. The animal may then be placed in the area such that the animal is located at least
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partially on the upper surface 20 of the pad body 20. Flow of a coolant through the internal
passage of the cooling element 23 may then be initiated such that the temperature of the
upper surface 20 and consequently the body temperature of the animal is reduced. During
use, various sensors within the system 10 of a data acquisition device may provide data to
an operator or the control unit 18. The flow rate of the coolant may be in response to a
change in a temperature of the pad body 20, the temperature or relative humidity of air in
proximity of the cooling pad 12, input and output temperatures of the coolant from the
cooling element 23, the flow rate of the coolant within the cooling element 23, the respiratory

rate of the animal, or any other sensed or determined parameters.

[0051] The systems and methods disclosed herein provide means for efficiently and
effectively addressing inconsistent agricultural conditions arising from modern hog farrowing
operations that seek to maintain higher ambient environmental conditions for piglets that can
be detrimental to the reproductive performance and well-being of the sow. The cooling pad
12 provides a uniformly cooled upper surface 21 on which a sow may rest while remaining
relatively close to and within the same ambient environment as the piglets. In other
applications, the animals may have more freedom of movement. Therefore, the cooling pad
12 can be positioned to provide an animal relief from thermal stress due to the environmental
conditions at the animal's discretion. For example, the cooling pad 12 may be located in a

corner of a pen and the animal may lay on the cooling pad 12 or not at its discretion.

[0052] While the invention has been described in terms of specific or particular
embodiments and investigations, it should be apparent that alternatives could be adopted by
one skilled in the art. For example, the cooling pad 12 and its components could differ in
appearance and construction from the embodiments described herein and shown in the
drawings, functions of certain components of the cooling pad 12 could be performed by
components of different construction but capable of a similar (though not necessarily

equivalent) function, and various materials could be used in the fabrication of the cooling pad
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12 and/or its components. In addition, the invention encompasses additional or alternative
embodiments in which one or more features or aspects of the disclosed embodiment could
be eliminated or modified. Accordingly, it should be understood that the invention is not
necessarily limited to any embodiment described herein or illustrated in the drawings. It
should also be understood that the phraseology and terminology employed above are for the
purpose of describing the disclosed embodiments and investigations, and do not necessarily
serve as limitations to the scope of the invention. Therefore, the scope of the invention is to

be limited only by the following claims.
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CLAIMS:

1. A system (10) for cooling an animal, the system (10) comprising:

a metallic panel (20) having an upper surface (21) for contacting the animal and
a lower surface (22);

at least one cooling element (23) thermally contacting the lower surface (22) of
the metallic panel (20) and having an internal passage therein; and

means for flowing a coolant through the internal passage of the cooling element
(23);

wherein flow of the coolant through the cooling element (23) reduces the

temperature of the upper surface (21) of the metallic panel (20) and thereby reduces the body

temperature of the animal when the animal is in contact with the metallic panel (20).

2. The system (10) of claim 1, further comprising an intermediate member (24)
between the metallic panel (20) and the cooling element (23) configured to increase a rate

of heat transfer therebetween.

3. The system (10) of claim 1 or 2, further comprising an insulating material (26)
configured to reduce a rate of heat transfer between the cooling element (23) and the

surrounding environment other than the metallic panel (20).

4. The system (10) of claim 3, wherein the insulating material (26) is located on

lateral sides of or below the cooling element (23).
5. The system (10) of any one of claims 1 through 4, further comprising means

for controlling a flow rate of the coolant through the internal passage of the cooling element

(23).
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6. The system (10) of claim 5, further comprising means for adjusting the flow

rate of the coolant in response to a change in a temperature of the metallic panel (20).

7. The system (10) of claim 5 or 6, further comprising means for adjusting the
flow rate of the coolant in response to a change in a temperature or a relative humidity of air
in the proximity of the metallic panel (20), or a change in input and output temperatures of
the coolant from the cooling element (23) and the flow rate of the coolant within the cooling

clement (23).

8. The system (10) of any one of claims 5 through 7, further comprising means
for adjusting the flow rate of the coolant in response to a change in a physiological parameter

of the animal.

9. The system (10) of any one of claims 5 through 8, further comprising means
for adjusting the flow rate of the coolant based on a numerical model based upon historical

data factors for the animal or a herd that the animal belongs to.

10. The system (10) of any one of claims 1 through 9, further comprising means
for monitoring and collecting data relating to thermal characteristics of the metallic panel

(20) and storing collected data on a database.

11. A method of cooling an animal, the method comprising:

locating the animal on an upper surface (21) of a metallic panel (20); and then

flowing a coolant through an internal passage of at least one metallic cooling
clement (23) thermally contacting the lower surface (22) of the metallic panel (20) such that
the temperature of the upper surface (21) of the metallic panel (20) and consequently the

body temperature of the animal is reduced.
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12. The method of claim 11, further comprising adjusting the flow rate of the

coolant in response to a change in a temperature of the metallic panel (20).

13. The method of claim 11 or 12, further comprising adjusting the flow rate of
the coolant in response to a change in a temperature or a relative humidity of air in the
proximity of the metallic panel (20), or a change in input and output temperatures of the
coolant from the cooling element (23) and the flow rate of the coolant within the cooling

clement (23).

14. The method of any one of claims 11 through 13, further comprising adjusting
the flow rate of the coolant in response to a change in a physiological parameter of the

animal.
15. The method of any one of claims 11 through 14, further comprising adjusting

the flow rate of the coolant based on a numerical model based upon historical data factors

for the animal or a herd that the animal belongs to.
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