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(57) ABSTRACT

There are provided an apparatus and method for measuring
thermal conductivity capable of easily and accurately obtain-
ing an extent of thermal damage of a targeted tissue. The
apparatus for measuring thermal conductivity in burns
includes a thermal paper stacking member having a plurality
of sheets of thermal paper stacked thereon to form layers, and
a pressing member configured to press the stacking member
so that the thermal paper is stacked and maintained in a
closely adhered state. Here, an extent of thermal damage of
the targeted tissue according to the depth can be calculated as
an extent of thermal damage of the stacking member accord-
ing to the depth.
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APPARATUS AND METHOD FOR
MEASURING THERMAL CONDUCTIVITY IN
BURNS

TECHNICAL FIELD

[0001] The present invention relates to an apparatus and
method for measuring thermal conductivity, and more par-
ticularly, to an apparatus and method for measuring thermal
conductivity, which simply and intuitively display an actual
heat transfer and a thermal distribution pattern in a skin burn
of an animal or a human and can estimate an extent of thermal
damage.

BACKGROUND ART

[0002] Withayearly increase in burn patients, it is essential
to develop organized medical delivery systems for burn
patients and materials for professional burn treatment, and
secure medical facilities so as to reduce mortality caused by
burns and minimize the financial and social loss caused by
aftereffects of burns.

[0003] At present, however, burns are still classified into
first to third degree burns according to visible and clinical
aspects. For professional burn treatment, it is necessary to
diagnose and classify burns in an accurate and detailed man-
ner. This method forms the basis of research on developing
specialized therapeutic methods so that the therapeutic meth-
ods can vary according to the extent or position of a burn.

[0004] As a method used to diagnose burns, Korean Reg-
istered Patent No. 10-0596703 discloses an apparatus for
making a standardized model of burn wounds, which aids in
accurate diagnosis and treatment of burns according to the
extent or position of a burn by applying a proper level of heat
to the skin of'a subject so as to check an extent of burn injury.

[0005] Thermal damage of tissues starts when heat is trans-
ferred from any of various heat sources to the tissues. The heat
transfer to such tissues is the first step of burning, and is a
basic principle used to describe various kinds of burn char-
acteristics and develop burn protection equipment or weap-
ons. However, the heat transfer to such tissues is not visible to
the naked eye, and there is no way to intuitively and easily
measure the heat transfer. Thus, experiments conducted on
animals, or simulation methods using physical and math-
ematical methods have been used as described above. These
methods have a problem in that they are simulated using
special programs depending on complicated mathematical
formulas.

DISCLOSURE

Technical Problem

[0006] The present invention is designed to solve the prob-
lems of the prior art, and therefore it is an object of the present
invention to provide an apparatus and method for measuring
thermal conductivity, which is able to simply and intuitively
display an actual heat transfer from a heat source to skin
tissues and a thermal distribution pattern upon burning of the
skin tissues.

[0007] It is another object of the present invention to pro-
vide an apparatus and method for measuring thermal conduc-
tivity, which is able to estimate an extent of thermal damage
from various heat sources without using an animal.
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Technical Solution

[0008] To solve the above problem of the prior art, accord-
ing to an aspect of the present invention, there is provided an
apparatus for measuring thermal conductivity in burns, which
includes a plurality of sheets of thermal paper, a thermal paper
stacking member having the thermal paper stacked thereon to
form layers, and an upper plate having the stacking member
loaded thereon. Here, the apparatus is able to measure an
extent of burning in a state in which the thermal paper is
stacked.

[0009] In this case, more preferably, the apparatus may
include a pressing member configured to press the stacking
member so that the thermal paper is stacked and maintained in
a closely adhered state.

[0010] Also, more preferably, the stacking member may be
stacked on the upper plate made of a heat-resistant silicone
material.

[0011] Inaddition, more preferably, the upper plate may be
formed on a plastically deformable lower plate.

[0012] Additionally, more preferably, adhesive oil may be
applied between the sheets of thermal paper so that the stack-
ing member closely adheres the thermal paper.

[0013] Further, more preferably, the adhesive oil may be at
least one selected from the group consisting of oil and thermal
grease.

[0014] Also, more preferably, the thermal paper may be
K91HG-CE thermal paper.
[0015] In addition, more preferably, the pressing member

may be selected from the group consisting of a magnetic
material, a clip, a band, and a clamp.

[0016] Additionally, more preferably, the stacking member
has reference holes formed therethrough to form reference
points for three-dimensional (3D) modeling.

[0017] According to another aspect of the present inven-
tion, there is provided a method of measuring thermal con-
ductivity, which includes a thermal paper stacking operation
of determining a number of stacked sheets of thermal paper
constituting a stacking member according to the thermal con-
ductivity of a targeted tissue, a preparation operation of pre-
paring the stacking member having the plurality of sheets of
thermal paper stacked thereon to apply heat to the stacking
member, a heating operation of applying heat to be tested to a
top surface of the stacking member, and a thermal conductiv-
ity estimation operation of estimating thermal conductivity in
the tissue by converting an extent of thermal damage accord-
ing to a depth of the stacked thermal paper into an extent of
thermal damage according to a depth of the targeted tissue.
Here, the method is performed to obtain a thermal conduction
process and a thermal distribution pattern in the targeted
tissue.

[0018] In this case, more preferably, the preparation opera-
tion may include an upper plate temperature regulation opera-
tion of regulating a temperature of an upper plate configured
to be placed below the stacking member to maintain a tem-
perature similar to that of the targeted tissue, and a lower plate
attachment operation of, when measurement of a curved sur-
face is required, plastically deforming a lower plate so that the
lower plate has the curved surface and attaching the upper
plate to the lower plate.

[0019] Also, the method may further include a 3D recon-
stitution operation of three-dimensionally reconstituting a
thermal image formed on the thermal paper piled as the
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respective layers of the stacking member after the heating
operation of applying heat to be tested to the top surface of the
stacking member.

[0020] In addition, more preferably, the number of stacked
sheets of the thermal paper in the thermal paper stacking
operation may satisfy the following Equation:

Number of stacked sheets of thermal paper=Thickness

of tissuex (kp/kd)/Xd Equation

[0021] wherein kp represents a thermal conductivity con-
stant of the thermal paper. kd represents a thermal conductiv-
ity constant of the tissue, and Xd represents a thickness of the
thermal paper.

[0022] Further, more preferably, the thermal damage depth
of the targeted tissue in the thermal conductivity estimation
operation may satisfy the following Equation:

Thermal damage depth of targeted tissue=Number of
sheets of thermal paper with discolorationxXdx

(kd/kp),

Equation

[0023] wherein kp represents a thermal conductivity con-
stant of the thermal paper, kd represents a thermal conductiv-
ity constant of the tissue, and Xd represents a thickness of the
thermal paper.

Advantageous Effects

[0024] As described above, the apparatus and method for
measuring thermal conductivity according to one embodi-
ment of the present invention simply and intuitively displays
an actual heat transfer and a thermal distribution pattern in a
skin burn of an animal or a human, and thus can be useful in
simply and accurately measuring thermal conductivity.
[0025] Also, the apparatus and method according to one
embodiment of the present invention can be useful in obtain-
ing accurate thermal conductivity and an extent of thermal
damage in an animal or a human without performing an
animal test.

[0026] Further, the apparatus and method according to one
embodiment of the present invention can be useful in accu-
rately estimating an extent of thermal damage in the tissue
according to the depth through an arithmetical calculation
based on the extent of thermal damage according to the thick-
ness of the stacked thermal paper.

DESCRIPTION OF DRAWINGS

[0027] These and other features, aspects, and advantages of
embodiments of the present invention will be more fully
described in the following detailed description, taken accom-
panying drawings. In the drawings:

[0028] FIG. 1 is a perspective view showing an apparatus
for measuring thermal conductivity according to a first
embodiment of the present invention;

[0029] FIG. 2 is a cross-sectional view showing the stack-
ing member shown in FIG. 1,

[0030] FIG. 3 is a diagram showing the analysis results of
21-level grayscale test pattern-printed products and grayscale
profile plots;

[0031] FIG. 4 is a diagram showing the analysis results of
reaction temperatures of K91HG-CE thermal paper accord-
ing to the respective gray scales;

[0032] FIG. 5 is a perspective view showing an apparatus
for measuring thermal conductivity according to a second
embodiment of the present invention;

Sep. §,2016

[0033] FIG. 6 is a state diagram schematically showing a
thermal conductivity estimation operation; and

[0034] FIG. 7 is a flowchart illustrating a method of mea-
suring thermal conductivity.

EMBODIMENTS

[0035] Hereinafter, the apparatus and method for measur-
ing thermal conductivity according to embodiments of the
present invention will be described in further detail with
reference to the accompanying drawings.

[0036] FIG. 1 is a perspective view showing an apparatus
for measuring thermal conductivity according to a first
embodiment of the present invention. FIG. 2 is a cross-sec-
tional view showing the stacking member shown in FIG. 1.
FIG. 3 is a diagram showing the analysis results of 21-level
grayscale test pattern-printed products and grayscale profile
plots to select thermal paper. FIG. 4 is a diagram showing the
analysis results of reaction temperatures of K91HG-CE thet-
mal paper according to the respective gray scales. FIG. 5is a
perspective view showing an apparatus for measuring ther-
mal conductivity according to a second embodiment of the
present invention. FIG. 6 is a state diagram schematically
showing a thermal conductivity estimation operation, and
FIG. 7 is a flowchart illustrating a method of measuring
thermal conductivity.

[0037] As shown in FIGS. 1to 2, the apparatus for measur-
ing thermal conductivity according to one embodiment of the
present invention includes a stacking member 10 having a
plurality of sheets of thermal paper 11 stacked thereon, a
pressing member 21 configured to press the stacking member
10, an upper plate 30 having the stacking member 10 loaded
thereon, and a lower plate 40.

[0038] The stacking member 10 is configured to stack the
plurality of sheets of thermal paper 11. The thermal paper 11
is special paper that reacts to heat. In this case, only a portion
of the paper to which heat is applied turns black. The thermal
paper is generally paper whose surfaces are coated with a
thermal layer containing a chemical substance in which color
develops when heat is applied to the paper. Therefore, heat
may be used to simply record text or symbols. Generally, the
thermal paper 11 is used as thermal printer paper or facsimile
recording paper. According to a method of allowing two
components to react and color to develop, a colorless leuco
dye emitting electrons and a developer receiving the electrons
are prepared in the form of fine granules, and applied onto the
paper together with a binder. In this case, a degree to which
color develops differs according to the temperature of heat
applied to the paper. In addition to the thermal paper 11, paper
with discoloration that is observable with the naked eye when
heat is applied to the paper may also be used.

[0039] Meanwhile, in the present invention, the thermal
paper is selected based on the following requirements to
select the most preferable thermal paper. First, the thermal
paper should have a thermal resolution capacity. That is, a
temperature distribution of heat transferred to the thermal
paper should be expressed by gray scales when a heat-sensi-
tive material reacts sensitively to the heat. Therefore, when
heat traces expressed on the thermal paper are observed later,
the temperature distribution at that time may be calculated.
Also, the gray scales expressed after the thermal reaction
occurs should be retained even after a heat source is removed,
which means that no inverse reaction should occur chemi-
cally. Second, the thermal paper should begin reacting when
heat reaches a temperature that actually causes burns. When
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the thermal paper reacts to heat of a temperature that does not
actually cause burns or only reacts to very high temperatures,
utility of the thermal paper may be degraded. Third, the
thermal paper should satisfy a stability requirement so that
the thermal paper does not burn or melt at working tempera-
tures.

[0040] Therefore, in the present invention, the following
procedure is carried out to select the thermal paper capable of
satisfying the above-described requirements.

[0041] Generally, thermal paper has been used in thermal
printers to print text on receipts or faxed documents. How-
ever, typical thermal paper is used to print black and white
text, and has a characteristic by which stronger colors develop
when a temperature exceeds a certain temperature range.
Therefore, it is difficult to determine a color development
level according to the temperature, which means that the
thermal resolution capacity is severely degraded, and in turn
that the typical thermal paper is unsuitable for use as the
thermal paper according to one embodiment of the present
invention.

[0042] Therefore, a special thermal image printer which
may be manufactured to print an image such as an ultrasonic
imagerather than the black and white letters to express certain
gray scales is used to select the thermal paper. First, the gray
scales are determined according to the proper temperature
matching between the thermal image printer and the thermal
paper, and the color development capacity of the thermal
paper. Therefore, in the present invention, various types of
thermal paper, for example K91HG-CE, UPP-110HD and
TPH-110HD, are measured for thermal resolution capacity in
various thermal image printers. In such a procedure, the ther-
mal resolution capacity of the corresponding thermal paper
may be evaluated by observing a pattern in which linear gray
scaling from white to black reappears for 21-level grayscale
test patterns. Therefore, in the present invention, the gray-
scale test patterns are classified according to various cases by
means of combinations of the thermal image printers and the
thermal paper, and the corresponding output is printed, and
scanned to measure a grayscale profile. Thereafter, the corre-
sponding profile is digitized to perform a bivariate correlation
analysis.

[0043] FIG. 3 shows the analysis results of 21-level gray-
scale test pattern-printed products and grayscale profile plots
to select thermal paper. Referring to the grayscale profile plot
based on the analysis results, it can be seen that the K91HG-
CE thermal paper has a pattern most similar a black stepped
test pattern of the profile plot. While it may be assumed that it
is most desirable to use thermal paper prepared or recom-
mended by the corresponding image printer manufacturer
when a certain image printer is determined, this is not always
true in practice. Therefore, it could be seen that the above-
described selection procedure of selecting the thermal paper
according to one embodiment of the present invention is a
very meaningful task. Therefore, based on the test result, the
thermal paper having the most consistent thermal resolution
capacity in the entire temperature range is judged to be
K91HG-CE thermal paper, and the use of this thermal paper
is judged to be the most desirable in the present invention.

[0044] Meanwhile, the reaction temperatures of the
K91HG-CE thermal paper selected in the above-described
test according to the respective gray scales are shown in FIG.
4. Referring to the corresponding drawing, it could be seen
that the reaction temperatures of the K91 HG-CE thermal
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paper according to the respective gray scales reacted in a
pattern similar to a linear function.

[0045] Previous research has shown that the epidermis
breaks down and is rapidly thermally saturated when heat
applied to the skin exceeds a temperature of 51° C. Also, it is
known that the denaturization of collagen constituting most
of connective tissues underneath the dermis shows the best
correlation with an extent of burning. It has been reported that
the above-described collagen fibers do not significantly break
down at 57° C., but start to be cut at 60° C., and are structur-
ally denatured at 65° C. Therefore, since the thermal paper
started to react at 56° C., the initiation of the thermal reaction
may be used to estimate that a burn is proceeding into the
dermis and to determine the depth of the burn. Therefore, it
could be seen that the thermal paper was suitable for a burning
model since the thermal paper exhibited a thermal reaction
from the temperature at a stage of early tissue reaction caused
by the burn.

[0046] Meanwhile, the number of sheets of the thermal
paper 11 stacked on the stacking member 10 is determined
using a method of estimating an extent of thermal damage, or
amethod of deducing the number. In the case of standardiza-
tion, the thermal paper 11 may be stacked in different num-
bers of sheets corresponding to standard tissues (classified
according to certain parts in the skin). Adhesive oil 12 may
also be applied between the stacked thermal paper 11 to
improve thermal conductivity. The adhesive oil 12 serves to
closely adhere the thermal paper 11. In this case, oil or ther-
mal grease may be used as the adhesive 0il 12. In a method of
pressing the thermal paper 11 to closely adhere the thermal
paper 11 with no gaps, the adhesive il 12 may not be applied.
Types of the adhesive 0il 12 may widely vary according to the
thermal conductivity of a targeted tissue. In this case, any
materials that can enhance close adhesion strength to improve
thermal conductivity may be used as the adhesive oil 12.
[0047] Reference holes 11a are formed through the stack-
ing member 10 to form reference points upon 3D modeling.
The reference holes 11a are formed on the same vertical line.
Preferably, the two reference holes 11a are formed at a pre-
determined interval. In this case, the two or more reference
holes 11a may also be formed.

[0048] The upper plate 30 is formed in a flat shape. The
upper plate 30 is preferably made of a heat-resistant silicone
material. An object of manufacturing the upper plate 30 is to
reflect a similar temperature to that of a surface in which heat
is intended to be measured, such as the skin, in the thermal
paper. This is realized by heating the upper plate 30 to a
temperature similar to a surface temperature of the skin, and
then piling the stacked thermal paper 11 on the upper plate 30
to reflect the actual surface temperature of the skin, and thus
the upper plate made ofa silicone material is preferably added
to realize such an object. Therefore, the upper plate 30 is
preferably formed of a heat-resistant silicone material so that
conditions similar to those of the skin can be recreated near
the thermal paper 11. When the upper plate 30 is heated in hot
water and dried to remove moisture, and the stacking member
10 is arranged on the upper plate 30, the stacking member 10
may be maintained at a temperature similar to that of the skin,
thereby improving accuracy of the experimental results.
[0049] A lower plate 40 on which the upper plate 30 is
placed is formed in a flat shape. The lower plate 40 is made of
a plastically deformable metal material, preferably stainless
steel. The lower plate 40 is preferably made of stainless steel
capable of maintaining in a curved state similar to a shape of
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a subject to be measured when measurement of a curved
surface rather than a flat surface is required. The upper plate
30 is attached to a top surface of the lower plate 40 in a state
in which the shape of the lower plate 40 is deformed. In this
case, the lower plate 40 is attached to the upper plate 30 using
a double-sided adhesive tape. An adhesive other than the
double-sided adhesive tape may also be used. Also, the two
members may be attached to each other using a separate
coupling member such as a bolt.

[0050] The pressing member 21 is made of a magnetic
material. A neodymium magnet having a strong magnetic
force is preferably used. When the pressing member 21 is
placed on the stacking member 10 in a state in which the
upper plate 30 and the stacking member 10 are placed on the
lower plate 40 made of a metal material, a pressing force is
applied to the stacking member 10 due to the magnetic force.
In this case, gaps between the stacked sheets of thermal paper
11 are closely sealed due to the pressing force to prevent air
from flowing through the gaps.

[0051] Also, the pressing member 22 may be formed as a
clip ora band having an elastic force, as shown in FIG. 5. The
pressing member 22 is formed so that both ends of the press-
ing member 22 are curved in the same direction to have an
elastic force. In this case, when the stacking member 10 is
between the ends of the pressing member 22, the thermal
paper 11 constituting the stacking member 10 is closely
adhered due to the elastic force of the pressing member 22 to
prevent air from flowing through the gaps. When a clip or a
band having a predetermined thickness is used as the pressing
member 22, a groove into which the pressing member 22 may
be press-fitted may be formed in the upper plate 30. Also, a
clamp may also be applied as the pressing member 22. The
clamp is generally a pressing device using a screw-driving
method. In addition, a clip-shaped pressing member capable
of clipping both of the upper plate 30 and the lower plate 40
to the stacking member 10 to smoothly transfer the heat of the
upper plate 30 to the stacking member 10 may be applied.

[0052] Meanwhile, when none of the above-described
pressing members 21 and 22 or a fixing device exist, a situa-
tion in which the highest contact layer is contracted upon
contact with a high-temperature heat source was observed,
but the heat transfer to the lower layers occurs easily with no
great difficulty when there is no fixing device. When an adhe-
sive serving as thermal grease is uniformly applied between
the sheets of thermal paper 11 instead of the pressing mem-
bers 21 and 22, the thermal grease closely adheres the thermal
paper 11 to prevent air from flowing through the gaps between
the sheets of thermal paper 11. Therefore, embodiments with-
out the pressing member 22 are also possible. In this case, the
thermal grease should have an adhesive force and heat stabil-
ity such that close adhesion is maintained between the sheets
of thermal paper 11 before heating and the thermal paper 11
may be easily separated without causing damage to thermal
traces after heating. Also, since the thermal paper 11 may be
stacked in a “Post-it” form when the adhesive oil 12 is used
instead of the pressing members 21 and 22, it is possible to
stack the thermal paper 11 on a desired curved surface,
thereby widening its applicability. Also, after a test is per-
formed on a surface layer, sheets of the thermal paper 11 with
discoloration may be detached one by one, and the remaining
thermal paper may be immediately re-used. Also, since the
temperature may be checked according to the grayscale levels
expressed for the thermal paper 11, it is possible to estimate
the temperature with reference to the heat distribution
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obtained in this embodiment. Therefore, based on the heat
transmission (the number of sheets of the thermal paper on
which heat traces are formed) and heat distribution pattern (a
heat distribution shape expressed by gray scales) obtained in
this embodiment, a table capable of converting heat actually
transferred to the tissue may be provided to enable immediate
estimation of thermal conductive depth and distribution.

[0053] The method of measuring thermal conductivity
using the apparatus for measuring thermal conductivity
according to one embodiment of the present invention thus
configured is as described below.

[0054] As shown in FIG. 7, the method of measuring ther-
mal conductivity using the apparatus for measuring thermal
conductivity includes a thermal paper stacking operation
(S1), a preparation operation (S2), a heating operation (S3),
and a thermal conductivity estimation operation (S4)/3D
reconstitution operation (S5).

[0055] The thermal paper stacking operation (S1) is an
operation of determining a number of stacked sheets of the
thermal paper 11 constituting the stacking member 10
according to the thermal conductivity and thickness of a
targeted tissue. The number of sheets of the thermal paper to
be stacked is calculated using a method of deducing this
number, which includes a thermal paper stacking operation
that will be described below. In the case of standardization,
the thermal paper 11 may be stacked in different numbers of
sheets corresponding to standard tissues (tissues in parts of
the skin). As shown in FIG. 2, the thermal paper 11 is stacked
to form layers. In this case, types of the adhesive oil 12 may
be determined and applied according to the thermal conduc-
tivity of the targeted tissue, or the stacking member 10 on
which the thermal paper 11 is stacked in a state in which the
adhesive oil 12 is applied onto the thermal paper 11 may be
selected and tested.

[0056] When the thermal paper stacking operation (S1) is
completed, a preparation operation (S2) of preparing the
stacking member 10 to apply heat to a top surface of the
stacking member 10 is performed.

[0057] The preparation operation (S2) includes an upper
plate temperature regulation operation (S21) and a lower
plate attachment/pressing operation (S22). The upper plate
temperature regulation operation (S21) is an operation of
regulating a temperature of an upper plate according to the
temperature of the targeted tissue. When the targeted tissue is
skin, the thermal paper may be maintained at a temperature
similar to that of the skin by heating the upper plate 30 made
of a heat-resistant silicone material in hot water, drying the
upper plate 30 to remove moisture, and placing the upper
plate 30 beneath the stacking member 10.

[0058] The lower plate 40 is attached to the upper plate 30
by means of an adhesive such as a double-sided adhesive tape.
When the lower plate 40 is intended to be measured in a state
in which a surface of the lower plate 40 is curved, the lower
plate 40 is bent in a desired shape, and attached to the upper
plate 30. In this case, the lower plate 40 may be made of a
metal material capable of maintaining plastic deformation
such that a deformed state is maintained. The pressing is
performed using the pressing member 21 so that the stacking
member 10 is fixed in the upper plate 30 and the lower plate
40 and the gaps between the sheets of thermal paper 11 in the
stacking member 10 are closely sealed at the same time.

[0059] When the preparation operation (S2) is completed,
the heating operation (S3) of applying heat from a heat source
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to be tested to a predetermined region of the top surface of the
stacking member 10 is performed.

[0060] After heat is applied to the top surface of the stack-
ing member 10 in the heating operation (S3), a 3D reconsti-
tution operation (S5) of three-dimensionally reconstituting
thermal images formed on the thermal paper piled as the
respective layers of the stacking member 10 is performed. In
this case, the thermal images formed on the thermal paper
piled as the respective layers of the stacking member 10 are
scanned and input into a computer. Then, the thermal paper 11
images may be sequentially stacked and reconstituted based
on thereference holes 114 passing through the stacking mem-
ber 10 to three-dimensionally reconstitute the thermal images
formed in the stacking member 10.

[0061] When the heating operation (S3) is completed, the
thermal conductivity estimation operation (S4) and the 3D
reconstitution operation (S5) are performed at the same time
or sequentially. The thermal conductivity estimation opera-
tion (S4) may also be performed while performing the 3D
reconstitution operation (S5).

[0062] The thermal conductivity estimation operation (S4)
is an operation of estimating thermal conductivity in a tar-
geted tissue by converting an extent of thermal damage (i.e.,
a change in color of the thermal paper) according to the
thermal depth of the stacked thermal paper 11 into a extent of
thermal damage according to the depth of the targeted tissue.
[0063] As shown in FIG. 6, the extent of damage of the
thermal paper according to the depth of the stacked thermal
paper as shown in the left panel of FIG. 6 is converted into the
extent of damage of the targeted tissue (i.e., the dermis of the
skin) according to the depth of the targeted tissue as shown in
the right panel of FIG. 6.

[0064] First, assuming that a subject to be tested in this
experiment is made of a homogenous material and has a
one-dimensional geometric structure, the subject satisfies the
requirement that it have the same total quantity of heat when
heat is applied to the same area (A) of the subject. That is, the
subject satisfies the following Equation 1.

AQ/At=-kAXAT/Ax Equation 1

Therefore, the total quantity of heat of the thermal paper is
identical to the total quantity of heat of the skin. That is, the
following Equation 2 is established.

—kpxAx(AT/Axpaper)=—kdx A(AT/Axdermis)

[0065] wherein A represents a cross-sectional area, and AT
represents a difference in temperature between both ends of
the subject. In this case, when both sides of the subject are the
same, A and AT may be omitted. Also, kp represents a thermal
conductivity constant of the thermal paper, kd represents a
thermal conductivity constant of the tissue, Axpaper repre-
sents a depth of the stacking member, and Axdermis repre-
sents a depth of the dermis of the skin.

[0066] When it is assumed that the same total quantity of
heat reaches an area (A) of the final lower end, the quantity of
heat reaching a lower portion of the dermis due to the bumn is
calculated so that the quantity of heat remains constant until
several sheets of the thermal paper are stacked. The number of
stacked sheets of the thermal paper thus calculated may be
used to simulate depths of the skin to which the same quantity
of heat is transferred. That is, points having the same total
quantity of heat are calculated.

[0067] When a calculation is performed according to the
following equation, since the difference in temperature
between both ends of the subject is the same as the cross-

Equation 2
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sectional area in Equation 2, the depth of the stacked thermal

paper having the same quantity of heat as the lowest layer of

the skin is calculated:
Axpaper=Axdermis(kp/kd)

[0068] wherein Axpaper represents the product of the num-
ber of sheets and the thickness of the thermal paper, that is,

Equation

Number of stacked sheets of thermal
paper=Axdermisx (kp/kd)/Xd

[0069] wherein Xd represents a thickness one sheet of the
thermal paper.
[0070] Thatis, in the thermal paper stacking operation (S1),

the number of stacked sheets of the thermal paper satisfies the
relationship according to the following equation:

Number of stacked sheets of thermal paper=thickness

of tissuex (kp/kd )/ Xd Equation

[0071] Also, in the thermal conductivity estimation opera-
tion (S4), the thermal damage depth of the targeted tissue
satisfies the relationship according to the following equation:

Thermal damage depth of targeted tissue=number of
sheets of thermal paper with discolorationx Xa'x
(kd/kp),

[0072] By way of example, a stacking model for the ther-
mal paper having the same quantity of heat as the quantity of
heat reaching the bottom of the skin in a rat having a skin
thickness of 1.52 mm is calculated as follows.

[0073] The number of sheets may be calculated to be
8.7740 when:

kd=0.351691 W/mK,
fp=0.17 W/mK,
Axdermis=1.52 mm, and

Xd=0.08374 mm.

[0074] That is, it can be seen that it is necessary to stack
approximately 9 sheets of thermal paper in the stacking
model for the thermal paper having the same quantity of heat
as the quantity of heat reaching the bottom of the skin in a rat
having a skin thickness of 1.52 mm.

[0075] Also, the 3D reconstitution operation (S5) is an
operation of three-dimensionally reconstituting thermal
images formed in the stacking member 10 by imaging discol-
ored portions of the thermal paper 11, which constitute the
stacking member 10 undergoing the heating operation,
sequentially from above, or scanning the thermal paper 11
and then stacking and reconstituting the images based on the
reference holes 11a.

[0076] Then, the stacked images may be converted into the
form of a temperature distribution according to the depth of
the targeted tissue (i.e., skin) obtained in the thermal conduc-
tivity estimation operation (S4) to three-dimensionally model
the stacked images into the form of a temperature distribution
by heat conduction according to the total depth of the skin,
that is, an extent of damage due to heat.

[0077] When it is assumed that the skin is scalded by hot
oil, the apparatus and method according to one embodiment
of the present invention may be used to simulate a burn caused
by a hot flowing fluid. Particularly, the burn caused by such a
fluid is very difficult to estimate using mathematical methods
known in the related art since it is very complicated to simu-
late the fluid itself using a computer. On the other hand, the
method according to one embodiment of the present inven-
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tion may be easily applied to estimate the heat transfer and
burns caused by solids, liquids and gases since the model
itself is very simple.

[0078] Such an apparatus for measuring thermal conduc-
tivity may be used to develop burn protection equipment.
When heat is applied onto a tissue of the burn protection
equipment in a state in which the tissue is placed on the
stacking member 10, it may be determined how safe the burn
protection equipment is by checking whether an extent of
thermal damage occurs in the stacking member 10 when a
predetermined level of heat is applied to the tissue of the burn
protection equipment.

[0079] The present invention has been described in detail.
However, it should be understood that the detailed description
and specific examples, while indicating embodiments of the
invention, are given by way of illustration only, and various
changes and modifications within the spirit and scope of the
invention will become apparent to those skilled in the art from
this detailed description.

1. An apparatus for measuring thermal conductivity in
burns, comprising:

a plurality of sheets of thermal paper:

athermal paper stacking member having the thermal paper
stacked thereon to form layers; and

an upper plate having the stacking member loaded thereon,

wherein the apparatus is able to measure an extent of burn-
ing in a state in which the thermal paper is stacked.

2. The apparatus of claim 1, further comprising a pressing
member configured to press the stacking member so that the
thermal paper is stacked and maintained in a closely adhered
state.

3. The apparatus of claim 1, wherein the stacking member
is stacked on the upper plate made of a heat-resistant silicone
material.

4. The apparatus of claim 3, wherein the upper plate is
formed on a plastically deformable lower plate.

5. The apparatus of claim 1, wherein adhesive oil is applied
between the sheets of thermal paper so that the stacking
member closely adheres to the thermal paper.

6. The apparatus of claim 5, wherein the adhesive oil is at
least one selected from the group consisting of oil and thermal
grease.

7. The apparatus of claim 1, wherein the thermal paper is
K91HG-CE thermal paper.

8. The apparatus of claim 1, wherein the pressing member
is selected from the group consisting of a magnetic material,
aclip, a band, and a clamp.

9. The apparatus of claim 1, wherein the stacking member
has reference holes formed therethrough to form reference
points for three-dimensional (3D) modeling.

10. A method of measuring thermal conductivity in burns,
comprising:

a thermal paper stacking operation of determining a num-
ber of stacked sheets of thermal paper constituting a
stacking member according to thermal conductivity ofa
targeted tissue;
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a preparation operation of preparing the stacking member
having the plurality of sheets of thermal paper stacked
thereon to apply heat to the stacking member;

a heating operation of applying heat to be tested to a top
surface of the stacking member; and

a thermal conductivity estimation operation of estimating
thermal conductivity in the tissue by converting an
extent of thermal damage according to a thermal depth
of the thermal paper piled as the respective layers of the
stacking member into an extent of thermal damage
according to a depth of the targeted tissue,

wherein the method is performed to obtain a thermal con-
duction process and a thermal distribution pattern in the
targeted tissue.

11. The method of claim 10, wherein the preparation opera-

tion comprises:

an upper plate temperature regulation operation of regulat-
ing a temperature of an upper plate configured to be
placed below the stacking member to maintain a tem-
perature similar to that of the targeted tissue; and

alower plate attachment/pressing operation of, when mea-
surement of a curved surface is required, plastically
deforming a lower plate so that the lower plate has the
curved surface and attaching the upper plate to the lower
plate.

12. The method of claim 10, further comprising:

a 3D reconstitution operation of three-dimensionally
reconstituting a thermal image formed on the thermal
paper piled as the respective layers of the stacking mem-
ber after the heating operation of applying heat to be
tested to the top surface of the stacking member.

13. The method of claim 10, wherein the number of stacked
sheets of the thermal paper in the thermal paper stacking
operation satisfies the relationship according to the following
Equation:

{Number of stacked sheets)=(Thickness of tissue)x

(kp/ked)i Xd Equation

wherein
“kp” represents a thermal conductivity constant of the
thermal paper,
“kd” represents a thermal conductivity constant of the
tissue, and
“Xd” represents a thickness of the thermal paper.
14. The method of claim 10, wherein the thermal damage
depth of the targeted tissue in the thermal conductivity esti-
mation operation satisfies the following Equation:

{Thermal damage depth)=(Number of sheets of ther-

mal paper with discoloration)xXdx (kd/kp), Equation

wherein
“kp” represents a thermal conductivity constant of the
thermal paper,
“kd” represents a thermal conductivity constant of the
tissue, and
“Xd” represents a thickness of the thermal paper.
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