
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau
(10) International Publication Number

(43) International Publication Date WO 2013/055370 Al
18 April 2013 (18.04.2013) P O P C T

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
F24D 11/00 (2006.01) kind of national protection available): AE, AG, AL, AM,

AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
(21) International Application Number: CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,

PCT/US201 1/056442 DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
(22) International Filing Date: HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,

14 October 201 1 (14.10.201 1) KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,

(25) Filing Language: English OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,

(26) Publication Language: English SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(71) Applicant (for all designated States except US): EMPIRE
TECHNOLOGY DEVELOPMENT LLC [US/US]; (84) Designated States (unless otherwise indicated, for every

271 1 Centerville Road, Suite 400, Wilmington, DE 19808 kind of regional protection available): ARIPO (BW, GH,

(US). GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU,

(72) Inventor; and TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
(75) Inventor/Applicant (for US only): FUJIMOTO, Koji DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,

[JP/JP]; 8-1 Bettocho, Kitashirakawa, Sakyo-ku, Kyoto- LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
shi, 606-8276 (JP). SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,

GW, ML, MR, NE, SN, TD, TG).(74) Agents: ISRAELSEN, R., Burns et al; MASCHOFF
GILMORE & ISRAELSEN, 1441 W. Ute Blvd., Suite 100,
Park City, UT 84098 (US).

[Continued on nextpage]

(54) Title: AIR EXCHANGING THERMALLY RESPONSIVE WALL PANELS AND METHODS

(57) Abstract: Thermally responsive walls can be formed of wall panels
made from different materials and having staggered conduits with respect to
each other when coupled together (e.g., pancaked or layered) to form a wall
at one temperature. The staggered conduits in the different wall panels are
configured such that they become aligned at a second temperature due to
differences in expansion coefficients. The wall panels can be designed using
a computing system that processes an algorithm that accounts for various
parameters, such as the different thermal expansion coefficients.

FIG. 1A FIG. Ϊ

o

1C s FIG. I D



w o 2013/055370 A l 111 111 II I I I Hill 1 lll l I I II I I II III II I II

Published:



AIR EXCHANGING THERMALLY RESPONSIVE WALL PANELS AND METHODS

BACKGROUND

[001] Recently, buildings have become more airtight to inhibit a desired temperature within

a building to change toward an undesired temperature; either hotter or colder. When a

heating system is used in a cold climate for a building that has significant air exchange with

the outside, airflow can cause the inside of the building to decrease in temperature as colder

air penetrates into the building and warmer air escapes. On the other hand, when a cooling

system is used to cool the inside of a building in a warmer climate that has significant air

exchange with the outside, airflow can cause the inside of the building to increase in

temperature as warmer air penetrates into the building and cooler air escapes. The

improvements in airtight buildings have sought to overcome the problems of inefficient

indoor temperature control due to significant air exchange from inside to outside of the

building. The airtightness has been increased from the perspective of saving energy and,

possibly to prevent global warming due to less resources being used for energy.

[002] While the use of building materials with high thermal insulation properties enables

control of thermal movement between the inside and outside of a building, it also makes

release of warmed air from the inside more difficult. The buildup of heat and increased

temperatures inside a building can necessitate active ventilation of the building using fans to

exchange the warmer indoor temperature to the cooler outdoor temperature. While using fans

may be effective in exchanging indoor and outside air, they consume energy and may not

provide sufficient thermal movement without a large vent or opening that itself can be

problematic for indoor temperature control. Air conditioning with cooling systems can

decrease temperatures, but they consume a lot of energy and can cause undesirable

condensation.



SUMMARY

[003] Generally, the present technology relates to thermally responsive walls formed of

wall panels made from different thermally responsive materials and having staggered

conduits with respect to each other when coupled together (e.g.,, pancaked or layered) to

form a wall at one temperature. The staggered conduits in the different wall panels are

configured such that they become aligned at a second temperature due to differences in

expansion coefficients. The wall panels can expand in all three dimensions when not

restricted from a frame or other abutting element. The wall panels can be designed using

a computing system that processes an algorithm that accounts for various parameters,

such as the different thermal expansion coefficients.

[004] In one embodiment, a thermally responsive wall panel can include: a first wall

sheet of a first material having a first expansion coefficient, the first wall sheet having an

outer surface and an opposite first interstitial surface with one or more first conduits

extending from one or more outer openings in the outer surface to one or more first

interstitial openings so as fluidly couple the one or more first outer openings with the one

or more first interstitial openings; and a second wall sheet of a material having a second

expansion coefficient, the second wall sheet having an inner surface and an opposite

second interstitial surface with one or more second conduits extending from one or more

inner openings in the inner surface to one or more second interstitial openings so as

fluidly couple the one or more inner openings with the one or more second interstitial

openings, the first interstitial surface being coupled to or adjacent or in contact with the

second interstitial surface in one or more discrete locations, wherein the one or more first

conduits are arranged with respect to the one or more second conduits such that the one or

more first conduits are not aligned with the one or more second conduits at a first

temperature and such that the one or more first conduits are aligned with the one or more

second conduits at a second temperature.

[005] In one embodiment, a thermally responsive wall panel can include: a first wall

sheet of a first material having a first linear expansion coefficient with one or more first

conduits; and a second wall sheet of a material having a second linear expansion

coefficient with one or more second conduits, the first wall sheet being coupled to or

adjacent or in contact with the second wall sheet in one or more discrete locations,

wherein the one or more first conduits are arranged with respect to the one or more

second conduits such that the one or more first conduits are not aligned with the one or



more second conduits at a first temperature and such that the one or more first conduits

are aligned with the one or more second conduits at a second temperature.

[006] In one embodiment, a kit can include: a first wall sheet of a first material having a

first expansion coefficient with one or more first conduits; and a second wall sheet of a

material having a second expansion coefficient with one or more second conduits,

wherein the first wall sheet and second wall sheet are cooperatively configured such that

one or more first conduits are arranged with respect to the one or more second conduits

upon coupling the first wall conduit to the second wall conduit such that the one or more

first conduits are not aligned with the one or more second conduits at a first temperature

and such that the one or more first conduits are aligned with the one or more second

conduits at a second temperature.

[007] The thermally responsive wall panel can be configured for various uses, such as in

a structure having one or more walls or ceilings. Some examples can include an antenna

housing, a building, a multi-floor building, a house, or other. The thermally responsive

wall can also be configured as a floor or a ceiling/roof. In application, the thermally

responsive wall panels can be dimensioned as a full wall or a grid of panels can be

combined for a wall. When used as a grid of panels, a frame can be used to hold the

panels in place. Also, a buffer member prepared from a rubber or elastomeric material can

be located between the frame and each panel. The buffer member can compress to allow

expansion of the panels from a native size to an expanded size, and can expand when the

panels retract to a native size. The buffer member can be located on one or more sides of

the panel to provide a buffer zone with the frame.

[008] In one embodiment, a method is provided for preparing a thermally responsive

wall. Such a method can include: providing a first wall sheet of a first material having a

first expansion coefficient with one or more first conduits; and providing a second wall

sheet of a material having a second expansion coefficient with one or more second

conduits; and associating (e.g., coupling or contacting) the first wall sheet to the second

wall sheet in one or more discrete locations such that the one or more first conduits are

arranged with respect to the one or more second conduits such that the one or more first

conduits are not aligned with the one or more second conduits at a first temperature and

such that the one or more first conduits are aligned with the one or more second conduits

at a second temperature.



[009] In one embodiment, a computing method is provided for designing a thermally

responsive wall. The computing method can include computing the expansion coefficient

of the first wall sheet and expansion coefficient of the second wall sheet as well as other

parameters so as to arrive at wall sheets that when mated flat or layered they have

corresponding first conduits and second conduits that are staggered (e.g., not aligned) at a

first temperature but are aligned so as to form a conduit through the entire thermally

responsive wall at a second temperature. The computing method can be conducted on a

computing system having a computer readable media including computer executable

instructions for causing the computing system to design a thermally responsive wall

panel.

[010] The foregoing summary is illustrative only and is not intended to be in any way

limiting. In addition to the illustrative aspects, embodiments, and features described

above, further aspects, embodiments, and features will become apparent by reference to

the drawings and the following detailed description.

BRIEF DESCRIPTION OF THE FIGURES

[01 1] The foregoing and following information as well as other features of this

disclosure will become more fully apparent from the following description and appended

claims, taken in conjunction with the accompanying drawings. Understanding that these

drawings depict only several embodiments in accordance with the disclosure and are,

therefore, not to be considered limiting of its scope, the disclosure will be described with

additional specificity and detail through use of the accompanying drawings, in which:

[012] Figures 1A-1F provide schematic representations of embodiments of a thermally

responsive wall having two wall panels made of materials having two different expansion

coefficients, each wall panel having conduits that become aligned at one temperature and

staggered at another temperature;

[013] Figure 2 provides a schematic representation of another embodiment of a

thermally responsive wall having two wall panels made of materials having two different

expansion coefficients, each wall panel having arc-shaped slit conduits that are spaced

outward from a center at increasing distances;

[014] Figure 3 provides a schematic representation of an embodiment of a thermally

responsive wall having two wall panels made of materials having two different expansion



coefficients, each wall panel having conduits that become aligned when the temperature

is changed from one temperature to another temperature;

[015] Figure 4A provides a schematic representation of an embodiment of a structure

having at least one air exchanging thermally responsive wall having a plurality of

thermally responsive wall panels;

[016] Figure 4B provides a schematic representation of an embodiment of a thermally

responsive wall panel in a frame with a buffer element located between the panel and

frame;

[017] Figure 4C is a schematic representation of a cross-sectional side view of a portion

of the frame, buffer element, and thermally responsive wall panel of Figure 4B;

[018] Figures 5A-5C provide schematic representations of an embodiment of a

thermally responsive wall having three wall panels made of materials having three

different expansion coefficients, each wall panel having conduits that become aligned as

the temperature changes and passes a temperature threshold;

[019] Figure 6 provides a schematic representation of a computing system configured to

design a thermally responsive wall; and

[020] Figure 7 flow diagram as a representation of a method for preparing a thermally

responsive wall,

[021] arranged in accordance with at least one of the embodiments described herein, and

which arrangement may be modified in accordance with the disclosure provided herein by

one of ordinary skill in the art.

DETAILED DESCRIPTION

[022] In the following detailed description, reference is made to the accompanying

drawings, which form a part hereof. In the drawings, similar symbols typically identify

similar components, unless context dictates otherwise. The illustrative embodiments

described in the detailed description, drawings, and claims are not meant to be limiting.

Other embodiments may be utilized, and other changes may be made, without departing

from the spirit or scope of the subject matter presented herein. It will be readily

understood that the aspects of the present disclosure, as generally described herein, and

illustrated in the figures, can be arranged, substituted, combined, separated, and designed

in a wide variety of different configurations, all of which are explicitly contemplated

herein.



[023] Generally, a thermally responsive wall panel can be prepared to facilitate air exchange

by having staggered air venting conduits that become aligned to form conduits through the entire

thermally responsive wall panel as the temperature crosses a temperature threshold. The

thermally responsive wall panel can include wall materials that have different expansion

coefficients. The wall materials are selected in order to be capable of being formed into

wall panels having appropriately arranged conduits (e.g., holes or slits) formed

therethrough. The different wall panels can be layered so that the air conduits change from

staggered to aligned as the temperature changes. The wall panels can be of various sizes

and can be configured as tiles, panels, or entire walls such that they are capable of

facilitating thermally selective air exchange or venting. The wall panels can be arranged with

or without frames and can expand in 3 dimensions, where X and Y directional expansion can

facilitate formation of the aligned conduits. Buffer members that are compressible/expandable

can be located between one or more sides of the wall panel and the frame, which buffer

member can allow for the wall panels to expand and retract while maintaining a barrier to air

flow.

[024] The thermally responsive wall panel can include two or more layers of different

materials having different linear expansion coefficients. The different layers can be sheets that

have appropriately arranged holes or slits for selective venting. In some embodiments, the

thermally responsive wall can include one sheet of a material with a large linear expansion

coefficient and another sheet of a material with a small linear expansion coefficient. The

difference in expansion coefficients can be used to design the sheets to have the holes or

slits arranged to provide venting at a certain temperature range and to also provide

airtightness or reduced venting at another temperature range.

[025] The wall sheets can be coupled together in various configurations in order to

provide for selective venting. The sheets can be arranged in a frame that holds one or more

of the edges of the wall sheets together. The frame can be mounted to account for the

expansion of all the sheets that are framed into a wall panel. The buffer members can be

located between the frame and wall panel, and can contract when the wall panel expands and

expand when the wall panel contracts from temperature changes. The buffer members may

also have a thermal expansion coefficient that allows for the expansion/contraction

functionality to maintain a barrier to air flow or airtightness. The sheets may also be

associated (e.g., adhered or coupled) together at one or more discrete locations, such as at the



center and/or at the corners or along one or more edges to arrange the components in order as

construction materials.

[026] The wall sheets can be selectively configured for particular venting characteristics so

that the wall panel provides the desired venting. In order to have desired venting, the

arrangement and dimensioning of the air conduits can be determined by a computing system

that processes an algorithm that accounts for various parameters. The computing system can

receive input data regarding the conditions of a wall having the wall panels, and the computing

system can process the data through the algorithm in order to determine one or more

arrangements of air conduits in two or more wall sheets.

[027] Figures 1A-1F provide schematic representations of embodiments of a thermally

responsive wall panel 100 having two wall sheets 101, 102 (shown as individual sheets;

Fig. 1A and IB) made of two different expansion coefficients, each wall sheet 101, 102

having conduits 108, 110 that become aligned at one temperature and staggered at another

temperature. As such, the wall 100 has a first (closed) configuration 104 and a second

(open) configuration 106 (shown as assembled panels; Fig. 1C and ID). Figures 1C and

ID show expansion in the lateral or X plane as shown by the arrows with a frame 150

holding the top and bottom edges of the panel 100 from expansion in the longitudinal or

Y axis.

[028] Figure 1A provides a schematic representation of an embodiment of a wall sheet

101 of a first material having a first expansion coefficient. The first wall sheet 101 can

have an outer surface 120 and an opposite first interstitial surface 122. The first wall sheet

101 can include first conduits 108 that can extend from outer openings 124 in the outer

surface 120 to first interstitial openings 126. The first conduits 108 can fluidly couple the

first outer openings 124 with the first interstitial openings 126.

[029] Figure IB provides a schematic representation of an embodiment of a second wall

sheet 102 of a second material having a second expansion coefficient. The second wall

sheet 102 can have an inner surface 134 and an opposite second interstitial surface 132.

The second wall sheet 102 can include second conduits 110 that can extend from inner

openings 128 in the inner surface 134 to second interstitial openings 130. The second

conduits 110 can fluidly couple the inner openings 128 with the second interstitial

openings 130. The first interstitial surface 122 can be associated with (e.g., coupled to)

the second interstitial surface 132 in one or more discrete locations in order to form the

thermally responsive wall 100. The first interstitial surface 122 and the second interstitial



surface 132 may abut in some instances and there may be an interstitial space (not shown)

therebetween in other instances.

[030] Figures 1C-1D show the first wall sheet 101 and second wall sheet 102 formed

into a thermally responsive wall 100, where the first wall sheet 101 is shown behind the

second wall sheet 102. As shown in Figure 1C, the thermally responsive wall 100 has the

first configuration 104, which has the air conduits 108, 110 in a staggered and closed

configuration 112. As shown in Figure ID, the thermally responsive wall 100 has the

second configuration 106, which has the air conduits 108, 110 in an aligned and open

configuration 114. Of course, the aligned and open configuration 114 can be only

partially open to fully open. The aligned and open configuration 114 shows expansion in

only the X plane as indicated by the arrows. The frame 150 binds the top and bottom

edges of the wall panel 100 to inhibit expansion in the Y plane. Of course, the air

conduits 108, 110 can be partially aligned and/or partially opened as the temperature

transitions the thermally responsive wall 100 from the staggered and closed configuration

112 to the aligned and open configuration. Figure IE shows a side view of the thermally

responsive wall 100 having the first wall sheet 101 and the second wall sheet 102.

[031] Figure IF provides a schematic representation of an embodiment of a wall sheet

101a having slits 108a. The slits 108a can be configured to be at least substantially

closed at a first temperature and to be substantially open at a second temperature. The

substantially closed configuration can be airtight or a small amount of air may leak

through. The substantially open configuration can allow airflow, which is greater than

obtained from an air leak. The slit 108a can be considered to be substantially closed

when visual analysis indicates that the slit 108a appears to be closed even though some

air may be capable of passing through, such as when a portion of the slit 108a is closed

and another portion is slightly opened. As such, a substantially closed slit 108a can be

more closed than open. On the other hand, a substantially open slit 108a can be more

open than closed. The slits 108a can be narrow cuts that extend from a first slit opening

124a on a first surface 120 through to a second slit opening 126a on first interstitial

surface 122. When the slits 108a are open, the sheet 101a can appear with conduits 108

as in Figures 1A or IB, where the wall sheets 101, 102 are aligned so that the slits are

aligned. In Figure IF, the closed configuration can be from expansion at a higher

temperature and the open configuration can be from contraction at a lower temperature.



However, some materials may have expansion and a closed configuration at lower

temperatures and contraction and an open configuration at higher temperatures.

[032] Accordingly Figures 1A-1F show that the thermally responsive wall 100 having

two or more different wall panels 101, 102 can have one or more first conduits 108 that

are arranged with respect to one or more second conduits 110 such that the one or more

first conduits 108 are not aligned with the one or more second conduits 110 at a first

temperature (see Figure 1C) and such that the one or more first conduits are aligned with

the one or more second conduits 110 at a second temperature (see Figure ID).

[033] Figure 2 provides a schematic representation of an embodiment of a wall 200

having a first wall sheet 201 and a second wall sheet 202 in a closed configuration 204.

This embodiment is capable of expanding in the X and Y planes so that all for side edges

can expand outwardly and contract inwardly with temperature as shown by the arrows.

The first wall sheet is shown to have an arrangement of air conduits 208 spaced at

increasing distances at each next radial air conduit 208. While semicircular arcs are

illustrated, the air conduits 208 can have any other shape. The spacing of the air conduits

208 at increasing interval distances can provide for regulated temperature exchange as the

inner air conduits 208 may become aligned sooner than the outer air conduits 208 with

regard to a center 216. This can provide for faster temperature change when the central

air conduits 208 become aligned, but the air exchange becomes more regulated at the

outer air conduits 208 become aligned.

[034] While not shown, the air conduits 208 can have the interval distances decrease

between adjacent air conduits 208 as they move further from the center 216. The larger

interval distances between air conduits 208 closer to the center 216 can provide for a

regulated temperature change that allows more temperature change as more of the outer

air conduits 208 become aligned.

[035] Figure 3 provides a schematic representation of an embodiment of a portion of a

thermally responsive wall panel 300 that has a staggered and closed configuration 304

and then after a temperature change the wall 300 has an aligned and open configuration

306. As shown, the wall panel 300 has a lower coefficient wall sheet 302 and a higher

coefficient wall sheet 301 that expands relatively more from increasing temperature as

shown by the arrows. When in the staggered and closed configuration 304, the lower

coefficient wall sheet 302 has a conduit 310 that does not align with a conduit 308 of the

high coefficient wall sheet 301. When in the aligned and open configuration 306, the



lower coefficient wall sheet 301 has a conduit 310 that aligns with a conduit 308 of the

high coefficient wall sheet 301. The arrows 340 illustrate the flow of air through the

aligned conduits 308, 310.

[036] Figure 4A provides a schematic representation of an embodiment of a building

400 that has a plurality of thermally responsive wall panels 404 (e.g., 404a, 404b, 404c,

and 404d) with air conduits 408 to form a thermally responsive wall 401 configured as

described herein to facilitate selective air exchange. The wall panels 404 are shown to

each have a fastener 416 that fastens the wall sheets of the wall panel 404 together. The

wall panel 404 is shown to have four fasteners 416 at the corners and one fastener 416 at

the center. However, various other fastener arrangements can be used in order to provide

the selective air exchange functionality.

[037] Figure 4A also shows that the wall panels 404 are each contained within a frame

442. The Frame 442 forms a grid. The frame 442 can include a frame lip 422 that retains

the wall panel 404 in place. As shown, the panels 404 are received into the frame 442

and held in place with the frame lip 422. The frame 442 holds the sheets of the wall panel

404 together to allow for thermal expansion. The frame 442 can be configured to provide

structural support to the wall sheets 404. The frame 442 can then be mounted into a

building 400 or other structure.

[038] Figure 4B provides a schematic representation of an embodiment of a thermally

responsive wall panel 404 in a frame 442 with a buffer element 420 located between the

panel 404 and frame 442. Figure 4C is a schematic representation of a cross-sectional side

view of a portion of the frame 442, buffer element 420, and thermally responsive wall

panel 404 that includes thermally responsive sheets 404a, 404b of Figure 4B. The buffer

element 420 is a elastically resilient material that can be compressed under force and

expanded when released so as to go back to its native state (e.g., native dimensions).

Also shown in Figure 4B is the frame lip 422 that can hold the buffer element 420 in

place. The buffer element 420 can be configured similar to memory foam such that it can

be compressed and automatically expand back to its native state when the compressive

force is removed; however the buffer element 420 does not need to be foam. The buffer

element 420 can be any elastomeric material or rubber.

[039] Figures 5A-5C provide schematic representations of an embodiment of a

thermally responsive wall having three wall panels made of materials having three

different expansion coefficients, each wall panel having conduits that become aligned as



the temperature changes and passes a temperature threshold. Figures 5A-5C illustrate

that a wall 500 can have a plurality of wall sheets although three wall sheets are used for

illustration. Additional wall sheets can be added as desired or designed.

[040] Figure 5A shows a first wall sheet 501a having a first conduit 508a, a second wall

sheet 502a having a second conduit 510a, and a third wall sheet 503a having a third

conduit 5 11a. The wall sheets 501a, 502a, 503a, are arranged in the first configuration

504a where none of the conduits 508a, 510a, 5 11a are aligned; the conduits 508a, 510a,

5 11a have a staggered pattern 513a.

[041] Figure 5B shows a first wall sheet 501b having a first conduit 508b, a second wall

sheet 502b having a second conduit 510b, and a third wall sheet 503b having a third

conduit 5 11b. The wall sheets 501b, 502b, 503b, are arranged in an intermediate

configuration 504b where some of the conduits 508b, 510b, are aligned and other

conduits 5 11b are not aligned; the conduits 508b, 510b, 5 11b have a semi-staggered

pattern 513b. The arrows show that wall sheet 501b and wall sheet 502b expand more

than wall sheet 503b, with wall sheet 501b expanding more than wall sheet 502b.

[042] Figure 5C shows a first wall sheet 501c having a first conduit 508c, a second wall

sheet 502c having a second conduit 510c, and a third wall sheet 503c having a third

conduit 5 11c. The wall sheets 501c, 502c, 503c, are arranged in the second configuration

504c where all of the conduits 508c, 510c, 5 11c are aligned; the conduits 508c, 510c,

5 11c form a long conduit 513c through the entire wall 500. The arrows show that the wall

sheets 501c and 502c expanded more than wall sheet 503c.

[043] The present disclosure is not to be limited in terms of the particular embodiments

illustrated in the figures, which are intended as illustrations of various aspects. Many

modifications and variations can be made without departing from its spirit and scope, as

will be apparent to those skilled in the art. Aspects of the figures can be included and

arranged with aspects of other figures in accordance with the disclosure provided herein.

Functionally equivalent methods and apparatuses within the scope of the disclosure, in

addition to those enumerated herein, will be apparent to those skilled in the art from the

figures. Such modifications and variations are intended to fall within the scope of the

appended claims. The present disclosure is to be limited only by the terms of the

appended claims, along with the full scope of equivalents to which such claims are

entitled. It is to be understood that this disclosure is not limited to particular methods,

reagents, compounds compositions or biological systems, which can, of course, vary. It is



also to be understood that the terminology used herein is for the purpose of describing

particular embodiments only, and is not intended to be limiting.

[044] The various embodiments of the thermally responsive wall will now be described

with respect to a first wall sheet and a second wall sheet. In one aspect, the first wall

sheet or second wall sheet that has a lower expansion coefficient can be dimensioned

larger than the other wall at the first temperature.

[045] The first wall sheet and/or second wall sheet can have a planar cross-sectional

profile dimensioned as at least a portion of a full wall. In some instances the wall panel

can be a full wall from floor to ceiling. In some instances the wall panel can be

dimensioned to extend past the floor and/or ceiling. For example, the wall panel can form

a wall for a first level, and it may or may not extend past the floor into a basement or

lower level and/or extend past the ceiling into an attic or upper level. In other instances

the wall panels can be used like tile for a wall. The first wall sheet and second wall sheet

can have the same planar cross-sectional profile. The first wall sheet and second wall

sheet can have the same height and/or width. The first wall sheet and second wall sheet

can have the same thickness.

[046] The wall sheets and wall panels can have any dimensions in the X and Y planes.

Reasonable dimensions can be used for the X plane. Non-limiting examples of

dimensions of the X and Y plane dimensions can each independently range from 1 foot to

50 feet, from 2 feet to 40 feet, from 3 feet to 30 feet, from 4 feet to 20 feet, from 5 feet to

15 feet, from 6 feet to 10 feet, or anywhere therebeetween. Also, smaller or larger sizes

may be possible.

[047] In one aspect, the first wall sheet and second wall sheet can have different planar

cross-sectional profiles. Also, the first wall sheet and second wall sheet can have

different height and/or width. The first wall sheet and second wall sheet can have

different thicknesses.

[048] In one embodiment, the first material of the first wall sheet has a lower expansion

coefficient and the second wall sheet has a higher expansion coefficient. In one example,

the first material is metal and the second material is polymeric, or vice versa. In another

example, the first and second materials are both metals. In another example, the first and

second materials are both polymeric. In another example, the first and/or second material

is ceramic. In another example, the first and/or second material is a natural material. In

another example, the first and/or second material is a modified natural material, such as



fiber board, plywood, or combinations thereof. In another example, the first or second

material with a lower expansion coefficient is selected from glass, aluminum, brass,

carbon steel, copper, gold, iron, lead, nickel, silicon, silver, stainless steel, or steel, and

the first or second material with a higher expansion coefficient is selected from wood,

rubber, polyethylene, polyacetal, polyvinylchloride, or other polymeric material.

[049] In one embodiment, the first or second material with a lower linear expansion

coefficient ranges from about Ixl0 /°C to about 30xlO /°C at 20°C, and the other

material has a higher linear expansion coefficient greater than or about 30xlO /°C at

20°C. In one example, first material has a higher expansion coefficient compared to the

second material. In another example, the first material has a lower expansion coefficient

compared to the second material. The first and/or second material can have a linear

expansion coefficient. In one example, the first or second material has an expansion

coefficient of greater than or about Ixl0 4/°C in magnitude and the other material has an

expansion coefficient of less than or about lxl0 5/°C in magnitude. In another example,

the first or second material with a lower volumetric expansion coefficient ranges from

about Ixl0 /°C to about 90xlO /°C at 20°C, and the other material has a higher linear

expansion coefficient greater than or about 100xlO /°C at 20°C.

[050] In one embodiment, the wall can be flat. Alternatively, the wall can be curved.

The conduits can be straight or curved, normal to the wall or at an angle, such as 45

degrees.

[051] The wall sheets can be arranged so that one or more of the first slit conduits of a

first wall sheet correspond with one or more second slit conduits of a second wall sheet.

The first conduits and corresponding second conduits can have similar cross-sectional

profiles. Also, the first conduits and corresponding second conduits can have different

cross-sectional profiles. In one example, the first conduits and/or second conduits can

have a slit cross-sectional profile. The first conduits and/or second conduits can have a

flat slit cross-sectional profile. Alternatively, the first conduits and/or one or more second

conduits can have a curved slit cross-sectional profile. Also, the first conduits and/or

second conduits can have a circular slit cross-sectional profile. The first conduits and/or

second conduits may also have a squared slit cross-sectional profile. In one aspect, the

first conduits and/or second conduits can have a rounded cross-sectional profile. In

another aspect, the first conduits and/or second conduits can have a squared cross-

sectional profile. In another aspect, the first conduits and/or second conduits can have a



polygonal cross-sectional profile. The first conduits and/or second conduits have a

predetermined cross-sectional profile determined from the first and/or second material

expansion coefficients. The configuration of the conduits can be predetermined using a

computing system that calculates the conduits based on the material expansion

coefficients.

[052] The computing system can also calculate the placement of the conduits. This can

include the first conduits and/or second conduits being randomly distributed across the

first wall sheet and/or second wall sheet. Alternatively, the first conduits and/or second

conduits can be evenly distributed across the first wall sheet and/or second wall sheet.

Also, the first conduits and/or second conduits can be symmetrically distributed across

the first wall sheet and/or second wall sheet with respect to a center point of the first wall

sheet and second wall sheet.

[053] In one embodiment, the first conduits and/or second conduits can be configured as

two or more concentric arcs with respect to a center point of the first wall sheet and

second wall sheet, such as shown in Figure 2 . The first conduits and/or second conduits

can be located at increasing intervals from a center point of the first wall sheet and/or

second wall sheet. Alternatively, the first conduits and/or second conduits can be located

at decreasing intervals from a center point of the first wall sheet and/or second wall sheet.

[054] The first conduits and/or second conduits can have a center axis orthogonal with a

plane of the first wall sheet and/or second wall sheet. Alternatively, the center axis can be

at an angle from 90 degrees to about 45 degrees to about 10 degrees.

[055] The first wall sheet and second wall sheet can be coupled by being affixed. In one

example, the affixation of the first wall sheet and second wall sheet is via an adhesive. In

another example, the affixation is via a mechanical fastener. In another example, the

affixation is via a frame. In another example, the first wall sheet and second wall sheet

are coupled by contact.

[056] The wall sheets can be coupled together at various discrete locations. As such, the

first wall sheet and second wall sheet can be coupled at a common center point of both

the first wall sheet and second wall sheet. In one aspect, the first wall sheet and second

wall sheet can be coupled at one or more corresponding corners of both the first wall

sheet and second wall sheet. In one aspect, the first wall sheet and second wall sheet can

be coupled at one or more perimeter edges. The one or more discrete locations can be

located at a common center point of the first wall sheet and second wall sheet. As such,



the common center point of the first wall sheet and second wall sheet can be devoid of a

conduit.

[057] The thermally responsive wall panel can be configured such that under the first

temperature the outer surface and inner surface are not fluidly coupled. Also, under the

second temperature the outer surface and inner surface are fluidly coupled. This can

include the outer surface and inner surface becoming more fluidly coupled as the

temperature changes from the first temperature to the second temperature. By becoming

"more fluidly coupled," the conduits in the walls move from a non-fluidly coupled

orientation toward a fully fluidly coupled orientation. For example, the transition of

moving from the conduits being unaligned toward being completely aligned results in

outer surface and inner surface being "more fluidly coupled." Accordingly, the first

conduits and second conduits can become more fluidly coupled as the temperature

changes from the first temperature to the second temperature. In one example, the first

temperature is higher than the second temperature. Alternatively, the first temperature is

lower than the second temperature.

[058] In one embodiment, the thermally responsive wall can be part of a structure. In

one example, the thermally responsive wall can be an internal wall of the structure. In

another example, the thermally responsive wall can be an external wall of the structure.

The structure can be configured to house an antenna.

[059] In one embodiment, the structure having the thermally responsive wall can further

include a mechanical air conditioning system configured to selectively heat or cool the

wall. The mechanical air conditioning system can include any components of systems

that regulate the temperature of air, such as but not limited to, fans, louvers, swamp

coolers, air conditioning units, or other mechanical devices used to regulate temperature

in a structure.

[060] In one embodiment, the thermally responsive wall can include a third wall sheet

located adjacent to the first or second wall sheet. The third wall sheet can have a third

expansion coefficient that is different from at least one of the first expansion coefficient

or second expansion coefficient. The third wall sheet can have one or more third conduits.

The third conduits can be arranged with respect to the first or second conduits such that

the first or second conduits are not aligned with the third conduits at a first temperature

and such that the first or second conduits are aligned with the third conduits at a second

temperature.



[061] In one embodiment, the thermally responsive wall can include a plurality of wall

sheets having one or more expansion coefficients. Each of the plurality of walls can have

one or more conduits arranged with respect to the first or second conduits such that the

first or second conduits are not aligned with the one or more conduits of the plurality at a

first temperature and such that the first or second conduits are aligned with the one or

more conduits of the plurality at a second temperature.

[062] A first sheet can be composed of a high molecular weight substance with a large linear

expansion coefficient such as polyethylene (1.9 x 104), polyacetal ( 1 x 104), polyvinylidence

chloride ( 1.9 x 104) or other such resin material. The second sheet can be composed of a metal

material with a small linear expansion coefficient such as stainless steel, SUS410 or 5US440 ( 1 x

104) .

[063] For example, the first wall sheet can be high-molecular weight polyethylene. The

temperature difference can be about 30°C between winter (5°C) and summer (35°C). The first

wall sheet can have slit conduits at positions 50 mm, 100 mm, and 200 mm away from the

center of the sheet. These slit conduits can have positional deviations of 0.6 mm, 1.2 mm, and

2.4 mm, respectively, between the summer and winter. As such, the slit conduit interval can be

determined to allow for an increase in deviation the further the distance from the center.

[064] In one embodiment, a thermally responsive wall can be provided as a kit that can

be assembled on site. The kit can include a first wall sheet of a first material having a

first expansion coefficient with one or more first conduits. Also, the kit can include a

second wall sheet of a material having a second expansion coefficient with one or more

second conduits. The first wall sheet and second wall sheet can be cooperatively

configured such that one or more first conduits are arranged with respect to the one or

more second conduits upon coupling the first wall conduit to the second wall conduit such

that the one or more first conduits are not aligned with the one or more second conduits at

a first temperature and such that the one or more first conduits are aligned with the one or

more second conduits at a second temperature. The kit can also include an adhesive, a

fastener, and/or a frame to mount the wall sheets together to form the wall.

[065] Figure 7 illustrates a method 700 that can be used for preparing a thermally

responsive wall. The method 700 can include providing a first wall sheet of a first

material having a first expansion coefficient with one or more first conduits ("PROVIDE

FIRST WALL," block 710). The method 700 can include providing a second wall sheet

of a material having a second expansion coefficient with one or more second conduits



("PROVIDE SECOND WALL," block 712). Then, the first wall sheet can be coupled to

the second wall sheet in one or more discrete locations ("COUPLED FIRST WALL TO

SECOND WALL," block 714). The first wall sheet can be coupled to the second wall

sheet so that the one or more first conduits are arranged with respect to the one or more

second conduits such that the one or more first conduits are not aligned with the one or

more second conduits at a first temperature and such that the one or more first conduits

are aligned with the one or more second conduits at a second temperature. The dashed

box 702 indicates that some processes can be conducted at various points within the

method.

[066] In one embodiment, the method 700 can include framing the coupled first and

second wall sheets with a frame ("FRAME WALL," block 716). As such, the coupling

can be via a frame that frames the first and second wall sheets. In one aspect, the method

can include the coupling is via adhesive. In another aspect, the coupling is via a

mechanical fastener.

[067] In one embodiment, the method can include designing the first wall sheet and

second wall sheet to have corresponding first conduits and second conduits ("DESIGN

WALL," block (718). The smaller dashed 704 bock indicates that the process of

designing the wall can be conducted on a computing system. The designing process can

include considering the first expansion coefficient and second expansion coefficient

("CONSIDER EXPANSION COEFFICIENTS." block 720). The design process can also

include considering dimensions of the first and second conduits ("CONSIDER

CONDUIT DIMENSIONS," block 722). The design process can include considering

arrangement of the first and second conduits. The design process can include considering

temperature fluctuations ("CONSIDER TEMPERATURE FLUCTUATIONS," block

724). For example, the temperature fluctuations can be daily, weekly, monthly, seasonal,

yearly, or other period.

[068] The temperature fluctuations can also be from one or more operational electronic

devices located in a structure having the thermally responsive wall. The one or more

electronic devices can include network electronic devices. The one or more electronic

devices can be data storage facility devices.

[069] In one embodiment, the method 700 can include forming the first conduits in the

first wall sheet and forming the second conduits in the second wall sheet ("FORM



CONDUITS," block 726). The conduits can be formed separately on the individual

sheets.

[070] In one embodiment, forming the conduits can include: aligning the first wall sheet

and second wall sheet at the second temperature ("ALIGN WALLS," block 728); and

forming the first conduits and second conduits while the first wall sheet and second wall

sheet are aligned at the second temperature ("FORM CONDUITS WHILE WALLS

ALIGNED," block 730).

[071] One skilled in the art will appreciate that, for this and other processes and methods

disclosed herein, the functions performed in the processes and methods may be

implemented in differing order. Furthermore, the outlined steps and operations are only

provided as examples, and some of the steps and operations may be optional, combined

into fewer steps and operations, or expanded into additional steps and operations without

detracting from the essence of the disclosed embodiments.

[072] In an illustrative embodiment, any of the operations, processes, etc. described

herein can be implemented as computer-readable instructions stored on a computer-

readable medium. The computer-readable instructions can be executed by a processor of

a mobile unit, a network element, and/or any other computing device.

[073] There is little distinction left between hardware and software implementations of

aspects of systems; the use of hardware or software is generally (but not always, in that in

certain contexts the choice between hardware and software can become significant) a

design choice representing cost vs. efficiency tradeoffs. There are various vehicles by

which processes and/or systems and/or other technologies described herein can be

effected (e.g., hardware, software, and/or firmware), and that the preferred vehicle will

vary with the context in which the processes and/or systems and/or other technologies are

deployed. For example, if an implementer determines that speed and accuracy are

paramount, the implementer may opt for a mainly hardware and/or firmware vehicle; if

flexibility is paramount, the implementer may opt for a mainly software implementation;

or, yet again alternatively, the implementer may opt for some combination of hardware,

software, and/or firmware.

[074] The foregoing detailed description has set forth various embodiments of the

processes via the use of block diagrams, flowcharts, and/or examples. Insofar as such

block diagrams, flowcharts, and/or examples contain one or more functions and/or

operations, it will be understood by those within the art that each function and/or



operation within such block diagrams, flowcharts, or examples can be implemented,

individually and/or collectively, by a wide range of hardware, software, firmware, or

virtually any combination thereof. In one embodiment, several portions of the subject

matter described herein may be implemented via Application Specific Integrated Circuits

(ASICs), Field Programmable Gate Arrays (FPGAs), digital signal processors (DSPs), or

other integrated formats. However, those skilled in the art will recognize that some

aspects of the embodiments disclosed herein, in whole or in part, can be equivalently

implemented in integrated circuits, as one or more computer programs running on one or

more computers (e.g., as one or more programs running on one or more computer

systems), as one or more programs running on one or more processors (e.g., as one or

more programs running on one or more microprocessors), as firmware, or as virtually any

combination thereof, and that designing the circuitry and/or writing the code for the

software and or firmware would be well within the skill of one of skill in the art in light

of this disclosure. In addition, those skilled in the art will appreciate that the mechanisms

of the subject matter described herein are capable of being distributed as a program

product in a variety of forms, and that an illustrative embodiment of the subject matter

described herein applies regardless of the particular type of signal bearing medium used

to actually carry out the distribution. Examples of a signal bearing medium include, but

are not limited to, the following: a recordable type medium such as a floppy disk, a hard

disk drive, a CD, a DVD, a digital tape, a computer memory, etc.; and a transmission type

medium such as a digital and/or an analog communication medium (e.g., a fiber optic

cable, a waveguide, a wired communications link, a wireless communication link, etc.).

[075] Those skilled in the art will recognize that it is common within the art to describe

devices and/or processes in the fashion set forth herein, and thereafter use engineering

practices to integrate such described devices and/or processes into data processing

systems. That is, at least a portion of the devices and/or processes described herein can

be integrated into a data processing system via a reasonable amount of experimentation.

Those having skill in the art will recognize that a typical data processing system generally

includes one or more of a system unit housing, a video display device, a memory such as

volatile and non-volatile memory, processors such as microprocessors and digital signal

processors, computational entities such as operating systems, drivers, graphical user

interfaces, and applications programs, one or more interaction devices, such as a touch

pad or screen, and/or control systems including feedback loops and control motors (e.g.,



feedback for sensing position and/or velocity; control motors for moving and/or adjusting

components and/or quantities). A typical data processing system may be implemented

utilizing any suitable commercially available components, such as those generally found

in data computing/communication and/or network computing/communication systems.

[076] The herein described subject matter sometimes illustrates different components

contained within, or connected with, different other components. It is to be understood

that such depicted architectures are merely exemplary, and that in fact many other

architectures can be implemented which achieve the same functionality. In a conceptual

sense, any arrangement of components to achieve the same functionality is effectively

"associated" such that the desired functionality is achieved. Hence, any two components

herein combined to achieve a particular functionality can be seen as "associated with"

each other such that the desired functionality is achieved, irrespective of architectures or

intermedial components. Likewise, any two components so associated can also be

viewed as being "operably connected", or "operably coupled", to each other to achieve the

desired functionality, and any two components capable of being so associated can also be

viewed as being "operably couplable", to each other to achieve the desired functionality.

Specific examples of operably couplable include but are not limited to physically

mateable and/or physically interacting components and/or wirelessly interactable and/or

wirelessly interacting components and/or logically interacting and/or logically

interactable components.

[077] Figure 6 shows an example computing device 600 that is arranged to perform any

of the computing methods described herein. The computing system 600 can represent a

user side computing device, such as a mobile smart phone, as well as an application

marketplace search facilitating server, arranged in accordance with at least some

embodiments described herein. In a very basic configuration 602, computing device 600

generally includes one or more processors 604 and a system memory 606. A memory bus

608 may be used for communicating between processor 604 and system memory 606.

[078] Depending on the desired configuration, processor 604 may be of any type

including but not limited to a microprocessor (µΡ), a microcontroller µ , a digital signal

processor (DSP), or any combination thereof. Processor 604 may include one more levels

of caching, such as a level one cache 610 and a level two cache 612, a processor core 614,

and registers 616. An example processor core 614 may include an arithmetic logic unit

(ALU), a floating point unit (FPU), a digital signal processing core (DSP Core), or any



combination thereof. An example memory controller 618 may also be used with

processor 604, or in some implementations memory controller 618 may be an internal

part of processor 604.

[079] Depending on the desired configuration, system memory 606 may be of any type

including but not limited to volatile memory (such as RAM), non-volatile memory (such

as ROM, flash memory, etc.) or any combination thereof. System memory 606 may

include an operating system 620, one or more applications 622, and program data 624.

Application 622 may include a determination application 626 that is arranged to perform

the functions as described herein including those described with respect to methods

described herein. Program Data 624 may include determination information 628 that may

be useful for analyzing the contamination characteristics provided by the sensor unit 240.

In some embodiments, application 622 may be arranged to operate with program data 624

on operating system 620 such that the work performed by untrusted computing nodes can

be verified as described herein. This described basic configuration 602 is illustrated in

Figure 6 by those components within the inner dashed line.

[080] Computing device 600 may have additional features or functionality, and

additional interfaces to facilitate communications between basic configuration 602 and

any required devices and interfaces. For example, a bus/interface controller 630 may be

used to facilitate communications between basic configuration 602 and one or more data

storage devices 632 via a storage interface bus 634. Data storage devices 632 may be

removable storage devices 636, non-removable storage devices 638, or a combination

thereof. Examples of removable storage and non-removable storage devices include

magnetic disk devices such as flexible disk drives and hard-disk drives (HDD), optical

disk drives such as compact disk (CD) drives or digital versatile disk (DVD) drives, solid

state drives (SSD), and tape drives to name a few. Example computer storage media may

include volatile and nonvolatile, removable and non-removable media implemented in

any method or technology for storage of information, such as computer readable

instructions, data structures, program modules, or other data.

[081] System memory 606, removable storage devices 636 and non-removable storage

devices 638 are examples of computer storage media. Computer storage media includes,

but is not limited to, RAM, ROM, EEPROM, flash memory or other memory technology,

CD-ROM, digital versatile disks (DVD) or other optical storage, magnetic cassettes,

magnetic tape, magnetic disk storage or other magnetic storage devices, or any other



medium which may be used to store the desired information and which may be accessed

by computing device 600. Any such computer storage media may be part of computing

device 600.

[082] Computing device 600 may also include an interface bus 640 for facilitating

communication from various interface devices (e.g., output devices 642, peripheral

interfaces 644, and communication devices 646) to basic configuration 602 via

bus/interface controller 630. Example output devices 642 include a graphics processing

unit 648 and an audio processing unit 650, which may be configured to communicate to

various external devices such as a display or speakers via one or more A/V ports 652.

Example peripheral interfaces 644 include a serial interface controller 654 or a parallel

interface controller 656, which may be configured to communicate with external devices

such as input devices (e.g., keyboard, mouse, pen, voice input device, touch input device,

etc.) or other peripheral devices (e.g., printer, scanner, etc.) via one or more I/O ports 658.

An example communication device 646 includes a network controller 660, which may be

arranged to facilitate communications with one or more other computing devices 662 over

a network communication link via one or more communication ports 664.

[083] The network communication link may be one example of a communication media.

Communication media may generally be embodied by computer readable instructions,

data structures, program modules, or other data in a modulated data signal, such as a

carrier wave or other transport mechanism, and may include any information delivery

media. A "modulated data signal" may be a signal that has one or more of its

characteristics set or changed in such a manner as to encode information in the signal. By

way of example, and not limitation, communication media may include wired media such

as a wired network or direct-wired connection, and wireless media such as acoustic, radio

frequency (RF), microwave, infrared (IR) and other wireless media. The term computer

readable media as used herein may include both storage media and communication

media.

[084] Computing device 600 may be implemented as a portion of a small-form factor

portable (or mobile) electronic device such as a cell phone, a personal data assistant

(PDA), a personal media player device, a wireless web-watch device, a personal headset

device, an application specific device, or a hybrid device that include any of the above

functions. Computing device 600 may also be implemented as a personal computer

including both laptop computer and non-laptop computer configurations.



[001] With respect to the use of any plural and/or singular terms herein, those having

skill in the art can translate from the plural to the singular and/or from the singular to the

plural as is appropriate to the context and/or application. The various singular/plural

permutations may be expressly set forth herein for sake of clarity.

[002] It will be understood by those within the art that, in general, terms used herein,

and especially in the appended claims (e.g., bodies of the appended claims) are generally

intended as "open" terms (e.g., the term "including" should be interpreted as "including

but not limited to," the term "having" should be interpreted as "having at least," the term

"includes" should be interpreted as "includes but is not limited to," etc.). It will be

further understood by those within the art that if a specific number of an introduced claim

recitation is intended, such an intent will be explicitly recited in the claim, and in the

absence of such recitation no such intent is present. For example, as an aid to

understanding, the following appended claims may contain usage of the introductory

phrases "at least one" and "one or more" to introduce claim recitations. However, the use

of such phrases should not be construed to imply that the introduction of a claim

recitation by the indefinite articles "a" or "an" limits any particular claim containing such

introduced claim recitation to embodiments containing only one such recitation, even

when the same claim includes the introductory phrases "one or more" or "at least one"

and indefinite articles such as "a" or "an" (e.g., "a" and/or "an" should be interpreted to

mean "at least one" or "one or more"); the same holds true for the use of definite articles

used to introduce claim recitations. In addition, even if a specific number of an

introduced claim recitation is explicitly recited, those skilled in the art will recognize that

such recitation should be interpreted to mean at least the recited number (e.g., the bare

recitation of "two recitations," without other modifiers, means at least two recitations, or

two or more recitations). Furthermore, in those instances where a convention analogous

to "at least one of A, B, and C, etc." is used, in general such a construction is intended in

the sense one having skill in the art would understand the convention (e.g., " a system

having at least one of A, B, and C" would include but not be limited to systems that have

A alone, B alone, C alone, A and B together, A and C together, B and C together, and/or

A, B, and C together, etc.). In those instances where a convention analogous to "at least

one of A, B, or C, etc." is used, in general such a construction is intended in the sense one

having skill in the art would understand the convention (e.g., " a system having at least

one of A, B, or C" would include but not be limited to systems that have A alone, B



alone, C alone, A and B together, A and C together, B and C together, and/or A, B, and C

together, etc.). It will be further understood by those within the art that virtually any

disjunctive word and/or phrase presenting two or more alternative terms, whether in the

description, claims, or drawings, should be understood to contemplate the possibilities of

including one of the terms, either of the terms, or both terms. For example, the phrase "A

or B" will be understood to include the possibilities of "A" or "B" or "A and B."

[003] In addition, where features or aspects of the disclosure are described in terms of

Markush groups, those skilled in the art will recognize that the disclosure is also thereby

described in terms of any individual member or subgroup of members of the Markush

group.

[004] As will be understood by one skilled in the art, for any and all purposes, such as in

terms of providing a written description, all ranges disclosed herein also encompass any

and all possible subranges and combinations of subranges thereof. Any listed range can

be easily recognized as sufficiently describing and enabling the same range being broken

down into at least equal halves, thirds, quarters, fifths, tenths, etc. As a non-limiting

example, each range discussed herein can be readily broken down into a lower third,

middle third and upper third, etc. As will also be understood by one skilled in the art all

language such as "up to," "at least," and the like include the number recited and refer to

ranges which can be subsequently broken down into subranges as discussed above.

Finally, as will be understood by one skilled in the art, a range includes each individual

member. Thus, for example, a group having 1-3 cells refers to groups having 1, 2, or 3

cells. Similarly, a group having 1-5 cells refers to groups having 1, 2, 3, 4, or 5 cells, and

so forth.

[005] From the foregoing, it will be appreciated that various embodiments of the present

disclosure have been described herein for purposes of illustration, and that various

modifications may be made without departing from the scope and spirit of the present

disclosure. Accordingly, the various embodiments disclosed herein are not intended to be

limiting, with the true scope and spirit being indicated by the following claims. All

references recited herein are incorporated herein by specific reference in their entirety.



CLAIMS

1. A wall panel comprising:

a first wall sheet of a first material having a first expansion coefficient, the first

wall sheet having an outer surface and an opposite first interstitial surface with one or

more first conduits extending from one or more outer openings in the outer surface to one

or more first interstitial openings so as to fluidly couple the one or more first outer

openings with the one or more first interstitial openings; and

a second wall sheet of a material having a second expansion coefficient, the

second wall sheet having an inner surface and an opposite second interstitial surface with

one or more second conduits extending from one or more inner openings in the inner

surface to one or more second interstitial openings so as to fluidly couple the one or more

inner openings with the one or more second interstitial openings, the first interstitial

surface being associated with the second interstitial surface in one or more discrete

locations,

wherein the one or more first conduits are arranged with respect to the one or

more second conduits such that the one or more first conduits are not aligned with the one

or more second conduits at a first temperature and such that the one or more first conduits

are aligned with the one or more second conduits at a second temperature.

2 . The wall panel of claim 1, wherein the first expansion coefficient and the

second expansion coefficient are different, and wherein a wall sheet of a material having

a lower expansion coefficient is dimensioned larger than a corresponding wall sheet of a

material having a higher expansion coefficient at the first temperature.

3 . The wall panel of claim 1, wherein one or more of the first wall sheet and

the second wall sheet have a planar cross-sectional profile dimensioned as at least a

portion of the wall panel.

4 . The wall panel of claim 1, wherein the first wall sheet and second wall

sheet have the same planar cross-sectional profile.



5 . The wall panel of claim 1, wherein the first wall sheet and second wall

sheet have the same height and width.

6 . The wall panel of claim 1, wherein the first wall sheet and second wall

sheet have the same thickness.

7 . The wall panel of claim 1, wherein the first wall sheet and second wall

sheet have different planar cross-sectional profiles.

8. The wall panel of claim 1, wherein the first wall sheet and second wall

sheet have different height and/or width.

9 . The wall panel of claim 1, wherein the first wall sheet and second wall

sheet have different thickness.

10. The wall panel of claim 1, wherein the first material is metal and the

second material is polymeric, or vice versa.

11. The wall panel of claim 1, wherein the first material and the second

materials are metal.

12. The wall panel of claim 1, wherein the first material and the second

material are polymeric.

13. The wall panel of claim 1, wherein the first and second material is

ceramic.

14. The wall panel of claim 1, wherein the first and second material is a

natural material.

15. The wall panel of claim 1, wherein the first and second material is a

modified natural material.



16. The wall panel of claim 15, wherein the modified natural material includes

fiber board, plywood, or combinations thereof.

17. The wall panel of claim 1, wherein the first or second material with a

lower expansion coefficient is selected from glass, aluminum, brass, carbon steel, copper,

gold, iron, lead, nickel, silicon, silver, stainless steel, or steel, and the first or second

material with a higher expansion coefficient is selected from wood, rubber, polyethylene,

polyacetal, polyvinylchloride, or other polymeric material.

18. The wall panel of claim 1, wherein the first or second material with a

lower linear expansion coefficient ranges from about Ixl0 /°C to about 30xlO /°C at

20°C, and the other material has a higher linear expansion coefficient greater than or

about 30xlO /°C at 20°C.

19. The wall panel of claim 1, wherein first material has a higher expansion

coefficient compared to the second material.

20. The wall panel of claim 1, wherein the first material has a lower expansion

coefficient compared to the second material.

21. The wall panel of claim 1, wherein the first and/or second material has a

linear expansion coefficient.

22. The wall panel of claim 1, wherein the first or second material has an

expansion coefficient of greater than or about Ixl0 4/°C in magnitude and the other

material has an expansion coefficient of less than or about lxl0 5/°C in magnitude.

23. The wall panel of claim 1, wherein the first or second material with a

lower volumetric expansion coefficient ranges from about Ixl0 /°C to about 90xlO /°C

at 20°C, and the other material has a higher linear expansion coefficient greater than or

about 100xlO /°C at 20°C.

24. The wall panel of claim 1, wherein the wall is flat.



25. The wall panel of claim 1, wherein the wall is curved.

26. The wall panel of claim 1, wherein one or more of the first slit conduits

correspond with one or more second slit conduits.

27. The wall panel of claim 26, wherein one or more first conduits and

corresponding one or more second conduits have similar cross-sectional profiles.

28. The wall panel of claim 26, wherein one or more first conduits and

corresponding one or more second conduits have different cross-sectional profiles.

29. The wall panel of claim 1, wherein one or more first conduits and one or

more second conduits have a slit cross-sectional profile.

30. The wall panel of claim 1, wherein one or more first conduits and one or

more second conduits have a flat slit cross-sectional profile.

31. The wall panel of claim 1, wherein one or more first conduits and one or

more second conduits have a curved slit cross-sectional profile.

32. The wall panel of claim 1, wherein one or more first conduits and one or

more second conduits have a circular slit cross-sectional profile.

33. The wall panel of claim 1, wherein one or more first conduits and one or

more second conduits have a squared slit cross-sectional profile.

34. The wall panel of claim 1, wherein one or more first conduits and one or

more second conduits have a predetermined cross-sectional profile determined from the

first and/or second material expansion coefficients.

35. The wall panel of claim 1, wherein one or more first conduits and

second conduits have a rounded cross-sectional profile.



36. The wall panel of claim 1, wherein one or more first conduits and one or

more second conduits have a squared cross-sectional profile.

37. The wall panel of claim 1, wherein one or more first conduits and one or

more second conduits have a polygonal cross-sectional profile.

38. The wall panel of claim 1, wherein one or more first conduits and one or

more second conduits are randomly distributed across the first wall sheet and second wall

sheet.

39. The wall panel of claim 1, wherein one or more first conduits and one or

more second conduits are evenly distributed across the first wall sheet and second wall

sheet.

40. The wall panel of claim 1, wherein one or more first conduits and one or

more second conduits are symmetrically distributed across the first wall sheet and second

wall sheet with respect to a center point of the first wall sheet and second wall sheet.

41. The wall panel of claim 1, wherein one or more first conduits and one or

more second conduits are configured as two or more concentric arcs with respect to a

center point of the first wall sheet and second wall sheet.

42. The wall panel of claim 1, wherein one or more first conduits and one or

more second conduits are located at increasing intervals from a center point of the first

wall sheet and second wall sheet.

43. The wall panel of claim 1, wherein one or more first conduits and one or

more second conduits are located at decreasing intervals from a center point of the first

wall sheet and second wall sheet.



44. The wall panel of claim 1, wherein one or more first conduits and one

second conduits have a center axis orthogonal with a plane of the first wall sheet and

second wall sheet.

45. The wall panel of claim 1, wherein the first wall sheet and second wall

sheet are coupled by being affixed.

46. The wall panel of claim 45, wherein the affixation is via an adhesive.

47. The wall panel of claim 45, wherein the affixation is via a mechanical

fastener.

48. The wall panel of claim 45, wherein the affixation is via a frame.

49. The wall panel of claim 1, wherein the first wall sheet and second wall

sheet are coupled by contact.

50. The wall panel of claim 1, wherein the first wall sheet and second wall

sheet are coupled at a common center point of both the first wall sheet and second wall

sheet.

51. The wall panel of claim 1, wherein the first wall sheet and second wall

sheet are coupled at one or more corresponding corners of both the first wall sheet and

second wall sheet.

52. The wall panel of claim 1, wherein the first wall sheet and second wall

sheet are coupled at one or more perimeter edges.

53. The wall panel of claim 1, wherein the one or more discrete locations are

at a common center point of the first wall sheet and second wall sheet.

54. The wall panel of claim 1, wherein a common center point of the first wall

sheet and second wall sheet is devoid of a conduit.



55. The wall panel of claim 1, wherein under the first temperature the outer

surface and inner surface are not fluidly coupled.

56. The wall panel of claim 1, wherein under the second temperature the outer

surface and inner surface are fluidly coupled.

57. The wall panel of claim 1, wherein airflow from the outer surface to the

inner surface increases as the temperature changes from the first temperature to the

second temperature.

58. The wall panel of claim 1, wherein the airflow through the one or more

first conduits and one or more second conduits increases as the temperature changes from

the first temperature to the second temperature.

59. The wall panel of claim 1, wherein the first temperature is higher than the

second temperature.

60. The wall panel of claim 1, wherein the first temperature is lower than the

second temperature.

61. The wall panel of claim 1, further comprising a frame having the first wall

sheet and second wall sheet.

62. The wall panel of claim 61, wherein a compressible/expandable buffer

element is located between the frame and the wall panel formed from the first wall sheet

and second wall sheet at one or more sides.

63. The wall panel of claim 1, wherein the wall panel is included in a structure

configured to house an antenna.



64. The wall panel of claim 1, the wall panel is included in a structure further

comprising a mechanical air conditioning system configured to selectively heat or cool

the wall.

65. The wall panel of claim 1, further comprising a third wall sheet located

adjacent to the first or second wall sheet.

66. The wall panel of claim 65, wherein the third wall sheet has a third

expansion coefficient that is different from at least one of the first expansion coefficient

or second expansion coefficient.

67. The wall panel of claim 65, wherein the third wall sheet has one or more

third conduits.

68. The wall panel of claim 67, wherein the one or more third conduits are

arranged with respect to the one or more first or second conduits such that the one or

more first or second conduits are not aligned with the one or more third conduits at a first

temperature and such that the one or more first or second conduits are aligned with the

one or more third conduits at a second temperature.

69. The wall panel of claim 1, further comprising a plurality of wall sheets

having one or more expansion coefficients, each of the plurality of walls having one or

more conduits arranged with respect to the one or more first or second conduits such that

the one or more first or second conduits are not aligned with the one or more conduits of

the plurality at a first temperature and such that the one or more first or second conduits

are aligned with the one or more conduits of the plurality at a second temperature.

70. A structure having the wall panel of claim 1.

7 1. An antenna housing having the wall panel of claim 1.

72. A building having the wall panel of claim 1.



73. A house having the wall panel of claim 1.

74. A wall panel comprising:

a first wall sheet of a first material having a first linear expansion coefficient with

one or more first conduits; and

a second wall sheet of a material having a second linear expansion coefficient

with one or more second conduits, the first wall sheet being associated with the second

wall sheet in one or more discrete locations,

wherein the one or more first conduits are arranged with respect to the one or

more second conduits such that the one or more first conduits are not aligned with the one

or more second conduits at a first temperature and such that the one or more first conduits

are aligned with the one or more second conduits at a second temperature.

75. A kit comprising:

a first wall sheet of a first material having a first expansion coefficient with one or

more first conduits; and

a second wall sheet of a material having a second expansion coefficient with one

or more second conduits,

wherein the first wall sheet and second wall sheet are cooperatively configured

such that one or more first conduits are arranged with respect to the one or more second

conduits upon coupling the first wall conduit to the second wall conduit such that the one

or more first conduits are not aligned with the one or more second conduits at a first

temperature and such that the one or more first conduits are aligned with the one or more

second conduits at a second temperature.

76. The kit of claim 75, further comprising an adhesive.

77. The kit of claim 75, further comprising one or more fasteners.

78. The kit of claim 75, further comprising a frame adapted to frame the first

wall sheet and the second wall sheet.

79. A method of preparing a wall panel, the method comprising:



providing a first wall sheet of a first material having a first expansion coefficient

with one or more first conduits;

providing a second wall sheet of a material having a second expansion coefficient

with one or more second conduits; and

associating the first wall sheet to the second wall sheet in one or more discrete

locations such that the one or more first conduits are arranged with respect to the one or

more second conduits such that the one or more first conduits are not aligned with the one

or more second conduits at a first temperature and such that the one or more first conduits

are aligned with the one or more second conduits at a second temperature.

80. The method of claim 79, further comprising framing the first and second

wall sheets with a frame.

81. The method of claim 79, wherein the first wall sheet and second wall sheet

are coupled with an adhesive.

82. The method of claim 79, wherein the first wall sheet and second wall sheet

are coupled with a mechanical fastener.

83. The method of claim 79, wherein the first wall sheet and second wall sheet

are coupled with a frame that frames the first and second wall sheets.

84. The method of claim 79, further comprising designing the first wall sheet

and second wall sheet to having corresponding first conduits and second conduits.

85. The method of claim 84, wherein the designing includes considering the

first expansion coefficient and second expansion coefficient.

86. The method of claim 80, wherein the designing includes considering

dimensions of the first and second conduits.

87. The method of claim 81, wherein the designing includes considering

arrangement of the first and second conduits.



88. The method of claim 81, wherein the designing includes considering

temperature fluctuations.

89. The method of claim 88, wherein the temperature fluctuations are daily.

90. The method of claim 88, wherein the temperature fluctuations are

seasonal.

9 1. The method of claim 88, wherein the temperature fluctuations are from

one or more operational electronic device.

92. The method of claim 91, wherein the one or more electronic devices are

network electronic devices.

93. The method of claim 91, wherein the one or more electronic devices are

data storage facility devices.

94. The method of claim 79, further comprising forming the first conduits in

the first wall sheet and forming the second conduits in the second wall sheet.

95. The method of claim 94, wherein the forming includes:

aligning the first wall sheet and second wall sheet at the second temperature; and

forming the first conduits and second conduits while the first wall sheet and

second wall sheet are aligned at the second temperature.

96. A computing method for designing a wall panel, the method comprising:

inputting into a computing system parameters for a first wall sheet of a first

material having a first expansion coefficient with one or more first conduits;

inputting into a computing system parameters for a second wall sheet of a material

having a second expansion coefficient with one or more second conduits; and

determining, with the computing system, a configuration of a wall panel having

the first wall sheet and the second wall sheet such that the one or more first conduits are



arranged with respect to the one or more second conduits such that the one or more first

conduits are not aligned with the one or more second conduits at a first temperature and

such that the one or more first conduits are aligned with the one or more second conduits

at a second temperature.

97. The method of claim 96, further comprising designing, with the computing

system, the first wall sheet and second wall sheet to having corresponding first conduits

and second conduits.

98. The method of claim 97, wherein the designing includes considering the

first expansion coefficient and second expansion coefficient.

99. The method of claim 97, wherein the designing includes considering

dimensions of the first and second conduits.

100. The method of claim 97, wherein the designing includes considering

arrangement of the first and second conduits.

101 . The method of claim 97, wherein the designing includes considering

temperature fluctuations.

102. The method of claim 101 , wherein the temperature fluctuations are daily.

103. The method of claim 101 , wherein the temperature fluctuations are

seasonal.

104. The method of claim 101 , wherein the temperature fluctuations are from

one or more predetermined operational electronic device.

105. The method of claim 104, wherein the one or more electronic devices are

network electronic devices.



106. The method of claim 104, wherein the one or more electronic devices are

data storage facility devices.

107. A method for manufacturing a pair of thermally responsive wall panels,

the method comprising:

determining a first wall panel having a first expansion coefficient with one or

more first conduits;

determining a second wall panel having a second expansion coefficient with one

or more second conduits; and

preparing the first wall sheet and the second wall sheet such that the one or more

first conduits are arranged with respect to the one or more second conduits such that the

one or more first conduits are not aligned with the one or more second conduits at a first

temperature and such that the one or more first conduits are aligned with the one or more

second conduits at a second temperature.
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