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(54) SUPPORT SURFACE WITH PHASE CHANGE (57)
MATERIAL OR HEAT TUBES

ABSTRACT

A support surface for general skin cooling, or reducing the
incidence and promoting the healing of bedsores, includes:

(a) at least one thermal layer comprising: a phase

(76) Inventors: Charles A .Lachenbruch, Summerville, change material having a melting point of between
SC (US); Richard 1. Barnett, about 18 and 32 degrees Centigrade; a gel or viscous
Georgetown, SC (US) fluid carrier in which the phase change material is
) substantially evenly distributed; and a fluid-imper-
Correspondence Address: meable, conformable envelope surrounding the
%ﬁil—gflglleg/ngﬁmg?gM phase change material and the carrier;
09 TALL PINE ROAD ) et o soformble ompresionsppor e
MT PLEASANT, SC 29464 ’
’ (c) at least one conformable base support layer beneath
(21) Appl. No.: 10/012,772 and adjacent to the compression layer, the base
support layer having a higher indentor load deflec-
(22) Filed: Dec. 8, 2001 tion (ILD) than the compression layer. A preferred
embodiment, with or without the thermal layer,
Publication Classification includes a heat tube layer. Another preferred embodi-
ment includes an envelope containing phase change
(51) Int. CL7 ....occvocreen. A47C 17/00; A61F 7/00 material in a carrier material, without either of the
(52) US. Cl v 607/96; 5/690; 5/421 support layers.
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SUPPORT SURFACE WITH PHASE CHANGE
MATERIAL OR HEAT TUBES

BACKGROUND OF THE INVENTION
[0001] 1. Technical Field

[0002] The present device is a support surface with a layer
of heat tubes, and/or an upper thermal layer comprising a gel
or viscous fluid carrier and phase change material, which
resist warming of the support surface, and reduce the like-
lihood of ulceration and/or promote the healing of bedsores.

[0003] Background Information

[0004] Bedsores, or decubitus ulcers, can be a serious
problem in bedridden or wheelchair-bound patients, particu-
larly for people who are paralyzed, emaciated, post-surgical,
elderly, emaciated, or diabetic. Bedsores are a common and
persistent problem for those who have to spend a great deal
of time in bed, and for their physicians and nurses. As baby
boomers age, the elderly population increases, and the
ordinary bedsore becomes more of a problem. People with
casts or splints can also develop bedsores. Bedsores can
penetrate to the muscles and bone and are surprisingly
life-threatening on occasion. Where, for example, a geriatric
patient in a fetal position develops bedsores between his
knees, one or more of the bedsores can become gangrenous
and necessitate amputation of a limb. A bedsore can progress
to necrosis, septic arthritis, pathologic fracture, and septi-
cemia.

[0005] To avoid bedsores, nurses or nurse assistants turn
patients at prescribed intervals, inspect their skin and apply
creams, give massages and baths to patients, exercise limbs,
and promptly change wet bed sheets and bedclothes.
Patients are placed on air-filled mattresses, sponge rubber
“egg crate” mattresses, silicone gel or water mattresses,
mattresses filled with fluid or tiny spheres, or Stryker turning
mattresses. Protective padding, such as sheepskin or pillows,
is placed on bony prominences under braces, casts, etc.
Topical ointments, dressings, debridement, and antibiotics
are prescribed to curb infections in decubitus ulcers. Pre-
vention and management of bedsores is nevertheless diffi-
cult, and further assistance is needed.

[0006] Bedsores are ordinarily developed over the bony
prominences of the body, such as the heels, sacrum (tail-
bone), ischia, greater trochanters, and ankles (external mal-
leoli). It has been found that bedsores are less likely to form
where the skin above the bony prominences is maintained at
a slightly cooler temperature than normal skin temperature.
The normal core temperature (“normothermia” ) of the
human body is between 36° and 38° C. Skin temperature
typically ranges between about 32° C. and about 38° C.,
depending on ambient temperature, the amount and type of
clothing being worn, the core temperature, and where the
skin is located on the body. On a typical mattress, seat
cushion, inside a prosthesis, etc., heat is trapped between the
body and the covered skin surface and the skin temperature
rises rapidly to and is maintained at between about 36 and
38 degrees C. It is believed that skin temperatures in this
range promote soft tissue breakdown by increasing tissue
metabolism, promoting local perspiration, which wets and
weakens the stratum corneum (surface layer of the skin), and
increasing friction and shear forces between the sweaty skin
and the bedding and/or clothes between the skin and the
support surface.
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[0007] The support surface of the present invention
focuses “relative cooling”, or cooling of the skin relative to
the temperatures the skin would reach on a conventional
mattress, under the bony prominences, where bedsores are
more likely to form. Relative cooling is accomplished in the
present invention with an envelope containing phase change
material distributed in a gel or viscous fluid carrier. Cooling
is held to a narrow temperature range just below normal skin
temperature, since cold temperatures are uncomfortable and
undesirable, particularly where the patient is emaciated or
otherwise infirm. The present invention both reduces the
likelihood of bedsore formation, and aids in the healing of
early stage bedsores that have already formed.

BRIEF SUMMARY OF THE INVENTION

[0008] A support surface herein for comfort, or reducing
the incidence and promoting the healing of bedsores,
includes:

[0009] (a) at least one thermal layer comprising: a
phase change material having a melting point of
between about 18 and 32 degrees Centigrade; a gel
or viscous fluid carrier in which the phase change
material is substantially evenly distributed; and a
fluid-impermeable, conformable envelope surround-
ing the phase change material and the carrier;

[0010] (D) at least one conformable compression sup-
port layer beneath and adjacent to the thermal layer;

[0011] (c) at least one conformable base support layer
beneath and adjacent to the compression layer, the
base support layer having a higher ILD than the
compression layer;

[0012] wherein the layers are joined within an outer
covering.

[0013] The support surface can also be used simply for
delaying warming of the surface of the skin in contact with
the support surface. A support surface pad or the like herein
includes:

a) phase change material having a melting

0014 h h ial havi 1ti
point of between about 18 and 32 degrees Centi-
grade;

[0015] (b) a gel or viscous fluid carrier in which the
phase change material is substantially evenly distrib-
uted; and

[0016] (c) a fluid-impermeable, conformable enve-
lope surrounding the phase change material and the
carrier.

[0017] This support surface, which is preferably a mat-
tress, support pad, or seat cushion, includes phase change
materials just beneath its upper surface. Phase change mate-
rials for use herein are preferably encapsulated, and have a
phase change such that temperatures between 18° and 33° C.
will be delivered to the skin. A preferred embodiment of the
support surface includes a heat tube layer for channeling
heat from the warmer areas of the support surface to the
cooler areas, or from the warmer areas of the body to the
cooler skin regions, such as the extremities (e.g., ankles and
heels). By maintaining the skin temperature below the levels
typically recorded on a conventional foam mattress, the
body is kept more comfortable, and the risk of developing
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bedsores and the like is greatly reduced. This inexpensive,
easy to use support surface maintains a temperature within
a prescribed range for a sufficient period of time to reduce
the likelihood of ulceration and promote healing, when used
in the prescribed manner.

[0018] A support surface herein alternatively includes:

[0019] (a) at least one heat tube layer comprising at
least two adjacent heat tubes, at least one of the heat
tubes containing a refrigerant liquid, the refrigerant
liquid having a boiling point between about 80 and
about 85 degrees Fahrenheit;

[0020] (b) at least one conformable compression sup-
port layer beneath and adjacent to the heat tube layer;
and

[0021] (c) at least one conformable base support layer
beneath and adjacent to the compression layer, the
base support layer having a higher ILD than the
compression layer;

[0022] wherein the layers are joined within an outer
covering.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0023] A more complete understanding of the invention
and its advantages will be apparent from the following
detailed description taken in conjunction with the accom-
panying drawings, wherein examples of the invention are
shown, and wherein:

[0024] FIG. 1 shows a perspective view of a support
mattress according to the present invention;

[0025] FIG. 2 is a partial cut-away perspective view of a
support surface according to the present invention;

[0026] FIG. 3 is a cross-sectional view of the mattress of
FIG. 1, taken along line 3--3;

[0027] FIG. 4 is a cross-sectional view of an alternate
embodiment of a support surface according to the present
invention;

[0028] FIG. 5 is a cross-sectional view of an alternate
embodiment of a support surface according to the present
invention;

[0029] FIG. 6 is a schematic top view of an alternate
embodiment of a support surface according to the present
invention, showing flow between heat tubes;

[0030] FIG. 7 is a top plan view of an alternate embodi-
ment of a support pad according to the present invention;

[0031] FIG. 8 is a top plan view of an alternate embodi-
ment of a support pad according to the present invention;

[0032] FIG. 9 is a perspective view of a support pad
according to the present invention, showing intended use;

[0033] FIG. 10 is a top plan view of a seat cushion
according to the present invention;

[0034] FIG. 11 is a cross-sectional view of the seat
cushion of FIG. 10, taken along line 11--11;

[0035] FIG. 12 is a top plan view of a seat cushion
according to the present invention;
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[0036] FIG. 13 is a cross-sectional view of the seat
cushion of FIG. 12, taken along line 13--13;

[0037] FIG. 14 is a top plan view of an envelope of a seat
cushion according to the present invention;

[0038] FIG. 15 is a cross-sectional view of the envelope
of FIG. 14, taken along line 15--15; and

[0039] FIG. 16 is a schematic top view of an alternate
embodiment of a support surface according to the present
invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0040] In the following description, like reference char-
acters designate like or corresponding parts throughout the
several views. Also, in the following description, it is to be
understood that such terms as “front,”“back,”*“within,” and
the like are words of convenience and are not to be construed
as limiting terms. Referring in more detail to the drawings,
the invention will now be described.

[0041] Turning first to FIG. 1, a support surface, generally
referred to as 10, according to the present invention helps to
reduce and promote the healing of bedsores (decubitus
ulcers) and the like in persons using the support surface. This
dual phase change clinical support surface 10 can be, for
example, in the form of a mattress 11, or a support pad 12
placed over a conventional mattress or other sleeping, sit-
ting, or resting surface, such as a seat cushion 13. It can also
be in the form of a panel for insertion into a conventional
mattress, or a small pad such as an operating room posi-
tioning pad, etc. Cooling pads are for placement between the
knees of a patient lying on his side, or between the patient
and the surface on which she is lying. Operating room
positioning pads are small fluidic pads that can be placed
wherever they are needed during surgery to reduce pressure
points and hold the patient’s body in place. These support
surfaces 10 can be used in private homes, hospitals, clinics,
long term care facilities, hospices, and the like.

[0042] As shown in the preferred embodiment of FIG. 1,
the support surface 10, which is in the form of a bed mattress
11, includes a thermal layer 14 comprising phase change
material (PCM) 15, which is indicated as dots in FIG. 1,
relatively evenly distributed in a gel or viscous fluid carrier
16, which is indicated by hatching in FIG. 1. The PCM-
containing carrier is enclosed by a relatively thin covering,
or envelope 17. The support surface 10 preferably further
comprises a heat tube, or pipe, layer 20 beneath the thermal
layer 14. The support surface 10 also optionally includes a
compression layer 21 beneath and adjacent to the heat tube
layer 20, and a foam-like base layer 22 beneath and adjacent
to the compression layer 21 or the heat tube layer 20. The
compression layer 21 is substantially comprised of a low
ILD (indentor load deflection, a measurement of foam
rigidity) foam or the like, and the base layer 22 is substan-
tially comprised of a higher ILD, or more rigid, foam, or a
similar type of material. An outer covering 23, such as
mattress ticking, preferably covers the top, bottom and sides
of the mattress 11, and encloses the layers.

[0043] Thus, this preferred embodiment of a clinical sup-
port surface for reducing the incidence and promoting the
healing of bedsores includes:
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[0044] (a) at least one thermal layer 14 comprising: a
phase change material 15 having a melting point of
between about 18 and 32 degrees Centigrade; a gel
or viscous fluid carrier 16 in which the phase change
material 15 is substantially evenly distributed; and a
fluid-impermeable, conformable envelope 17 sur-
rounding the phase change material 15 and the
carrier 16;

[0045] (b) at least one conformable compression sup-
port layer 21 beneath and adjacent to the thermal
layer 14;

[0046] (c) at least one conformable base support layer
22 beneath and adjacent to the compression layer 21,
the base support layer 22 having a higher indentor
load deflection (ILD) than the compression layer 21;

[0047] wherein the layers 15, 21, 22 are joined within
an outer covering 23.

[0048] Suitable phase change materials for use herein
include C16 to C19 alkanes (i.e., alkanes with between about
16 and 19 carbons), and mixtures thereof. Preferred alkanes
for use herein, then, are hexadecane (C16), heptadecane
(C17), octadecane (C18), and nonadecane (C19). Alkanes
may also be selected and mixed based on budget constraints,
since some of them are much more expensive than others.
The alkanes used in this invention can also be varied
according to the degree of cooling desired for the particular
part of the body that rests on that area of the support surface.
Alkanes (or combinations thereof) may be selected accord-
ing to the degree of cooling necessary to achieve the desired
cooling effect. Warmer areas of the body, such as the sacrum,
trunk, and generally proximal regions, may require more
cooling, and hence higher PCM concentrations, than cooler,
distal regions of the body, such as the ankles and heels,
which may require little or no cooling.

[0049] The type of phase change material utilized herein
can be varied according to budget, temperature require-
ments, and length of time that cooling is desired. Preferably,
the phase change materials used herein melt at a temperature
of between about 18 and 32 degrees Centigrade, more
preferably between about 25 and 29 degrees Centigrade.
When a person sits or lies on a support surface, his or her
body heat begins to warm the support surface. Phase change
materials cause the surface to resist that warming. On a
conventional support surface, the heat given off from the
skin is trapped in the generally insulative surface construc-
tion materials, such as foam. As a result, the support surface,
and the skin with which it is in contact, warms nearly to core
body temperature, often within about 60 and 90 minutes. In
the case of the present support surface 10, the body warms
the upper surface material, which warms the envelope
beneath it, which warms the carrier, which transmits heat to
the phase change material. Once the heat is conducted into
the support surface from the skin, the thermal behavior
departs from that of a conventional mattress because the heat
that is conducted into the phase change material from the
surrounding carrier is absorbed with no increase in tempera-
ture. It is believed that this energy is absorbed as latent heat
in the phase change material’s solid to liquid transition; that
is, it goes into melting a fraction of the phase change
material. As a result, the phase change material stays cooler
at approximately the temperature of the phase transition, as
does the surrounding carrier, envelope and skin.
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[0050] Phase change materials are normally classified
according to their melting points. Since most phase change
materials have not been purified, they melt over a range of
one or two degrees of temperature. When they are warmed
to a temperature within this temperature range, the bulk of
the phase change materials within the phase change material
mixture will melt from a solid to a liquid. Many variables
contribute to the performance of the support surface 10,
including, but not limited to: 1) the type of phase change
material and carrier; 2) the mixture of the two; 3) whether
the phase change material is encapsulated; 4) the ambient
temperature; 5) the rate at which heat is transported from the
region directly under the patient to the edges of the support
surface; 6) the size and body temperature of the particular
patient laying or sitting on the support surface; and 7) how
long the patient has been laying or sitting on the support
surface. The phase change temperature, or melting point, of
the phase change material distributed in the support surface
is selected so that it is a few degrees cooler than the
temperature that will actually be imparted to the body
because it must remain cooler than the skin surface in order
to draw heat from the skin. Although mattresses 11 and
mattress pads 12 herein are designed for an average height
and body shape, the design is versatile enough so that it may
be custom designed to suit tall or short people, small or large
sized people, etc.

[0051] The caregiver need not be concerned that the
product will be so cold that it will harm the patient. The
melting point of the phase change material is quite specific
and reliable. The type of phase change material and the
number and type of layers beneath are selected to ensure that
the temperature that reaches the skin is one that is not
harmful, and in fact is known to convey a therapeutic
benefit.

[0052] The phase change material 15 is preferably
microencapsulated so that it remains evenly distributed
throughout the carrier even after repeated cycles of cooling
and warming. The distribution of the phase change material
into small, generally spherical capsules with a diameter of
between about one and 100 microns significantly enhances
heat transfer between the surrounding medium and the phase
change material. Microencapsulation also prevents interac-
tion, chemical or otherwise, over time between the phase
change material and the carrier, or envelope, material, thus
increasing product longevity. It also ensures pad conform-
ability, which would not be the case if the pad were
composed of pure alkane (physically resembles candle wax)
in the solid state. Any suitable method for encapsulating the
phase change material in a protective coating can be utilized.
Powdered phase change material is preferably used because
it is believed to enhance heat transfer due to its higher
surface area.

[0053] The phase change materials are preferably
microencapsulated in a thin coating, more preferably a
polymer. The coating preferably forms a generally spherical
shell around the phase change material with a shell thickness
of between about 0.003 and two microns, most preferably
between about 0.03 and about 0.05 micron thick.

[0054] The present invention does not require electricity,
and does not include a power source or microprocessor.

[0055] FIG. 2 shows several adjacent cylindrical heat
tubes 24 in the heat tube layer 20 of the mattress 11
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illustrated in FIG. 1. The heat tube layer 20 lies under the
thermal layer 14. The heat tubes are preferably the same
length as each other and are parallel to one another and
connected together side by side. In FIG. 1, the heat tube
layer 20 extends the width and length of the mattress 11. At
least one (preferably all) hollow heat tube 24 holds a small
amount of a refrigerant liquid 25, such as hydrofluoroethane,
with a boiling point lower than average body temperature
and greater than an average room temperature, or between
about 23 and 33 degrees Centigrade. The heat tube liquid 25
condenses at a lower temperature than average body tem-
perature. Sufficient space is left in each heat tube for
expansion of the refrigerant liquid. The heat tube layer is
enclosed, so that the refrigerant does not escape. If a small
amount of refrigerant 25 does escape from the heat tube
layer over time, it can be periodically serviced and
recharged.

[0056] Preferred refrigerants include pentafluoropropane,
fluorochemical liquid, or a mixture thereof. A most preferred
mixture comprises from about 5 to 50 weight % 1,1,1,3,3-
pentafluoropropane, and from about 50 to 95 weight % of a
fluorochemical liquid. A preferred mixture has a boiling
point between about 80 and 85 degrees Fahrenheit.

[0057] The heat tubes are made of a flexible material, so
that they are comfortable to sit or lie on. The heat tube
material must be strong and able to contain the refrigerant
and withstand the liquid to gas cycling over time. The heat
tubes are preferably substantially made of a gas imperme-
able film.

[0058] Another prominent ingredient in each heat tube is
a thin, three-dimensional floating net 26, which preferably
extends the length and width of the heat tube 24. The net 26
has small squares, which help to keep the heat tubes open
despite pressure from the body or other weight on the
support surface. The nets also help to distribute the liquid 25
evenly in the heat tube 24. A helical spring type net or
tubular net is preferred. The size of the spacing between the
net strands is dictated in part by the diameter of the heat
tube. Preferably, the heat tubes 24 are made of vinyl, rubber,
plastic, urethane, or an elastic polymer.

[0059] In the preferred embodiment shown in FIGS. 1
and 3, mattress ticking 23 covers the top, bottom and sides
of the mattress 11. In order from the top of the mattress 11
to the bottom in FIG. 3, the layers are as follows: thermal
layer 14, heat tube layer 20, compression support layer 21,
and the base support layer 22.

[0060] As shown in FIGS. 1 and 3, the heat tube layer 20
lies on a soft, conformable, compression support layer 21.
This compression layer 21 is preferably made of a foam, or
any other suitable insulative, comfortable, absorbent, con-
formable material, which provides cushioning and softness.
The compression layer 21 may be thin or thick. The primary
functions of the compression layer 21 are to support the user
comfortably over time, keep the temperatures cool in the
thermal layer 14, and to allow the mattress 11 to be com-
pressed downward by the body, so that the condensed
refrigerant 25 will gravitate toward the compressed area.
This compressed area is thus not pre-ordained,; it is wherever
the body or bodies are on the support surface. Since different
people like to sleep in different places on the bed, this is a
useful feature of a mattress. The user(s) customizes his own
mattress. This invention will convey its advantages no
matter where the user has chosen to lie on it.
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[0061] FIG. 3 illustrates the functioning of the compres-
sion layer 21 and the base support layer 22, and the heat
tubes 24. In regard to the former, the more rigid base support
layer 22 extends up on the left and the right sides of the
mattress 11, as shown in FIG. 3. This has the effect of
deterring the user’s body from rolling out of the bed, and
creating a gravitational sink along the longitudinal centerline
of the bed, which cradles the body, as shown in FIG. 3. The
user’s body sinks down into the softer compression layer 21
at the center of the mattress 11. The compression layer 21
also tends to keep the sides of the bed, where the refrigerant
vapor condenses, elevated relative to the center area. This
encourages liquid refrigerant 25 to flow back to the center
area of the mattress 11 from the sides.

[0062] In regard to heat tube functioning when the mat-
tress 11 is in use, the parts of the warm body where it
contacts the mattress surface heat the phase change material
15 distributed in the thick carrier 16 in the thermal layer 14.
When the phase change material 15 in the preferred micro-
capsules reaches its melting point, it melts from a solid into
a liquid. The phase change material slows heating of the
mattress surface, so the user remains cooler for a longer
period (versus lying on a conventional mattress). When the
user leaves the bed, the temperature of the air close to the
mattress 11 drops back to room temperature, which is
virtuall always below the PCM melting point, and the
majority of the phase change material 15 inside the micro-
capsules returns to its solid state. The mattress or other
support surface is durable and the phase change material
continues to cycle between its solid and liquid states through
many uses over many years.

[0063] Meanwhile, as shown in FIG. 3, the refrigerant
liquid 25 in the heating tubes 24 under the body is quickly
heated by body heat to its relatively low boiling point. This
area under the body is called here the “warm zone”28.
Where the support surface includes a heat tube layer, the
compression layer 21 ensures depression of the reservoir of
refrigerant 25 relative to the edges of the support surface. A
single heat tube 24 is shown bisected in FIG. 3. The heat
tube liquid 25 then converts to a vapor, or gas 27, inside the
heat tube 24. The vapor 27 expands toward the “cool
zone29, as indicated by the horizontal arrows in FIG. 3.
The “cool zone”29 here is the area of the mattress 11 that is
not heated by the body, generally the right and left side areas
of the mattress. As the vapor 27 expands toward the cool
zone 29, it condenses and rejects the heat of fusion to the
heat sink at the periphery. The refrigerant liquid 25 then
flows back to the warm zone 28 for a second cycle of heating
and cooling. This has the effect of keeping the area under the
body cool. The body parts, such as the bony prominences,
that sink more deeply into the central sink have greater
surface area in contact with the mattress 11 and therefore are
more exposed to the cooler temperature. The special mat-
tress 11 construction allows the cool zone 29 to be elevated
above the warm zone 28. This means that gravity encourages
the flow of the condensed refrigerant liquid 25 back to the
region that needs cooling, which is along the centerline of
the mattress. Other embodiments of the present invention
may also include a heat tube layer 24.

[0064] The present invention includes a clinical support
surface for reducing the incidence and promoting the healing
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of bedsores with the heat tube layer, but without the phase
change material and carrier. This embodiment of the support
surface includes:

[0065] (a) at least one heat tube layer 20 comprising
at least two adjacent heat tubes 24, at least one of the
heat tubes 24 containing a refrigerant liquid 25, the
liquid having a boiling point between about 80 and
about 85 degrees Fahrenheit;

[0066] (b) at least one conformable compression sup-
port layer 21 beneath and adjacent to the heat tube
layer 20; and

[0067] (c) at least one conformable base support layer
22 beneath and adjacent to the compression layer 21,
the base support layer having a higher indentor load
deflection (ILD) than the compression layer 21;
wherein the layers 20, 21, 22 are joined within an
outer covering.

[0068] The refrigerant liquid 25 is more preferably a
pentafluoropropane, fluorochemical liquid, or a mixture
thereof. The support surface is preferably a seat cushion 13,
more preferably a wheelchair or day bed cushion. The
cushion of the present invention is more comfortable than a
conventional cushion, and the wheelchair occupant is less
likely to develop bedsores. If the user does develop a
decubitus ulcer on his or her bottom, the ulcer is less likely
to worsen if the occupant uses a cooling seat cushion
according to the present invention.

[0069] FIGS. 4 and 5 illustrate preferred alternate con-
structions, or embodiments, of the mattress 11 herein. In
FIG. 4, the thermal layer 14 does not extend the width of the
mattress, as it does on FIG. 3. The mattress 11 includes high
conductivity material edge inserts 30 along the right and left
sides of the thermal layer 14 of the mattress 11. The edges
of the base support layer 22 extend up on the left and right
sides of the mattress, with the scow-shaped softer compres-
sion support layer 21 in the middle. Above the support layers
21, 22 a cross-section of a heat tube 24 is shown in FIG. 4.
The liquid refrigerant liquid 25 at the center of the heat tube
24 is shown in vapor form 27 in the cool zone 29 on either
side of the central warm zone 28, as it would be if there was
a body on the mattress 11. The uppermost layer is a cloth
textile layer 23A, which serves to wick moisture away from
the body. Keeping the body dry is known to be helpful in
avoiding bedsore formation.

[0070] In FIG. 5, the base support layer 22 extends
upward in columns at the right and left edges of the mattress
11, and the lower ILD (indentor load deflection) central
compression layer 21 is squared off at the bottom. The heat
tube 24 extends in an upward direction at the right and left
sides of the mattress, which enhances condensation and flow
return at these ends. The liquid refrigerant liquid 25 at the
center of the heat tube 24 is shown in vapor form 27 in the
cool zone 29 on either side of the central warm zone 28, as
it would be if there was a body on the mattress 11. It is less
comfortable for the user to lie on one side of the bed, where
the stiffer base support layer 21 is. The thermal layer 14,
with its carrier 16 and phase change material 15, extends
between the two ends of the heat tubes 24, as shown in FIG.
5.

[0071] While FIGS. 4 and 5 show latitudinal cross-
sections of the mattresses, FIG. 6 is a portion of a longitu-
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dinal cross-section taken along the heat tube layer 20, as
viewed from the top. The heat tube layer 20 extends across
the mattress 11. The right and left sides of the mattress 11 are
shown at the right and left sides of FIG. 6. As illustrated in
FIG. 6, each set of two adjacent heat tubes 24 has an
opening 31 at one point between the two tubes, so that liquid
or gas refrigerant 25, 27 can flow between the two heat tubes
24. The openings are at different locations for each set of
heat tubes, though, as indicated by 31A and 31B and 31C.
This allows the exchange of liquid and vapor between heat
tubes. In FIG. 6, the vapor flows back and forth, as indicated
by the arrows.

[0072] FIGS. 7 and 8 show alternate embodiments of a
support surface pad 12 herein. The heat tube layer 20 is
shown in different arrangements for achieving different
effects. The arrangement chosen by the consumer user could
depend upon the problem that the user was having, and the
particular cooling areas desired. The heat tube layer 20 can
be used with or without a thermal layer above or below it.
The heat tube layer 20 is preferably made from a large, thin
bladder with parallel and/or perpendicular RF welds divid-
ing it into heat tubes 24. It can resemble the air mattresses
used in pools. Each heat tube 24 is preferably cylindrical in
shape, but can be rectangular or disc-shaped, for example,
depending on where the welds are placed. The bladder is
made from a soft, flexible, durable material that is inperme-
able to the selected refrigerant, or refrigerants, in both liquid
and gas phases. The bladder holds a relatively small amount
of the refrigerant 25, which can preferably pass back and
forth between the heat tubes 24, as shown in FIG. 6.

[0073] In FIG. 7, a head area 32 and foot area 33 of the
support pad 12, or mattress, have parallel, vertically oriented
heat tubes 24. The main body area 34 has parallel, horizon-
tally oriented heat tubes 24 extending across the width of the
bed. In contrast with the vertically oriented heat tubes in the
head and foot areas, the horizontally oriented heat tubes 24
in the main body area 34 channel heat away from the
vertically oriented body to the cool zones 29 to the left and
right of the body.

[0074] In FIG. 8, the head area 32 of the support pad 12,
or mattress, also has parallel, vertically oriented heat tubes
24. A shoulder area 35 under the head area 32 has parallel,
horizontally oriented heat tubes 24 for channeling heat away
from the shoulder area of the body toward the cool zone 29.
If the user is of average height, his or her torso lies over a
torso area 36 with heat tubes 24 that angle outward from the
top of the area to the bottom of the area. Due to the
orientation of the torso area heat tubes, heat is not distributed
away from the torso. The leg area 37 of this embodiment
does not contain heat tubes. A user’s legs (distal), which
would rest on the leg area 37, generally have a lower body
temperature than the head and torso (proximal) of the body.
The peripheral lower area 38 of the bed in FIG. 8 includes
vertically oriented heat tubes for channeling heat down to
the user’s feet, which would likely rest in this area of the
mattress 11.

[0075] The heat tube areas 32, 34, 35, 36 shown in FIGS.
7 and 8 are somewhat large so that the support pad 12
accommodates a range of users who are relatively average in
height. The support pad 12 or mattress 11 can be customized
for very tall or short users.

[0076] The support surface can also be used simply for
delaying warming of the surface of the skin in contact with
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the support surface, and does not include the heat tube layer
or the two lower support layers. A support surface pad herein
includes:

[0077] (a) phase change material 15 having a melting
point of between about 18 and 32 degrees Centi-
grade;

[0078] (b) a gel or viscous fluid carrier 16 in which
the phase change material 15 is substantially evenly
distributed; and

[0079] (c) a fluid-impermeable, conformable enve-
lope 17 surrounding the phase change material and
the carrier.

[0080] Examples of such pads are seat pads, mattress
overlay pads, positioning pads, etc. If the support surface
pad is a seat cushion or the like, a thin layer of insulation
over the upper surface of the pad is preferred. The insulation
layer helps to prolong the effect of the phase change mate-
rial. A thin seat pad could be used, for example, on a truck
or taxi driver’s seat to slow heating of the driver’s back
during a long drive. The support pad 12 would keep the
driver’s back cooler than it would have been without the
pad. It could, of course, be used on other seats as well. The
present invention maintains its cooling effect for a time
below the “perspiration threshold” of 32 to 33 degrees
Centigrade, the temperature above which the skin perspira-
tion rate increases markedly.

[0081] The phase change material is substantially evenly
distributed in a carrier 16 which is a gel, such as a urethane
gel or a viscous fluid. By “viscous fluid” is meant a fluid
with an absolute viscosity between about five and about
100,000 centipoise, most preferably between about five and
about 10,000 centipoise. As phase change material is added,
the carrier stiffens somewhat; for support surfaces that need
to be soft, carriers with a lower viscosity are preferable.
Urethane gels, silicone fluids, and mineral oils are among
the suitable carriers in this regard. It is also believed that
inexpensive oils, such as vegetable oil, olive oil, or peanut
oil, may also be employed herein, so long as they have a
suitably high viscosity and a preservative is included. The
carrier and phase change material are both preferably non-
toxic, and inter-mixable. The phase change material must
maintain distribution within the carrier through a plurality of
hot/cold cycles. The viscous, conformable fluid carrier
herein should not foster bacterial or fungal growth when
confined in the air- and fluid-impermeable envelope.

[0082] Tt is believed that a viscous fluid is optimal herein
for maintaining phase change material distribution and for
even cooling. Polydimethylsiloxane fluid and dimethicone
fluid are more preferred for use herein.

[0083] Viscosity is a significant property of the material
that is selected to carry the phase change material because it
determines, in large part, the degree of pad deformation that
will occur in response to a given force. Viscosity is basically
the resistance to change of form exhibited by a fluid. It is a
measure of internal friction and is measured as the amount
of tangential force exerted by one layer of fluid upon an
adjacent layer as it driven across it at a given velocity. The
viscosity of the fluid carrier affects the support pad’s con-
formability and cushioning characteristics for mattress and
seating applications, as well as for other applications herein.
It also affects the tendency for a dispersed powder to
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maintain its dispersion. For this reason, very low viscosity
fluids, such as water and alcohol, are believed not to be
desirable as carriers herein.

[0084] As shown in FIG. 1, the PCM-containing carrier is
contained within the thin, fluid-impermeable, conformable
covering, or envelope 17, which surrounds the PCM-con-
taining gel or viscous fluid carrier 16. The concentration of
phase change material to carrier by weight is preferably
between about 1:5 and 5:1, more preferably between about
2:1 and 1:2, most preferably 1:1. This ratio has generally
been found to be of importance because, for most types of
phase change materials and carriers, the more phase change
material that is added to the carrier beyond a certain minimal
level, the stiffer and firmer the mixture becomes. Although
in general more phase change material means longer lasting
cooling cycles, too much phase change material results in an
unacceptably hard support surface.

[0085] The envelope 21 is preferably made of a urethane
film with a thickness of between about 0.003 and 0.018 inch,
most preferably between about 0.03 and about 0.1 inch. The
envelope 17 is preferably rectangular in shape and the width
and length of the mattress or other surface it is intended to
cover. The envelope 17 may include internal divisions. It
may, for example, be quilted, with a small amount of phase
change material and carrier in each quilt square.

[0086] In a preferred embodiment, the gel carrier is sili-
cone fluid, and the ratio by weight of silicone fluid: PCM is
between 1:5 and 5:1, preferably about 1:1. Also, in a
preferred embodiment, the support surface is a wheelchair
seat cushion, a panel that is insertable into a mattress, or a
cooling overlay pad FIG. 9 shows a mattress pad 12, which
can be placed on the top of any conventional mattress 40, or
used by itself, for example, under a sleeping bag on a
camping trip. An upper thermal layer 14 includes phase
change material 15 distributed throughout a carrier 16. A
heat tube layer 20 under the thermal layer 14 includes
parallel, adjacent heat tubes 24 oriented (horizontally) from
one side of the support pad 12 to the other. In this embodi-
ment, the cylindrical, same-sized heat tubes 24 preferably
have a diameter of about % inch. A compression support
layer 21 under the heat tube layer 20 provides some support
for the body and the heat tube layer. These three layers are
enclosed in an outer covering 23, such as a durable fabric.

[0087] The support pad 12 does not require a base support
layer. When the support pad is used on a conventional
mattress, the mattress provides support for the body. The
support pad is useful, for example, in a hospital ward,
operating room, Or recovery room, or wherever a mattress 11
is not available and temporary cooling relief is desired. It
can be used under a febrile patient, for example, or one who
is about to undergo a CAT scan or X-ray. The surface of the
support pad 12 is washable, but if the pad rips or is
irreparably soiled, it is inexpensive enough to be discarded.

[0088] FIGS. 10 through 13 show two embodiments of a
seat cushion 13 from the top (FIGS. 10 and 12) and in
cross-section (FIGS. 11 and 13). In the embodiment shown
in FIGS. 10 and 11, heat tubes 41 radiate outward from a
central bladder 42. The heat tube system includes the
bladder 42 and radiating heat tubes 41. The cross-section
(FIG. 11) of the seat cushion 13 shows the bladder 42 with
a heat tube 41 extending from each side of the bladder 42.
The bladder 42 is generally lower in elevation than the ends
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of the heat tubes 41. Also, the upper surface of the seat
cushion 13 is also contoured for comfort. The heat tube
system is sandwiched within the thermal layer 14. This is
supported by a base support layer 22, and may include a
compression support layer. The seat cushion 13 is enclosed
by an outer covering 23. When a person sits on the seat
cushion 13, the central bladder 42 heats up, which causes
refrigerant liquid 25 in the bladder 42 to move to the gaseous
state 27. The gas 27, or vapor, rises to the cooler, higher ends
of the heat tubes 41, where it condenses and flows by gravity
back to the central bladder. The warming/cooling heat tube
cycle then repeats itself within the heat tube system 44. At
the same time, the phase change material within microcap-
sules distributed within the carrier in the thermal layer 14 is
heating in a controlled fashion so as to prolong the cooling
effect. The thermal layer effect and the heat tube effect are
additive and result in a cushion that is cool and comfortable.

[0089] In the embodiment of FIGS. 12 and 13, the heat
tubes 41 radiate out to a peripheral ring 43 within the
periphery of the cushion 13. This embodiment does not
include a thermal layer. In FIGS. 12 and 13, the heat tubes
connect the bladder 42 to the peripheral ring, so liquid and
gas refrigerant 25, 27 can flow within the heat tube system
44. The heat tube system 44 includes the bladder 42, heat
tubes 41, and peripheral ring 43.

[0090] FIG. 12 shows contouring of the heat tube system
44 as viewed from the side. When a person sits on the seat
cushion 13, the central bladder 42 heats up, which causes
refrigerant liquid 25 in the bladder 42 to move to the gaseous
state 27. The gas 27, or vapor, rises to the cooler periphery
of the seat cushion, where it condenses and flows by gravity
back to the central bladder, which is lower in elevation than
the heat tubes 41. Contouring of the upper surface 45 of the
seat cushion 13 also makes it more comfortable to sit on.
This seat cushion 13 is particularly useful as a wheelchair
pad. The cushion 13 could alternatively be a dog bed which
would be helpful, for example, for an aging, infirm dog.

[0091] It has been found herein that one problem with
some of the heat tube materials is that they crackle when a
user sits or lies on them. In all embodiments herein, the heat
tubes 41 may be surrounded by a second gel or viscous fluid,
such as a silicone gel, and enclosed by a second envelope.
The fluid/gel muffles the distracting crackling sound. This
second envelope preferably lies side by side with the first,
PCM-containing envelope 17. Another alternative is to
include the heat tubes 41 in the PCM-containing envelope
17. The carrier 16 around the heat tubes 41 in the envelope
17 then muffles the crackling sound.

[0092] Referring now to FIGS. 14 and 15, an operating
room (“OR”) pad 46 includes a urethane film envelope 17
holding carrier 16 in which phase change materials 15 have
been distributed. The fluidic PCM/carrier contents are
enclosed by the flexible envelope 17, which is then prefer-
ably heat sealed along the edges 47. The top of the operating
room pad 46, as shown in FIG. 14, is the same as the bottom.
FIG. 15 shows the inside of the pad 46. In a preferred
embodiment, the envelope 17 is urethane film, the carrier 16
is a silicone fluid, and the phase change material 15 is an
C16-19 alkane mixture encapsulated into microcapsules
with a diameter between about one and 100 microns. These
operating room pads 46 can be used, for example, to pack
around a patient undergoing a medical procedure that
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requires cooling of a limb or any other part of the body. The
operating room pads 46 are similar in appearance to overlay
pads.

[0093] In a section of an alternate embodiment shown in
FIG. 16, fine copper wires 48, or other conductive materials,
such as high conductivity polymers, are embedded in the
thermal layer 14 of the mattress 11 in order to enhance
thermal conductivity in a given direction to the cool zone. In
the top plan view of FIG. 16, a number of copper wires 48
are shown parallel to one another in a horizontally oriented
direction within the carrier 16, from one side of the mattress
11 to the other. This embodiment does not include a heat
tube layer.

[0094] From the foregoing it can be realized that the
described device of the present invention may be easily and
conveniently utilized as a cooling support surface. It is to be
understood that any dimensions given herein are illustrative,
and are not meant to be limiting.

[0095] While preferred embodiments of the invention
have been described using specific terms, this description is
for illustrative purposes only. It will be apparent to those of
ordinary skill in the art that various modifications, substi-
tutions, omissions, and changes may be made without
departing from the spirit or scope of the invention, and that
such are intended to be within the scope of the present
invention as defined by the following claims. It is intended
that the doctrine of equivalents be relied upon to determine
the fair scope of these claims in connection with any other
person’s product which fall outside the literal wording of
these claims, but which in reality do not materially depart
from this invention.

[0096] Without further analysis, the foregoing will so fully
reveal the gist of the present invention that others can, by
applying current knowledge, readily adapt it for various
applications without omitting features that, from the stand-
point of prior art, fairly constitute essential characteristics of
the generic or specific aspects of this invention.

What is claimed is:

1. A clinical support surface pad for reducing the inci-
dence and promoting the healing of bedsores, the support
surface pad comprising:

(a) phase change material having a melting point of
between about 18 and 32 degrees Centigrade;

(b) a gel or viscous fluid carrier in which the phase change
material is substantially evenly distributed; and

(¢) a fluid-impermeable, conformable envelope surround-

ing the phase change material and the carrier.

2. A support surface pad according to claim 1, further
comprising at least one conformable compression support
layer beneath and adjacent to the thermal layer.

3. Assupport surface pad according to claim 1, wherein the
phase change materials are microencapsulated in a protec-
tive coating.

4. A support surface pad according to claim 1, which does
not comprise a pOWer source Or microprocessor.

5. Asupport surface pad according to claim 1, wherein the
envelope is a urethane film.

6. A support surface pad according to claim 5, wherein the
phase change material is a C16 to C19 alkane, or a combi-
nation thereof.
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7. A support surface pad according to claim 6, wherein the
phase change material is microencapsulated with a polymer
coating, forming generally spherical PCM/polymer micro-
capsules which range in diameter between about one and
about 100 microns.

8. A support surface pad according to claim 4, wherein the
carrier is an oil.

9. Asupport surface pad according to claim 7, wherein the
carrier is a silicone fluid.

10. A support surface pad according to claim 7, wherein
the carrier is urethane gel.

11. A support surface pad according to claim 9, further
comprising a plurality of copper wires embedded in the
thermal layer.

12. A support surface pad according to claim 9, wherein
the envelope is a urethane film.

13. A support surface pad according to claim 12, wherein
the support surface pad is a seat cushion, a panel that is
insertable into a mattress, or a cooling overlay pad.

14. A clinical support surface for reducing the incidence
and promoting the healing of bedsores, the support surface
comprising:

(a) at least one thermal layer comprising: a phase change
material having a melting point of between about 18
and 32 degrees Centigrade; a gel or viscous fluid carrier
in which the phase change material is substantially
evenly distributed; and a fluid-impermeable, conform-
able envelope surrounding the phase change material
and the gel or fluid carrier;

(b) at least one conformable compression support layer
beneath and adjacent to the thermal layer;

(c) at least one conformable base support layer beneath
and adjacent to the compression layer, the base support
layer having a higher indentor load deflection (ILD)
than the compression layer;

wherein the layers are joined within an outer covering.

15. A support surface according to claim 14, further
comprising a heat tube layer, comprising at least two adja-
cent heat tubes, at least one of the heat tubes containing a
refrigerant liquid with a boiling point between about 23 and
about 33 degrees Centigrade.

16. A support surface according to claim 15, further
comprising a net suspended within at least one of the heat
tubes.

17. A support surface according to claim 16, wherein the
support layers are foam, and the support surface is a mat-
tress.

18. A support surface according to claim 14, wherein the
phase change materials are microencapsulated in a protec-
tive coating.
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19. A support surface according to claim 18, which does
not comprise a power source or microprocessor.

20. A support surface according to claim 18, wherein the
envelope is a urethane film.

21. A support surface according to claim 14, wherein the
phase change material is a C16 to C19 alkane, or a combi-
nation thereof.

22. A support surface according to claim 21, wherein the
PCM is microencapsulated by a polymer coating.

23. A support surface according to claim 22, wherein the
carrier is urethane gel.

24. A support surface pad according to claim 23, wherein
the carrier is a mineral oil.

25. A support surface according to claim 20, wherein the
phase change material is encapsulated with polymer, form-
ing generally spherical PCM/polymer microcapsules, which
range in diameter between about one and about 100 microns.

26. A support surface according to claim 25, wherein the
carrier is polydimethylsiloxane fluid.

27. A support surface according to claim 23, wherein the
ratio by weight of fluid carrier to phase change material is
between about 1:5 and 5:1.

28. A support surface according to claim 14, further
comprising at least two adjacent heat tubes within the
envelope, at least one of the heat tubes containing a refrig-
erant liquid with a boiling point between about 23 and about
33 degrees Centigrade.

29. A support surface for comfort or reducing the inci-
dence and promoting the healing of bedsores, the support
surface comprising:

(a) at least one heat tube layer comprising at least two
adjacent heat tubes, at least one of the heat tubes
containing a refrigerant liquid, the refrigerant liquid
having a boiling point between about 80 and about 85
degrees Fahrenheit;

(b) at least one conformable compression support layer
beneath and adjacent to the heat tube layer; and

(c) at least one conformable base support layer beneath
and adjacent to the compression layer, the base support
layer having a higher indentor load deflection (ILD)
than the compression layer;

wherein the layers are joined within an outer covering.

30. A support surface according to claim 28, wherein the
refrigerant liquid is pentafluoropropane, or fluorochemical
liquid.
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