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DESCRIPTION 

INDOOR ENVIRONMENT REGULATING SYSTEM 

5 Technical Field 

[0001] 

The present invention relates to an indoor 

environment regulating system that utilizes the far­

infrared ray emitting and absorbing properties of stone, 

10 inorganic material particles or the like to regulate an 

indoor space to a comfortable environment. 

15 

Background Art 

[0002] 

The primary methods for regulating indoor 

temperature employ "convection current systems" that 

create convection of heated or cooled air in indoor 

spaces. There are also known systems that heat floor 

faces or that warm from below the feet, such as floor 

20 heating systems, and heating systems that utilize 

radiation, such as ceramic heaters. In addition, there 

have been proposed mechanisms whereby wall faces or 

ceilings are cooled by air that has been cooled with 

artificial cooling devices, to obtain a secondary cooling 

25 effect in indoor spaces (see Patent literature 1, for 

example) . 

[0003] 

In Patent literature 2 there is described a 

construction that employs floor heating by radiation of 

30 far-infrared rays, as a technology for providin~ warmth 

to humans indoors by thermal radiation of far-infrared 

rays. 

[0004] 

Patent literature 3 discloses a radiation air 

35 conditioner that accomplishes cooling using cold 

radiation and heating using thermal radiation. 
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The convection current systems described above have 

suffered from the problem of large energy loss, due to 

the large difference in indoor temperature distribution 

in the vertical direction. Increased energy loss also 

15 results from the 2-stage heat exchange involving heating 

or cooling of air and then heating or cooling of the 

human body from the air. In convection current systems, 

the direct contact of an airflow on the skin causes 

unpleasantness and adverse effects on health. Heating 

20 devices employing floor heating systems or ceramic 

heaters elimina te the problem of airflow, but their 

energy utilization efficiency is not very high. In 

addition, heating devices employing floor heating systems 

or ceramic heaters have no artificial cooling function, 

25 and therefore artificia l cooling must be accomplished 

with convection-type artificial cooling devices. 

[0007] 

Problems of airflow are avoided by methods in which 

air is cooled and contacted with a wall face to cool the 

30 wall face, and then radiant heat is absorbed from the 

cooled wall face, as described in Patent literature 1, 

but the efficiency of such methods is extremely low and 

the energy utilization efficiency is also low. 

35 

[0008] 

Similarly, the ~onstruction employing floor heating 

which radiates far-infrared rays, described in Patent 

literature 2, and the radiation air conditioner employing 
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cold radiation and thermal radiation, described in Patent 

literature 3, are not comparable to convection current 

systems in terms of efficiency, and they have not been 

practical. 

5 (0009] 

It is an object of the present invention to solve 

these problems of the prior art and to provide an indoor 

environment regulating system that has good energy 

efficiency and a low difference in temperature 

10 distribution in the vertical direction of indoor space, 

and that does not have the problems associated with 

contact of an airflow with the skin. 

15 

Solution to the Problems 

(0010] 

The indoor environment regulating system of the 

invention may be surrunarized as follows, including the 

preferred embodiments thereof. 

[1] An indoor environment regulating system, wherein 

20 the system is provided with 

25 

an indoor surface structural member constructed of a 

material comprising a far-infrared emitting substance 

that emits and absorbs far-infrared rays and has a far­

infrared emissivity of 0.6 or greater, and 

a cooling and/or heating source having a cooling 

and/or heating surface constructed of a material 

comprising the same far-infrared emitting substance as 

the far-infrared emitting substance of the indoor surface 

structural member, 

30 and wherein when the cooling surface of the cooling 

source is cooled, the far-infrared emitting substance of 

the cooling surface absorbs the far-infrared rays emitted 

by the far-infrared emitting substance of the indoor 

surface structural member, and/or 

35 when the heating surface of the heating source is 

heated, the far-infrared rays emitted by the far-infrared 

emitting substance of the heating surface are absorbed by 
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the far-infrared emitting substance of the indoor surface 

structural member. 

[2] An indoor environment regulating system 

according to [l] above, wherein the indoor surface 

5 structural member is constructed of stone comprising the 

far-infrared emitting substance, or is constructed of a 

material including the far-infrared emitting substance, 

or has a film comprising the far-infrared emitting 

substance, and the cooling and/or heating surface of the 

10 cooling and/or heating source is constructed of stone 

comprising the far-infrared emitting substance, or is 

constructed of a material including the far-infrared 

emitting substance, or is constructed of a film 

comprising the far-infrared emitting substance. 

15 [3] An indoor environment regulating system 

according to [l] or [2] above, wherein the indoor surface 

structural member and the cooling and/or heating source 

are present in the same room. 

[4] An indoor environment regulating system 

20 according to [l] or [2] above wherein, with a first room 

and a second room that are either adjacent or connected, 

the cooling and/or heating source is located in the first 

room while the indoor surf ace structural member is 

located in either or both the first room and second room. 

25 [5] An indoor environment regulating system 

according to any one of [l] to [4] above, wherein the 

indoor surface structural member constitutes at least 

part of the wall face, ceiling face or floor face of an 

indoor space whose environment is to be regulated. 

30 [6] An indoor environment regulating system 

according to any one of [l] to [5] above, wherein the 

indoor surface structural member contains the far­

infrared emitting substance at 1 wt% or greater. 

[7] An indoor environment regulating system 

35 according to [6] above, wherein the indoor surface 

structural member contains the far-infrared emitting 

substance at 3 wt% or greater. 
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[8] An indoor environment regulating system 

according to any one of [1] to [7] above, wherein the 

cooling and/or heating surface of the cooling and/or 

heating source is constructed with a covering layer that 

5 contains the far-infrared emitting substance at 1 wt% or 

greater. 

[9] An indoor environment regulating system 

according to [ 8 J above, wherein the covering layer 

contains the far-infrared emitting substance at 3 wt% or 

10 

15 

greater. 

[10] An indoor environment regulating system 

according to [ 8 J above, wherein the covering layer 

contains the far-infrared emitting substance at 20 wt% 

greater. 

[ 11 J An indoor environment regulating system 

according to any one of [ 8 J to [10] above, wherein the 

cooling and/or heating source is a device that cools 

and/or heats the cooling and/or heating surface by 

circulating a medium through an internally formed fluid 

20 channel. 

or 

[12] An indoor environment regulating system 

according to any one of [8] to [11] above, wherein the 

covering layer is formed on the surfaces of heat exchange 

fins made of a metal material. 

25 [13] An indoor environment regulating system 

according to any one of [1] to [12] above, wherein the 

cooling surface carries out dehumidification by 

condensation. 

[14] An indoor environment regulating system 

30 according to [13] above, which further comprises means 

for collecting water that has condensed on the cooling 

surface. 

[15] An indoor environment regulating system 

according to any one of [1] to [SJ above, wherein the 

35 indoor surface structural member and/or cooling and/or 

heating source is a stone floor panel. 

[16] An indoor environment regulating system 
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according to any one of [l] to [SJ above, wherein the 

heating source is an electric carpet comprising the far­

infrared emitting substance. 

[17] An indoor environment regulating system 

S according to any one of [l] to [16] above, wherein the 

far-infrared emissivity of the far-infrared emitting 

substance is 0.8 or greater. 

[18] An indoor environment regulating system 

according to [17] above, wherein the far-infrared 

10 emissivity of the far-infrared emitting substance is 0.9 

or greater. 

[19] An indoor environment regulating system 

according to any one of [l] to [18] above, wherein the 

indoor surface structural member comprising the far-

15 infrared emitting substance has a total surface area of 

at least 25% of the inner area of the room in which the 

indoor surface structural member is located. 

[20] An indoor environment regulating system 

according to [4] above, wherein if means for partitioning 

20 the first room and second room are present, the 

partitioning means comprises the far-infrared emitting 

substance. 

25 

[21] An indoor environment regulating system 

according to [20] above, wherein the partitioning means 

is opening and closing means. 

[22] An indoor environment regulating system 

according to any one of [ 1 J to [ 21] above, wherein at 

least one of the articles in the indoor space comprises 

the far-infrared emitting substance. 

30 [23] An indoor environment .regulating system 

according to [22] above, wherein the article is an 

article of furniture, bedding, clothing, indoor 

appliance, interior furnishing or storage door. 

[24] An indoor environment regulating system 

35 according to [23] above, wherein the article is a chair, 

sofa, table, desk, bed, futon, blanket, bed wear, pillow, 

cushion, mat, partition, curtain, table cloth or bed 

( 

) 
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cover. 

[25] An indoor environment regulating system 

according to any one of [1] to [24] above, which is used 

to regulate the environment in a c l osed space where 

5 humans are active or living, a closed space in which 

articles are stored or exhibited, a closed space for 

breeding of animals or a closed space for transport 

vehicles. 

(26 ] An environment regulating system according to 

10 (25] above , wherein the closed space in which humans are 

active or living is a closed space in a separate or 

multiple dwelling house, an office, an educational 

facility, a sports facility, a library or a shop. 

[27] An environment regulating system according to 

15 [25] above, wherein the closed space in which articles 

are stored or exhibited is a closed space in a warehouse, 

a showcase or an exhibition case. 

[28] An environment regulating system according to 

[25] above, wherein the transport vehicle is an 

20 automobile, railway vehicle, ship or aircraft. 

Advantageous Effects of the Invention 

[0011] 

According to the invention there is provided an 

25 indoor environment regulating system that has good energy 

efficiency and a low difference in temperature 

distribution in the vertical direction of indoor space, 

and that does not have the problems associated with 

contact of an airflow with the skin. 

30 

35 

[0012] 

According to the invention there is also provided 

technology for regulating living environments utilizing 

thermal radiation from fabrics comprising clothing and 

the like. 

Brief Description of the Drawings 

(0013] 
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Fig. lA is a graph showing the emissivity property 

with respect to wavelength, for a Zr02 +Ca0 film. 

Fig. lB is a graph showing the emissivity property 

with respect to wavelength, for an Al 20 3+Ti02 film. 

Fig. 2 is an illustration of an embodiment of an 

indoor environment regulating system according to the 

invention. 

Fig. 3 is an illustration of the floor structure for 

the embodiment shown in Fig. 2. 

Fig. 4A is an illustration of the 

cooling/dehumidifying device of the embodiment shown in 

Fig. 2. 

Fig. 4B is an illustration of the fin structure in 

the cooling/dehumidifying device of Fig. 4A. 

Fig. 5 is an illustration of the wall structure for 

the embodiment shown in Fig. 2. 

Fig. 6 is an illustration of the ceiling structure 

for the embodiment shown in Fig. 2. 

Fig. 7A is an illustration of the principle by which 

20 a heating effect is obtained with the embodiment shown in 

Fig. 2. 

25 

Fig. 7B is an illustration of the principle by which 

a heating effect is obtained with the embodiment shown in 

Fig. 2. 

Fig. BA is an illustration of the principle by which 

a cooling effect is obtained with the embodiment shown in 

Fig. 2. 

Fig. BB is an illustration of the principle by which 

a cooling effect is obtained with the embodiment shown in 

30 Fig. 2. 

Fig. 9 is an illustration showing an environment in 

which measurement was carried out to demonstrate the 

effect of the invention. 

Fig. 10 is a graph showing the results of the 

35 measurement. 

Fig. 11 is a graph showing data for the cooling 

effect obtained by absorption of far-infrared rays into 
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the indoor surface structural member of a room. 

Fig. 12 is an illustration of another embodiment of 

an indoor environment regulating system according to the 

invention. 

Fig. 13A is a top view of a cold/heat radiation 

device. 

Fig. 138 is a front view of a cold/heat radiation 

device. 

Fig. 14 is an illustration of the fin structure in a 

10 cold/heat radiation device. 

15 

Fig. 15A is an illustration of the floor structure 

for the embodiment shown in Fig. 12. 

Fig. 158 is an illustration of the wall structure 

for the embodiment shown in Fig. 12. 

Fig. 15C is an illustration of the ceiling structure 

for the embodiment shown in Fig. 12. 

Fig. 150 is an illustration of a storage sliding 

door structure for the embodiment shown in Fig. 12. 

Fig. 15E is an illustration of a storage swinging 

20 door structure for the embodiment shown in Fig. 12. 

Fig. 15F is an illustration of a partitioning 

sliding door structure to be used for the embodiment 

shown in Fig. 12. 

Fig. 15G is an illustration of a roll curtain 

25 structure to be used for the embodiment shown in Fig. 12. 

Fig. 15H is an illustration of a wallpaper-covered 

wall to be used for the embodiment shown in Fig. 12. 

Fig. 16A is an illustration of the principle by 

which a cooling effect is obtained with the embodiment 

30 shown in Fig. 12. 

Fig. 168 is an illustration of the principle by 

which a cooling effect is obtained with the embodiment 

shown in Fig. 12. 

Fig. 17A is an illustration of the cooling action of 

35 the embodiment shown in Fig. 12. 

Fig. 178 is an illustration of the cooling action of 

the embodiment shown in Fig. 12. 
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Fig. 18 is an illustration of the principle by which 

the cooling effect reaches areas not in view of the 

cold/heat radiation device of the embodiment of Fig. 12. 

Fig. 19 is a graph showing the relationship between 

5 the fin temperature of the cold/heat radiation device and 

the heat radiation quantity at 5 wall sections, for the 

embodiment of Fig. 12. 

Fig. 20 is an illustration of an embodiment that 

utilizes the present invention to regulate a living 

10 environment. 

15 

Fig. 21A is an illustration of the cooling effect of 

the embodiment shown in Fig. 20. 

Fig. 218 is an illustration of the cooling effect of 

the embodiment shown in Fig. 20. 

Fig. 22A is an illustration of the heating effect of 

the embodiment shown in Fig. 20. 

Fig. 228 is an illustration of the heating effect of 

the embodiment shown in Fig. 20. 

20 Description of Embodiments 

[0014) 

The indoor environment regulating system of the 

invention is provided with 

an indoor surface structural member constructed of a 

25 material comprising a far-infrared emitting substance 

that emits and absorbs far-infrared rays and has a far­

infrared emissivity of 0.6 or greater, and 

a cooling and/or heating source having a cooling 

and/or heating surface constructed of a material 

30 comprising the same far-infrared emitting substance as 

the far-infrared emitting substance of the indoor surface 

structural member, 

and wherein when the cooling surf ace of the cooling 

source is cooled, the far-infrared emitting substance of 

35 the cooling surface absorbs the far-infrared rays emitted 

by the far-infrared emitting substance of the indoor 

surface structural member, and/or 
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when the heating surface of the heating source is 

heated, the far-infrared rays emitted by the far-infrared 

emitting substance of the heating surface are absorbed by 

the far-infrared emitting substance of the indoor surface 

5 structural member. 

[0015) 

The indoor surface structural member is constructed 

of stone comprising a far-infrared emitting substance 

(described in detail below), or it is constructed of a 

10 material including a far-infrared emitting substance, or 

it has a film comprising a far-infrared emitting 

substance. The cooling and/or heating surface of the 

cooling and/or heating source is constructed of stone 

comprising a far-infrared emitting substance, or it is 

15 constructed of a material including a far-infrared 

emitting substance, or it is constructed of a film 

comprising a far-infrared emitting substance. 

[0016] 

According to the invention, "indoor surface 

20 structural member" refers to a member forming part of a 

surface exposed in a closed space where the environment 

is to be regulated. The closed space may comprise 

opening and closing means, such as a door or window, that 

allows communication between the inside and outside. The 

25 typical closed space is a building room or hallway in 

which humans live or are active, and there may also be 

mentioned spaces in which articles are stored or 

exhibited (for example, warehouse rooms, product 

showcases or art exhibition cases), rooms for breeding of 

30 animals including farm animals, and rooms that house 

vehicles for transport of persons or cargo (automobiles, 

railway vehicles, ships, aircraft and the like). For a 

home in which humans dwell, typical examples of indoor 

surface structural members are members forming wall 

35 faces, ceiling faces and floor faces (building 

materials). Opening and closing fixtures (swinging 

doors, paper screens, sliding doors and the like) which 
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are mounted on wall sections and serve to partition the 

interior and exterior of rooms, are also included in the 

concept of indoor surface structural members. Indoor 

surface structural members also include swinging doors 

5 and sliding doors for storage, that are installed as 

additions to rooms. When a storage compartment added to 

a room whose environment is to be regulated has a 

structure which is not completely partitioned from the 

room by its swinging or sliding door, the members of the 

1 0 surfaces of the storage compartment exposed to the room 

are also included as indoor surface structural members. 

[0017] 

One or more of the indoor surface structural members 

are constructed of a far-infrared emitting substance that 

15 emits or absorbs far-infrared rays necessary for 

regulating the indoor environment according to the 

invention, or are constructed of a material including the 

far-infrared emitting substance, or have films comprising 

the far-infrared emitting substance. In order to 

20 efficiently emit and absorb far-infrared rays, the far­

infrared emitting substance included in the indoor 

surface structural member is preferably exposed to the 

indoor space. However, instead of being directly exposed 

to the indoor space, the far-infrared emitting substance 

25 in the indoor surface structural member may be covered by 

a protective layer (for example, a coated film, varnish 

layer, wallpaper or the like having a thickness of no 

greater than about 1 rrun) that does not significantly 

interfere with emission and absorption of the far-

30 infrared rays of the far-infrared emitting substance. 

[0018] 

The "far-infrared emitting substance" is a substance 

that emits or absorbs far-infrared rays, and a far­

infrared emitting substance used for the invention is a 

35 far-infrared emitting substance with a far-infrared 

emissivity of 0.6 or greater and preferably 0.8 or 

greater. 
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Such a far-infrared emitting substance will usually 

be an inorganic material, and this includes natural and 

artificial minerals, metals and metalloid oxides, 

nitrides, carbides, sulfides and hydroxides, salts such 

5 as carbonates, and their compound forms (double salts), 

charcoal, as well as natural materials such as seashells. 

Most far-infrared emitting substances for the invention 

are ceramic materials in the wide sense (inorganic 

materials other than metals), but organic materials or 

10 organic material-derived substances may also be used if 

they satisfy the aforementioned conditions for 

emissivity. 

According to the invention, the form of the far­

infrared emitting substance in the member comprising the 

15 far-infrared emitting substance is not restricted in any 

particular way so long as the member comprising the far~ 

infrared emitting substance can emit/absorb far-infrared 

rays, and typical examples include solids (stone) 

comprising far-infrared emitting substances, members 

20 comprising far-infrared emitting substance particles, 

powder or aggregates (these will also be collectively 

referred to as ''particles"), and members having far­

infrared emitting substance films. 

[0019] 

25 According to the invention, "stone comprising a far-

infrared emitting substance" is a solid material composed 

of natural or artificial inorganic material, and it is 

usually used as a panel- or tile-shaped building 

material. As examples of natural stone there may be 

30 mentioned granite, basalt and the like. Artificially 

produced stone may of course be used as well. Building 

materials such as artificial panels and other solid 

members may also be considered stone. 

[0020] 

35 According to the invention, a "material including a 

far-infrared emitting substance" is a material containing 

a far-infrared emitting substance as part of the 
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constituent components. The far-infrared emitting 

substance in this case is typically included as natural 

or artificial inorganic material particles in a 

production material for an indoor surface structural 

5 member and/or a production material for the cooling 

and/or heating surface of a cooling source and/or heating 

source. 

[0021] 

A "film comprising a far-infrared emitting 

10 substance" according to the invention is a far-infrared 

emitting substance film formed on the surface of an 

indoor surface structural member or cooling and/or 

heating source. The film can be formed by coating the 

far-infrared emitting substance on the desired surface by 

15 an appropriate film-forming technique, for example a PVD 

technique such as spraying or vapor deposition, or a CVD 

technique. 

[0022] 

According to the invention, the far-infrared 

20 emitting substance of the indoor surface structural 

member and the far-infrared emitting substance of the 

cooling and/or heating surface of a cooling and/or 

heating source are the same. As will be explained in 

more detail below, the indoor environment regulating 

25 system of the invention utilizes a phenomenon in which 

heat transfer occurs by thermal radiation between 

identical molecules at higher efficiency than between 

non-identical molecules, and regulation of an indoor 

environment is accomplished by the high-efficiency heat 

30 transfer by thermal radiation between the indoor surface 

structural member and the cooling and/or heating surface 

of the cooling and/or heating source. In order for the 

system of the invention to exhibit the desired function, 

therefore, it is necessary for a substance with identical 

35 molecular species to be present in the indoor surface 

structural member and the coo l ing and/or heating surface 

of a cooling and/or heating source, between which heat 
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transfer occurs by thermal radiation. According to the 

invention, the far-infrared emitting substance of the 

indoor surface structural member and the far-infrared 

emitting substance of the cooling and/or heating source, 

5 which are composed of identical molecular species, are 

referred to as identical substance. The term "identical 

molecular species" means that one substance that exhibits 

a property of emitting/absorbing far-infrared rays and 

has a far-infrared emissivity of 0.6 or greater and 

10 preferably 0.8 or greater (for example, the far-infrared 

emitting substance used in an indoor surface structural 

member) and another substance that exhibits a property of 

emitting/absorbing far-infrared rays and has a far­

infrared emissivity of 0.6 or greater and preferably 0.8 

15 or greater (the far-infrared emitting substance used in 

the cooling and/or heating surface of a cooling and/or 

heating source) are identical on the molecular level. 

The term "molecule" means a group of atoms bonded by 

chemical bonding. Thus, the term "molecule" as used here 

20 includes crystals of minerals composing natural stone, 

for example. Identical minerals having similar elements 

replaced or made into a solid solution are considered to 

be substances of identical molecular species. Natural 

minerals are generally composed of numerous compounds, 

25 and differences in the crystal structures of such 

compounds will often be found on the macroscopic level, 

depending on their location in the mineral. Even in such 

cases, however, a mineral carved out from the same place 

of origin will be an aggregate with essentially the same 

30 composition as the substance of essentially the same 

molecular species, and therefore the whole may likewise 

be considered a "substance of identical molecular 

species". 

35 

[0023] 

When inorganic material particles are used as the 

"far-infrared emitting substance" in an indoor surface 

structural member or the cooling and/or heating surface 
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of a cooling and/or heating source, substances other than 

the inorganic material particle will usually be copresent 

as "far-infrared emitting substances". For example, when 

the indoor surface structural member is formed of plaster 

5 containing inorganic material particles as the far­

infrared emitting substance, or when the cooling and/or 

heating surface of a cooling and/or heating source is 

coated with a coating material comprising inorganic 

material particles as the far-infrared emitting 

10 substance, the inorganic material particles as the "far­

infrared emitting substance" are copresent with 

aggregates in the plaster or binder components in the 

coating material. In such cases, the substances other 

than inorganic material particles also have properties of 

15 emitting/absorbing some degree of far-infrared rays, as 

"far-infrared emitting substances". According to the 

invention, however, the phenomenon whereby heat transfer 

by thermal radiation between identical molecular species 

is carried out at notably higher efficiency than between 

20 non-identical molecular species is utilized, so that the 

role performed by substances that are not common to both 

the indoor surface structural member and the cooling 

and/or heating surface of a cooling and/or heating source 

is extremely minimal or negligible according to the 

25 invention. Consequently, references to the "far-infrared 

emitting substance" in the explanation of the invention 

provided below are to identical substances with far­

infrared ray emissivity of 0.6 or greater and preferably 

0.8 or greater that are cormnon to both the indoor surface 

30 structural member and the cooling and/or heating surface 

of a cooling and/or heating source (substances that 

produce a resonance phenomenon of molecular vibration 

between identical molecules via electromagnetic waves, 

which is explained below). However, this does not apply 

35 when it is clear that the reference to substances that 

emit or absorb far-infrared rays indicates substances 

other than the aforementioned "far-infrared emitting 
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substances", or when it is obvious from the context that 

it refers to other substances. 

[0024] 

When inorganic material particles are used as the 

5 far-infrared emitting substance of an indoor surface 

structural member and the cooling and/or heating surface 

of a cooling and/or heating source, the particle sizes 

and shapes of both may be the same or different. The 

contents of the inorganic material particles in both the 

10 indoor surface structural member and the cooling and/or 

heating surface of a cooling and/or heating source do not 

need to be equal. Also, when the indoor surface 

structural member forms a wall face and a ceiling face, 

for example, and inorganic material particles are 

15 employed as the far-infrared emitting substance, the 

particle sizes and shapes of the particles of the far­

infrared emitting substance on the wall face and ceiling 

face may be the same or different. In such cases the 

inorganic material particles are added to the indoor 

20 surface structural member (a building material forming 

the wall face and ceiling face in this example) to a 

content that allows the desired heat transfer by thermal 

radiation between identical molecular species according 

to the invention. The contents of the inorganic material 

25 particles in the building material forming the wall faces 

and the building material forming the ceiling faces may 

be the same or different. The same also applies to 

inorganic material particles of far-infrared emitting 

substances in two or more wall faces. 

30 [0025] 

Different types of far-infrared emitting substances 

may be used in the indoor surface structural member and 

in the cooling and/or heating surface of a cooling and/or 

heating source. When the far-infrared emitting substance 

35 is stone, two or more different stone materials may also 

be used in combination for the indoor surf ace structural 

member or the cooling and/or heating surface of a cooling 
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and/or heating source. When the far-infrared emitting 

substance consists of inorganic material particles, a 

mixture of two or more different types of inorganic 

material particles may be used. In either case, so long 

5 as the combination of inorganic material particles in the 

indoor surf ace structural member and inorganic material 

particles in the cooling and/or heating surface of a 

cooling and/or heating source are the same (the same 

combinations are included), they are considered to be 

10 "identical substances". 

[0026] 

The inorganic material particles as the far-infrared 

emitting substance included in the indoor surface 

structural member and the cooling and/or heating surface 

15 of the cooling and/or heating source are present therein 

in amounts that allow the desired heat transfer to take 

place by thermal radiation between the identical 

molecular species. Indoor surface structural members and 

cooling and/or heating surfaces of cooling and/or heating 

20 sources are usually fabricated away from the building 

site by different suppliers, and are transported to the 

building site or worked at the building site. Therefore, 

the inorganic material particles as the common far­

infrared emitting substance in the indoor surface 

25 structural member and the cooling and/or heating surface 

will usually be added by the manufacturing supplier or 

construction company. In such cases, the content of the 

inorganic material particles as the far-infrared emitting 

substance is the amount of inorganic material particles 

30 included in the manufacturing materials for the indoor 

surface structural member and the cooling and/or heating 

surface of a cooling and/or heating source by each 

company. The inorganic material particle content in the 

materials used to form the indoor surface structural 

35 member and the cooling and/or heating surface can be set 

as the amount necessary for effective heat transfer by 

thermal radiation according to the invention. The amount 
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depends on the amount of heat transfer required for the 

desired artificial cooling and/or heating, on the area of 

the indoor surf ace structural member and the cooling 

and/or heating surface that can be used for heat transfer 

5 by thermal radiation, and on the thermal radiation 

properties of the far-infrared emitting substance used. 

In the measuring experiment described below, a 

significant effect was found when the inorganic material 

particles as the far-infrared emitting substance were 

10 present in an amount of at least 1 wt% in the indoor 

surf ace structural member material or the material 

forming the cooling and/or heating surface, and a more 

desirable effect was obtained when the amount was at 

least 3 wt%. On the other hand, the upper limit for the 

15 content when using inorganic material particles as the 

far-infrared emitting substance is determined by the 

maximum amount of inorganic material particles that can 

be added to the material forming the indoor surface 

structural member and the cooling and/or heating surface 

20 of a cooling and/or heating source in practical terms, 

and it is not particularly restricted (with even 90 wt%, 

for example, being possible in theory). However, the 

maximum amount in practice may be determined by the 

handleability of the material forming the indoor surface 

25 structural member and the cooling and/or heating surface 

of the cooling and/or heating source, or by the method of 

producing the indoor surface structural member and the 

cooling and/or heating surface. 

30 

[0027] 

According to the invention, several different types 

of substances may even be used (using several different 

substances that are "identical on the molecular level") 

as the inorganic material particles of the far-infrared 

emitting substance. In this case, the same mixture of 

35 inorganic material particles may be used for the indoor 

surf ace structural member and the cooling and/or heating 

surface of the cooling and/or heating source. The 
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contents of the inorganic material particles in the 

materials forming the indoor surface structural member 

material and the cooling and/or heating surface of the 

cooling and/or heating source in this case are 

5 represented as the total amounts of those different 

substances in the mixtures. 

[ 0028] 

As a particular example, different mixtures may be 

used in the indoor surface structural member and the 

10 cooling and/or heating surface of the cooling and/or 

heating source so long as they contain one or more 

identical inorganic material particles. For example, a 

first type of inorganic material particle alone may be 

used in a first wall face (indoor surface structural 

15 member) and a second type of inorganic material particle 

alone may be used in a second wall face (indoor surface 

structural member), while a mixture of two different 

inorganic material particles may be used in the cooling 

and/or heating surface. 

20 [0029] 

In order to efficiently emit and absorb far-infrared 

rays, the far-infrared emitting substance is preferably 

exposed as much as possible to the indoor space whose 

environment is to be regulated. However, it is not a 

25 significant problem if the far-infrared emitting 

substance is not directly exposed to the indoor space, so 

long as it is covered with a protective layer of no 

greater than about 1 mm (for example, a paint layer, 

varnish layer, wallpaper or the like). 

30 [0030] 

The far-infrared emitting substance in the indoor 

surface structural member and the cooling and/or heating 

surface of the cooling and/or heating source contributes 

to heat transfer by thermal radiation between identical 

35 molecular species according to the invention, mainly by 

the components exposed on their surfaces, or components 

near them. Consequently, when the indoor surface 
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structural member and the cooling and/or heating surface 

of the cooling and/or heating source are constructed of 

materials including a far-infrared emitting substance, it 

is appropriate to represent the necessary content of the 

5 far-infrared emitting substance in the indoor surface 

structural member and the cooling and / or heating surface 

of the cooling and/or heating source by the amount of the 

far-infrared emitting substance present on or near their 

surfaces, which are the areas that contribute to heat 

10 transfer according to the invention (as mentioned above, 

a far-infrared emitting substance that is not directly 

exposed to the indoor space but is present at a depth of 

up to about 1 mm can also contribute to heat transfer by 

thermal radiation between identical molecular species 

15 according to the invention). Stated differently, the 

far-infrared emitting substance content according to the 

invention is properly represented as the far-infrared 

emitting substance content present on, and at a depth of 

up to 1 mm in, the surface of the indoor surface 

20 structural member and the cooling and/or heating surface 

of the cooling and/or heating source. However, 

regardless of whether the indoor surface structural 

member (defined as a member forming a surface exposed to 

a space (indoor space) such as a room or hallway whose 

25 environment is to be regulated, as explained above) is 

constructed of a thin film such as paper (for example, 

wallpaper) or a painted coat film or a sheet-like 

material, or is constructed of a laminar material of 

significant thickness formed from plaster or the like, or 

30 is constructed of a solid material that also serves as a 

structural member, formed from concrete or the like, so 

long as the material is a homogeneous mixture, the far­

infrared emitting substance content at or near the 

surface (up to a depth of 1 mm, for example) (the content 

35 represented as the weight proportion of the far-infrared 

emitting substance in the indoor surface structural 

member material) can be considered to be the same as the 
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content represented as the weight proportion of the far­

infrared emitting substance in the entire indoor surface 

structural member material. Thus, when the indoor 

surface structural member of the invention is considered 

5 to be composed of a homogeneous mixture (a mixture 

wherein the distribution of the constituent components is 

constant throughout the entire member), the far-infrared 

emitting substance content in the indoor surface 

structural member is the content represented as the 

10 weight proportion of the far-infrared emitting substance 

in the entire material. When the indoor surface 

structural member is not considered to be composed of a 

homogeneous mixture (for example, when the distribution 

of the constituent components has a bias (concentration 

15 distribution) in the direction of thickness of the 

member), the far-infrared emitting substance content of 

the indoor surface structural member is represented as 

the average content (as a weight proportion) of the far­

infrared emitting substance present from the surface 

20 exposed to the indoor space to a depth of 1 mm. This 

also applies to the cooling and/or heating surface of the 

cooling and/or heating source constructed of a material 

including the far-infrared emitting substance. 

25 

[0031] 

The far-infrared emissivity of the far-infrared 

emitting substance used for the invention is 0.6 or 

greater, preferably 0.8 or greater and more preferably 

0.9 or greater. Far-infrared rays are electromagnetic 

waves with a wavelength of 3 µm-1000 µm. The emissivity 

30 of a material is defined as W/W0 , where W0 is the radiant 

energy for far-infrared rays of an ideal black body, and 

W is the radiant energy for far-infrared rays of the 

material under the same. conditions. The value of the 

emissivity is preferred to be a value at room temperature 

35 which is near the actual use temperature of the system of 

the invention (for example, 25°C), and, for example, the 
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value at near 10 µm where thermal effects on the human 

body are great is used. 

[0032] 

According to the invention, "cooling and/or heating 

5 surface" refers to the heat transferring "surface" of the 

cooling and/or heating source that carries out cooling 

and/or heating of the indoor surface structural member by 

heat transfer via thermal radiation between it and the 

indoor surface structural member. In other words, the 

10 "cooling and/or heating surface" is the section of the 

surface of the cooling and/or heating source in which 

same far-infrared emitting substance as the far-infrared 

emitting substance of the indoor surface structural 

15 

member is present. As explained above, the far-infrared 

emitting substance is preferably exposed on the surface 

but may be covered with a protective layer of no greater 

than about l mm. When the cooling surf ace of the cooling 

source is cooled, the far-infrared emitting substance on 

the cooling surface absorbs the far-infrared rays emitted 

20 by the far-infrared emitting substance of the indoor 

surface structural member, and when the heating surface 

of the heating source is heated, the far-infrared 

emitting substance of the indoor surface structural 

member absorbs the far-infrared rays emitted by the far-

25 infrared emitting substance on the heating surface. 

[ 0033 J 

The present invention utilizes the phenomenon 

whereby heat conduction (heat transfer} by thermal 

radiation between identical molecular species takes place 

30 at higher efficiency than between non-identical molecular 

species, and the basic inventive concept is that the 

presence of the same far-infrared emitting substance in 

the cooled surface and at least part of the inner surface 

of the room causes the inner surface of the room (for 

35 example, a wall face} to function as an absorbing member 

for far-infrared rays from the human body (that is, as a 

secondary cold radiation source}, to obtain a cooling 
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effect that cools the human body. As the reverse 

principle, it is also the basic inventive concept that if 

the cooled surface is instead heated for use as the heat­

supplying source, the inner surface of the room becomes a 

5 far-infrared ray-emitting member (secondary thermal 

radiation source), which reduces the amount of far­

infrared rays absorbed by the inner surface of the room 

from the human body, thus producing a heating effect 

which moderates the sense of coldness felt by the human 

10 body. 

[0034] 

Using the entire inner surface of the room as a 

cooling surface with cold water or a heating surface with 

hot water, for example, is difficult from the standpoint 

15 of cost and interior design. However, since a wide area 

can be guaranteed by the walls or ceilings (or floors), 

as parts of the inner surf ace of the room, these may be 

utilized as the cold radiation sources or thermal 

radiation sources so that the total amount of absorbed or 

20 emitted thermal radiation can obtained within that area. 

In addition, by utilizing the inner surface of the room 

it is possible to peripherally absorb thermal radiation 

from the human body in multiple directions surrounding 

the human body during cooling, and to reduce the thermal 

25 radiation from the human body in multiple directions 

surrounding the human body during heating. Consequently, 

even if the area of the cooling surface or heating 

surface is restricted or the installation space is 

limited, cooling or heating is accomplished utilizing 

30 thermal radiation that makes use of the entire inner 

surface of the room. 

[0035) 

The principle by which heat exchange is accomplished 

at high efficiency by thermal radiation between identical 

35 molecular species will now be explained. Heat exchange 

is accomplished at high efficiency by thermal radiation 

between identical molecular species because, with 
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substances having identical molecular species (substances 

having the same composition and the same molecular 

structure), the phenomenon of molecular vibration 

resonance occurs between the identical molecules via 

5 electromagnetic waves. This can be interpreted as the 

same phenomenon whereby energy transfer occurs at high 

efficiency due the sound wave energy propagation 

phenomenon between tuning forks with the same natural 

oscillation frequency, or the electrical signal 

10 transmission or electromagnetic wave propagation 

phenomenon between tuned circuits of the same tuning 

frequency. 

[0036] 

This principle will now be explained based on data. 

15 Fig. lA and Fig. lB show emission properties for Zr02+Ca0 

and Al 20 3+Ti02 sprayed films (400 µm thickness) heated to 

600°C, as data for the emissivity of far-infrared-emitting 

materials for electromagnetic wavelengths. The component 

ratio of Zr02 and Cao and the component ratio of Al 20 3 and 

20 Ti02 are both 1:1 (weight ratio). 

[0037] 

Fig. lA and Fig. 18 show that the emiss i vity 

properties with respect to wavelength differ between the 

Zr02+Ca0 film and Al 20 3+Ti02 film. This indicates that a 

25 different far-infrared emitting substance composition 

(i.e. different molecular species) will have different 

emissivity properties with respect to wavelength. 

[0038] 

Here it is assumed that a temperature difference 

30 exists between the two films, with the Zr02+Ca0 film at 

relatively high temperature and the Al 20 3+Ti02 film at 

relatively low temperature, and far-infrared rays are 

emitted from the Zr02+Ca0 film and absorbed into the 

Al 203+Ti02 film. Assuming ideal conditions according to 

35 Kirchhoff's law, since the emissivity is equal to the 

absorption rate of the material, the far-infrared rays 

emitted from the Zr02+Ca0 film toward the Al20 3+Ti02 film 
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at the wavelength at which their emissivities match are 

absorbed 100 % by the Al 20 3+Ti0 2 film. That is, lossless 

radiant energy transfer occurs from the viewpoint of 

energy transport efficiency. 

[0039] 

On the other hand, a portion of the far-infrared 

rays emitted from the Zr02+Ca0 film are not absorbed into 

the Al 20 3+Ti02 film due to the difference in emissivities 

(absorption rates) at any wavelength where the emissivity 

10 of the Zr02+Ca0 film is a larger value than the emissivity 

of the Al 20 3+Ti02 film. This is because, since emissivity 

= absorption rate, if (emissivity of substance A > 

emissivity substance B = absorption rate of substance B) 

at that wavelength, a portion of the radiant energy 

15 emitted from substance A will not be absorbed into 

substance B. For example, when the emissivity o f 

substance A is 0.9 and the emissivity of substance Bis 

0.1 at a certain wavelength, the far-infrared rays at 

that wavelength emitted from substance A will be absorbed 

2 0 by substance B only minimally, while most will be 

reflected. This may b e considere d lossy radiant energy 

transfer, from the vi e wpoint of energy transport 

efficiency. 

25 

[0040] 

If the tempe rature difference relationship is 

reversed and far-infrared rays emitted from the Al 20 3+Ti02 

film are absorbed into the Zr02+Ca0 film, then by the same 

logic, the far-infrared rays e mitted from the Al 20 3+Ti02 

film toward the Zr02+Ca0 film will be absorbed 100 % into 

30 the Zr02+Ca0 at the wavelength at which the ir emissivities 

match (under ideal conditions). At wave lengths in which 

the emissivity of Zr02+Ca0 is smaller than the emissivity 

of Al 20 3+Ti02, however, a portion of the far-infrared rays 

having thos e wavelengths that are emitt e d from the 

35 Al 203+Ti02 are not absorbed by the Zr02+Ca0, and loss i s 

generated. 

[0041] 
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In other words, even under ideal conditions, loss is 

generated in the exchange of thermal radiation between 

materials with different emissivity properties with 

respect to wavelength (i.e. between different molecular 

5 species). On the other hand, no loss is generated i n the 

exchange of thermal radiation under ideal conditions 

between materials with the same emissivity properties 

with respect to wavelength (i.e. between identical 

molecular species). The present invention provides an 

10 indoor environment regulating system based on the 

principle described above, wherein heat exchange by 

thermal radiation between identical molecular species 

occurs at high efficiency. 

15 

[0042] 

Embodiments of the invention will now be explained 

with reference to the accompanying drawings. In the 

explanation which follows, the cooling surface of the 

cooling source will usually be referred to as 

"cooling/dehumidifying surface". As a comment in this 

20 regard, the system of the invention utilizes the 

phenomenon by which heat transfer occurs by thermal 

radiation between identical molecular species at higher 

efficiency than between non-identical molecular species, 

so that heat transfer by thermal radiation between the 

25 indoor surface structural member and the cooling surface 

of the cooling source occurs at high efficiency, to 

obtain a cooling effect. In this system, 

dehumidification on the cooling surface is merely a 

secondary effect. The cooling surface exhibits a cooling 

30 effect by being cooled with a refrigerant or the like. 

35 

If the temperature of the cooled cooling surface is 

lowered to below the dew point of the moisture in the 

indoor environment, condensation will occur on the 

cooling surface and as a result the dehumidification will 

essentially be accomplished. Since moisture in the air 

is an far-infrared ray-absorbing substance, it will tend 

to inhibit the far-infrared absorption function of the 
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indoor surface structural materials, such as walls, and 

the far-infrared absorption from the human body into the 

indoor surface structural members. Consequently, when an 

indoor environment is dehumidified as a result of 

5 condensation on the c ooling surface, it is possible to 

efficiently increase the cooling effect of utilizing 

emission by the system of the invention. Furthermore, 

since the discomfort index is reduced as a result of 

dehumidification, it is possible to increase the cooling 

10 effect from this viewpoint as well. While 

dehumidificati on is thus advantageous in the system of 

the invention, it is not indispensable, and whether or 

not dehumidification occurs will depend on the humidity 

of the indoor environment in which the system of the 

15 invention is applied and on the temperature of the 

cooling surface which is cooled with a refrigerant or the 

like. Nevertheless, considering that there is no 

disadvantage t o dehumidification by condensation on a 

cooling surface and that the humidity is often high in 

20 high-temperature environments in whi c h the system of the 

invention will be applied, the cooling surface of the 

cooling source will be referred to as 

"cooling/dehumidifying surface" in the explanation that 

follows. 

25 [0043] 

Fig. 2 is a conceptual drawing showing an overview 

of a room furnished with an indoor environment regulating 

system according to the invention, as an embodiment of 

the invention. A room 100 is shown in Fig. 2. The room 

30 100 is a room for residence in a detached house or 

multiple dwelling house. The room 100 comprises a 

hexahedronal indoor space 101. The interior of the 

indoor space 1 01 is composed of a floor face 200, wall 

faces 300 and a c eiling face 400. 

35 [0044] 

The floor face 200 comprises a floor panel obtained 

by fashioning natural stone, and it is warmed by an 

/ 
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electric heater which is controlled by a heater 

controller 204. As the floor face 200 is warmed, the 

far-infrared ray-emitting effect of the natural stone 

functions as a heating surface to emit far-infrared rays 

5 in the room 101. An electric carpet containing a far­

infrared emitting substance (for example, natural stone 

powder particles or the like) may also be utilized as 

having the same function as the floor panel. 

10 

(0045] 

The wall faces 300 are composed of plaster 

comprising a mixed ground product obtained by grinding 

the natural stone composing the floor face 200. A 

cooling/dehumidifying surface 301 is provided on part of 

the wall faces 300. The cooling/dehumidifying surface 

15 301 includes on its outer surface a ground product 

obtained by grinding the same natural stone composing the 

floor face 200. The cooling/dehumidifying surface 301 is 

cooled by a refrigerant which is in turn cooled by a 

refrigerant-cooling device 302. Also, as explained 

20 below, a dehumidification device employing the 

cooling/dehumidifying surface 301 is constructed. The 

installation area of the cooling/dehumidifying surface 

301 constitutes 5% of the wall faces 300. 

[0046] 

25 While not shown here, a window and door are also 

provided on the wall faces 300. In this example, the 

combined area of the window and door is 30% of the wall 

faces 300. The ceiling face 400 is composed of a gypsum 

board containing a ground product obtained by grinding 

30 the same natural stone composing the floor face 200. 

[0047] 

In this example, the total heat capacity of the 

natural stone in the floor face 200 is designed to about 

approximately 3 times the heat capacity of the air 

35 occupying the indoor space 101 (calculated at a 

temperature of 20°C and a humidity of 50%). Also, a metal 

foil sheet as a reflective layer is provided on the rear 
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side of the stone floor of the floor face 200 and on the 

rear sides of the layers comprising the natural stone on 

the wall faces 300 and ceiling face 400, so that the far­

infrared rays are reflected in the direction of the room 

5 (i.e., so that the far-infrared rays do not escape out of 

the room). 

[0048) 

Fig. 3 is a conceptual drawing showing the cross­

sectional structure of the floor. Fig. 3 shows the 

10 ground layer structure 201 of the room 101. The ground 

layer structure 201 is a structure forming the ground 

layer of the floor. In this example, the heat insulating 

material 202 is situated on the ground layer structure 

201, and a heat release layer 203 employing an 

15 electrothermal heater is provided on it. Driving current 

is supplied to the heat release layer 203 from a heater 

controller 204. On the lower side of the heat release 

layer 203 there is stretched a metal foil sheet (not 

shown), and it has a structure such that it reflects far-

20 infrared rays in the direction of the stone floor panel 

205. 

[0049) 

A stone floor panel 205 obtained by working natural 

stone into a 30 mm-thick panel is provided over the heat 

25 release layer 203. The natural stone comprising the 

stone floor panel 205 is granite, and it is selected so 

that the far-infrared emissivity is about 0.9. In this 

example, the entire floor face 200 has the structure 

shown in Fig. 3. 

30 [00501 

When a current is supplied to the heat release layer 

203 and the heat release layer 203 releases heat, the 

heat is transferred to the stone floor panel 205, thus 

warming the stone floor panel 205. The warmed state of 

35 the stone floor panel 205 is adjusted by the heater 

controller 204. The warmed stone floor panel 205 emits 

far-infrared rays toward the indoor space 101. 
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[0051] 

The heat release layer 203 may also have a 

construction in which hot water is circulated to transfer 

heat to the stone floor panel. For this purpose, 

5 sunlight may be used to obtain the hot water and thus 

reduce usage cost. The stone floor panel 205 may be made 

of another natural stone or ceramic material with a far­

infrared emissivity of 0.6 or greater, preferably 0.8 or 

greater and more preferably 0.9 or greater. 

10 [0052] 

Fig. 4A is a conceptual drawing showing an overview 

of a cooling/dehumidifying device, and Fig. 48 shows a 

cross-sectional view of a portion thereof. As shown in 

Fig. 4A, the cooling/dehumidifying device comprises a 

15 cooling/dehumidifying surface 301. The 

cooling/dehumidifying surface 301 comprises multiple fins 

304 made of aluminum coated on t h e surface as described 

below. The fins 304 are thin sheets that extend 

vertically. The fins 304 may be constructed of another 

20 metal material or alloy material with satisfactory heat 

conduction, such as iron or coppe r or an alloy thereof, 

for example. 

[0053] 

As shown in Fig. 4B, the surface of each fin 304 is 

25 covered with a far-infrared absorption layer 304a. The 

far-infrared absorption layer 304a is obtained by mixing 

a binder with a ground product obtained by grinding the 

natural stone composing the stone floor panel 205, and 

coating the surfaces of the fins 304 with the mixture in 

30 a laminar fashion and drying. 

[0054] 

An example of a method for forming the far-infrared 

absorption layer 304a of the fin 304 surfaces will now be 

explained briefly. First, the natural stone composing 

35 the floor face 200 is ground to a mean particle size of 

5-100 µm (approximately 50 µm in the case described 

here), and 40 parts by weight thereof is prepared. Next, 
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60 parts by weight of the coating material that is to 

function as the binder is prepared, and is combined with 

a solvent (not part of the quantity) and the previously 

ground natural stone. The mixture is coated onto the 

5 surfaces of the fins 304 to a thickness of 500 µm and 

dried to form a far-infrared absorption layer 304a. The 

content of the ground product obtained by grinding the 

natural stone comprising the floor face 200 is 40 wt% in 

the far-infrared absorption layer 304a formed in this 

10 manner, for this example. Since heat transfer by thermal 

radiation between identical molecular species (radiation 

heat transfer) is utilized according to the invention, 

the content of the ground product to be included in the 

far-infrared absorption layer 304a will depend on the 

15 quantity of heat which is to migrate by thermal 

radiation, as well as on the total area of the far­

infrared absorption layer 304a. Generally speaking, the 

far-infrared absorption layer 304 may contain the ground 

product at 1 wt% or greater, or it may even contain the 

20 ground product at 10 wt%, 20 wt% or greater. 

(0055] 

The fins 304 are formed integrally with an aluminum 

support plate 303. The rear side of the support plate 

303 is exposed to a refrigerant passageway 305. Also, a 

2 5 layer identical to the far-infrared absorption layer 304a 

is provided on the front side {indoor side) of the 

support plate 303. Cold water is circulated as a 

refrigerant through the refrigerant passageway 305. The 

refrigerant is cooled by the refrigerant-cooling device 

30 302. The cooling mechanism of the refrigerant-cooling 

device 302 is the same as that used in an ordinary air 

conditioner or refrigerator. 

(0056] 

A drainage conduit 307 is provided under the 

35 cooling/dehumidifying surface 301. When cooling water is 

circulated through the refrigerant passageway 305, the 

fins 304 are cooled and the far-infrared absorption layer 
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304a on the surface of the fins 304 is also cooled. By 

cooling of the far-infrared absorption layer 304a, the 

ground product in the far-infrared absorption layer 304a 

absorbs far-infrared rays emitted from the floor face 

5 200, wall faces 300 and ceiling face 400, thus 

accomplishing cooling of the environment in the room 100. 

Moisture in the air of the indoor space 101 condenses on 

the surface of the far-infrared absorption layer 304a. 

The condensed water droplets fall down into the drainage 

10 conduit 307. Below the drainage conduit 307 there is 

fitted a collecting tank 308 in a detachable manner, 

provided so that water falling into the drainage conduit 

307 pools in the collecting tank 308. The dehumidifying 

device is designed with this structure to collect 

15 condensed moisture. 

[0057] 

The refrigerant need only be at a lower temperature 

than the environmental temperature, and therefore it is 

not limited to cold water but may also be a refrigerant 

20 gas. The refrigerant-cooling device 302 is not limited 

to the one described above, and any device that can cool 

a refrigerant may be utilized. The cooling/dehumidifying 

surface may also be constructed with the floor face or 

ceiling face, but modifications are necessary for 

25 treatment of condensed water droplets. Also, instead of 

providing the cooling/dehumidifying surface on part of a 

wall face, it may be separately installed in the room. 

However, it is important for the cooling/dehumidifying 

surface to be exposed to the indoor space and for heat 

30 exchange to be carried out by radiation between the 

floor, wall and ceiling faces. The surface of the 

cooling/dehumidifying surface may be composed of stone. 

Also, the electric power of the refrigerant-cooling 

device 302 is preferably supplemented by electric power 

35 generated by a solar cell. The artificial cooling 

accomplished using the refrigerant-cooling device 302 has 

high cooling efficiency compared to ordinary convection-
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type artificial cooling apparatuses (air conditioners), 

and therefore the electric power can be adequately 

supplemented by solar cell electric power generation. 

[0058) 

Fig. 5 is a conceptual drawing showing the cross­

sectional structure of a wall. The wall faces 300 shown 

in Fig. 2 each have the cross-sectional structure shown 

in Fig. 5. Fig. 5 shows t he foundation structure 310 for 

the ground layer structure of the wall. A thermal 

10 insulating board 311 is mounted on the indoor side of the 

foundation structure 310. A metal foil sheet 312 is 

15 

stretched on the thermal insulating board 311 and a 

plaster layer 313 is formed thereover. 

[0059) 

The plaster layer 313 is composed of a starting 

material that is obtained by mixing a material prepared 

by grinding the same natural stone composing the stone 

floor panel 205 to a mean particle size of 5-100 µrn 

(about 50 µm in the case described here) with an ordinary 

20 plaster material (a starting material containing no 

wa ter) in an amount of 20 wt % with respect to the 

ordinary plaster starting material, and then adding water 

thereto and kneading the mixture. The thickness of the 

plaster layer 31 3 is 30 mm and the processing method is 

25 the same as for ordinary plaster walls. 

[0060} 

Fig. 6 is a conceptual drawing showing the cross­

s e ctional structure of the ceiling. The ceiling face 400 

shown in Fig. 2 ·has the cross-sectional structure shown 

30 in Fig. 6. Fig. 6 shows the foundation structure 401 for 

the ground layer structure of the ceiling. In this 

example, a metal foil sheet 402 is provided under the 

foundation structure 401, and a 20 mm-thick gypsum board 

403 is additionally installed. The gypsum board 403 ha s 

35 a composition including 10 wt % of the same natural stone 

composing the floor face 200, ground to a mean particle 



- 35 -

size of 5-100 µm (ab out 50 µm in the case described 

here). 

[0061] 

The principle of heating in the embodiment of the 

5 invention described with reference to Figs. 2 to 6 will 

now be explained. Since the present invention is a 

technique for causing absorption of radiant heat into the 

body of a human in an indoor space to produce a warm 

feeling in the human, the term "heating" will be used 

10 here to mean the effect of producing a wa rm feeling i n a 

human in an indoor space. Figs. 7A and 78 are conceptual 

drawings illustrating the principle by which a heating 

effect is obtained. Instead of operating a refrigerant-

cooling device 302, heating is accomp lished by operating 

15 a heater controller 20 4 to heat the floor face 200. This 

causes heating of the stone floor panel 205 of the floor 

face 200 (see Fig. 3), so that far-infrared rays are 

emitted from the stone floor panel 205 to the indoor 

space 101. In Fig. 7A, the far-infrared rays emitted 

20 from the floor face 200 are shown conceptually by arrows 

indicated by the numeral 51. 

[0062] 

A portion of the far-infrared rays emitted from the 

floor face 200 are a b sorbed into the human 52 and into 

25 the far-infrared-absorbing components in the air of the 

indoor space 101, while the rest are absorbed into t he 

wall faces 300 and ceiling face 400. At this time, since 

(1) the wall faces 300 and ceiling face 400 are not 

heated (i.e., their temperature is lower than the floor 

30 face 200), and (2) the wall faces 300 and ceiling face 

400 contain powder of the same stone as the stone that 

serves as the far-infrared ray-generating source from the 

floor face 200, the far-infrared rays emitted by the 

floor face 200 are efficiently absorbed into the wall 

35 faces 300 and ceiling face 400. 

[0063] 

The wall faces 300 and ceiling face 400 that have 
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absorbed far-infrared rays from the floor face 200 re­

emi t far-infrared rays. In Fig. 78, the re-emitted far­

infrared rays are shown conceptually by broken arrows 

indicated by the numeral 53. A portion of the re-emitted 

5 far-infrared rays 53 are absorbed into the human 52 and 

into the far-infrared-absorbing components in the air of 

the indoor space 101, while the rest are re-absorbed 

again into the wall faces 300 and ceiling face 400. 

Since far-infrared rays are reflected into the indoor 

10 space by the metal foil sheets on the rear sides of the 

wall faces 300 and ceiling face 400 during re-emission of 

the far-infrared rays, dissipation of the heat energy of 

the far-infrared rays emitted from the floor face 200 is 

minimized. This allows more effective utilization of 

15 energy. 

[0064) 

By repeated occurrence of the phenomenon illustrated 

by Fig. 7A ---'>- Fig. 78 -> Fig. 7A, a human in the indoor 

space feels warmed by receiving far-infrared rays 

20 (radiant heat) from the surroundings, while the far­

infrared-absorbing components in the air of the indoor 

space absorb the far-infrared rays and rise in 

temperature. A heating effect is thus obtained. In 

addition, the floor face 200 is heated and itself 

25 increases in temperature, thus creating the same effect 

as floor heating, and therefore this heating effect is 

simultaneously produced. 

(0065) 

The heating effect according to the invention 

30 described above accomplishes heating not by convection or 

heat conduction but rather by radiation that travels 

across the entire indoor space, and therefore deviation 

in temperature distribution in the indoor space and 

particularly the vertical direction is minimized. 

35 Furthermore, since only the floor face is directly 

heated, heat from the far-infrared rays emitted from the 

floor face can be utilized for heating, thus contributing 
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to effective utilization of energy. Energy waste can 

therefore be minimized. Also, since the human body feels 

warmth not only from increased room temperature but also 

from radiant heat, it is possible to achieve effective 

S utilization of inputted energy from this standpoint as 

well. In addition, since no airstream flow is used, 

there is no unpleasantness or adverse effect on health 

from contact of hot air on the s kin. It is possible to 

achieve zero emission when utilizing hot water obtained 

10 using solar heat as the heating source or in-house power 

generation with solar cells. 

(0066] 

The principle of coo ling according to the present 

embodiment will now be explained. Since the present 

15 invention is a technique for causing absorption of 

radiant heat into the body of a human in an indoor space 

to produce a warm feeling in the human, the term 

"cooling" will be used here to mean the effect of 

producing a cool feeling in a human in an indoor space. 

20 Figs. BA and 88 are conceptual drawings illustrating the 

principle by which a cooling effect is obtained. In this 

case, there are two cooling effects: (1) a cooling effect 

when neither the heater controller 204 nor the 

refrigerant-cooling device 302 are operated, and (2 ) a 

25 c ooling effect when the heater controller 204 is not 

operated but the refrigerant-cooling device 302 is 

operated. First, the cooling effect in case (1) wi l l be 

explained. 

30 

[0067 J 

In case (1), neither the heater controller 204 nor 

the refrigerant-cooling device 302 are operated. 

However, since the floor face 200 has a stone floor panel 

with a large heat capacity provided on it, it a maintains 

temperature at times of lowest atmospheric temperature 

35 such as nighttime or daybreak. In other words, the floor 

face (stone floor) 200 that has cooled during times of 

lowest atmospheric temperature such as nighttime or 
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daybreak increases in temperature thereafter as the 

atmospheric temperature rises, but because its heat 

capacity is large, the temperature does not increase as 

much as the atmospheric temperature increase. Therefore, 

5 a cold feeling is produced even during daytime when the 

atmospheric temperature has increased. 

confirmed by experience. 

(0068] 

This can also be 

On the other hand, the wall faces 300 and ceiling 

10 face 400 have low stone contents compared to the floor 

face 200, and their heat capacities are considerably 

smaller than the floor face. Therefore, when the 

atmospheric temperature increases during daytime, the 

wall faces 300 and ceiling face 400 are affected so that 

15 their temperatures rise to relatively high temperatures 

compared to the floor face 200. 

[0069] 

For example, when the minimum atmospheric 

temperature at daybreak is 20°C and the maximum 

2 0 atmospheric temperature at daytime i s 28°C, the floor face 

200 is at a temperature of about 22-23°C at daybreak, and 

moderate shading of the indoor space results in a maximum 

temperature of about 25-26°C even during daytime. On the 

other hand, the temperature of the wall faces 300 which 

25 have low heat capacity is several degrees higher than the 

floor face, while the ceiling face 400 is at a 

temperature near atmospheri c temperature. 

[0070] 

As a result, far-infrared rays are emitted from the 

30 wall faces 300 or ceiling face 400, that are at 

relatively high temperature, toward the floor face 200 

that is at relatively low temperature, such that the far­

infrared emitting substances in the wall faces 300 and 

ceiling face 400 are cooled. Thi s cooling is very 

35 immediate because the heat capa cities of the wall faces 

300 and ceiling face 400 are smaller than the heat 
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capacity of the floor face 200. Heat at the wall faces 

300 and ceiling face 400 is removed by the mechanism of 

absorption of far-infrared rays into the floor face 200, 

so that absorption of far-infrared rays by the wall faces 

5 and ceiling face occurs easily in proportion to the 

amount of emission. During this time, since the floor 

face 200 has a surface made of stone while the wall faces 

300 and ceiling face 400 comprise ground products of the 

stone, heat migrates efficiently via the far-infrared 

10 rays. 

[0071) 

As a result, as shown in Fig. BB, the far-infrared 

rays emitted by a human 52 are easily absorbed into the 

floor face 200, wall faces 300 and ceiling face 400, 

15 producing a feeling of coolness for the human 52. In 

addition, the far-infrared rays emitted from primarily 

moisture in the air are also easily absorbed into the 

floor face 200, wall faces 300 and ceiling face 400, thus 

lowering the atmospheric temperature. 

20 [0072] 

The cooling function in case (1) is a passive 

function that does not require electric power energy for 

cooling, and this is highly desirable from the viewpoint 

of energy irradiation and not increasing the burden on 

25 the environment. However, in this case, when the 

external air temperature is above 30°C and the humidity is 

greater than 60%, for example, the cooling effect will 

not be sufficient and the burden of heat on the human 

body increases. That is, the body will feel hot. In 

30 such situations, the cooling effect of case (2) explained 

hereunder can produce a degree of cooling to allow 

sufficiently comfortable living. 

[0073) 

In case (2), the heater controller 204 is not 

35 operated, while the refrigerant-cooling device 302 is 

operated to cool the cooling/dehumidifying surface 30 1 . 

Cooling of the cooling/dehumidifying surface 301 causes 
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the cooling/dehumidifying surface 301 to be at a lower 

temperature than the floor face 200, wall faces 300 and 

ceiling face 400. Consequently, the heat balance is 

significantly disturbed, and far-infrared rays are 

5 emitted from the floor face 2 00, wall faces 300 and 

ceiling face 400 toward the cooling/dehumidify ing surface 

301, and are absorbed into the cooling/dehumidifying 

surface 301. During this time, sinc e the floor face 200 

has a surf ace composed of the same type of stone as the 

10 ground product coated on the surface of the 

cooling/dehumidifying surface 301, and the wall faces 300 

and ceiling fac e 400 comprise the same ground product 

coated on the surface of the cooling/dehumidifying 

surface 301, migration of heat via far-infrared rays 

15 takes place at high efficiency. 

[0074] 

This situation is illustrated in Fig. BA. Fig. BA 

conceptually shows the situation in which far-infrared 

rays are emitted from the floor face 200, wall faces 300 

20 and ceiling face 400 toward the c ooling/dehumidifying 

surface 301 and are absorbed into the 

cooling/dehumidifying surface 301, as indicated by a 

solid arrows 61. The temperatures at each section in 

this case are in the relationship: ceiling face 400 > 
25 wall faces 300 > floor face 2 00 > cooling/dehumidifying 

surface 301. 

[0075] 

The floor face 200, wall faces 300 and ceiling face 

400 are removed of their heat by the mechanism of 

30 absorption of far-infrared rays into the 

cooling/dehumidifying surface 301, so that absorption of 

far-infrared rays occurs easily in proportion to the 

amount of emission. This is manifested as temperature 

reduction in the floor face 200, wa l l faces 300 and 

35 ceiling face 400, and can be interpre ted as in c reased 

ability to abs o rb radiant heat, as a large shift occurs 

from the equilibrium state as a result of supplying 
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radiant heat to the cooling/dehumidifying surface 301. 

[0076) 

As a result, the far-infrared rays emitted by the 

human 52 are easily absorbed into the floor face 200, 

5 wall faces 300 and ceiling face 400. This condition is 

illustrated in Fig. BB. That is, Fig. BB conceptually 

shows a state in which radiant heat indicated by the 

broken arrows 62 is being absorbed into the floor face 

200, wall faces 300 and ceiling face 400. 

10 [0077) 

The far-infrared rays emitted from the human 52 are 

easily absorbed into the floor face 200, wall faces 300 

and ceiling face 400, and therefore the heat of the human 

52 is absorbed into the floor face 200, wall faces 300 

15 and ceiling face 400 in the form of thermal radiation. 

As a result, the body of the human 52 loses heat and is 

cooled, thus producing a cool feeling for the human 52. 

This also applies to heat energy of the far-infrared­

absorbing components in the air in the indoor space 101. 

20 That is, the floor face 200, wall faces 300 and ceiling 

face 400 readily absorb far-infrared rays, so that the 

heat energy of the far-infrared-absorbing components in 

the air in the indoor space is absorbed into the floor 

face 200, wall faces 300 and ceiling face 400 in the form 

25 of radiant heat. As a result, the room temperature is 

reduced. 

[0078) 

While this effect only lowers the room temperature 

by about l-2°C, the heat is lost to the floor face 200, 

30 wall faces 300 and ceiling face 400 in the form of direct 

radiant heat from the body, and therefore the human 52 

may feel cooler than the actual reduction in room 

temperature. 

35 

[0079) 

Also, since cooling of the cooling/dehumidifying 

surface 301 causes condensation on the surface and the 

condensed water droplets are captured by the mechanism 
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shown in Fig_ 4A and collected, it is also possible to 

obtain a dehumidifying function. Since moisture in the 

air is a good far-infrared absorption component, it 

inhibits the effect that utilizes far-infrared ray 

5 emission, indicated by numerals 61 and 62 in Figs. BA and 

BB. Consequently, removal of the moisture in the air 

increases the function of creating a condition in which 

far-infrared rays are more easily absorbed by the floor 

face 200, wall faces 300 and ceiling face 400, which 

10 utilizes the aforementioned emission of far-infrared 

rays, and the efficiency of radiant heat absorption from 

the human body into the floor face 200, wall faces 300 

and ceiling face 400, while also increasing the cooling 

effect caused by absorption of radiant heat from the 

15 human body. In addition, the dehumidifying function 

lowers the discomfort index, thus increasing the cooling 

effect from this viewpoint as well. For these reasons, 

even with a cooling effect of only l-2°C of air 

temperature, it is possible to feel cool above this 

20 numerical value. 

[OOBO] 

Thus, by using absorption of rad~ant heat generated 

by the human body, it is possible to obtain a significant 

cooling effect even with a small decrease in room 

25 temperature. Since no cold air is utilized for this, it 

is possible to avoid the disadvantages of cold air 

contacting the skin. In addition, since absorption of 

radiant heat f rorn the far-infrared-absorbing components 

in the air takes place without bias in the indoor space, 

30 the temperature distribution bias in the vertical 

direction of the indoor space can be reduced and energy 

utilization efficiency can be increased. Furthermore, 

since the room temperature decreases only slightly, it is 

possible to minimize symptoms such as "cooling disorder". 

35 [ 0081] 

Cooling with a system that absorbs radiant heat from 

the body according to the invention speeds the initial 
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cooling effect and increases the immediacy of noticing a 

cooling effect. This is also useful for increasing 

comfort and lowering wasteful energy consumption. In 

this embodiment, in particular, radiant heat is absorbed 

5 from the human body into the three surfaces, i.e., the 

floor face 200, the wall faces 300 and the ceiling face 

400, and therefore a high body cooling effect is 

achieved. 

10 

[0082] 

Furthermore, the cooling effect of case (1) 

described above does not require input of energy from the 

outside for refrigerant, and does not produce greenhouse 

gases, and it can therefore be used to realize zero 

emission. Also, the cooling effect of case (2) described 

15 above can be obtained with less required electric power 

than ordinary cooling, and therefore energy savings can 

be achieved. When the cooling effect of case (2) is used 

with a solar cell, it is possible to effectively obtain a 

cooling effect without utilizing commercial electric 

20 power. 

[0083] 

Data supporting the effect of mixing a ground 

product of a far-infrared emitting substance in a wall 

will now be provided. 

25 [0084 ] 

Fig. 9 is a conceptual drawing showing an 

environment in which measurement was conducted. Fig. 9 

shows the cross-sectional shape of a meter box 501 made 

of veneer. The meter box 501 comprises a 15 mm-thick 

30 veneer, and it has a box structure of the dimensions 

shown (45 cm depth as well), with one open surface. The 

meter box 501 is situated with its open surface placed on 

the floor face 200 shown in Fig. 3. The surface of the 

floor face 200 has a stone floor panel 205 (25 cm square, 

35 15 mm-thick panel of processed granite) provided over it 

as explained in relation to Fig. 3, and the surface of 

the panel (floor face) is heated by adjusting the 
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temperature with an electrothermal heater to between room 

temperature and 45°C. For this measurement, a temperature 

sensor enve loped by aluminum foil was placed at a 

position at the center of the meter box 501 at a height 

5 of 30 cm from the floor face 200, and the atmospheric 

temperature at that point was measured. 

[0085) 

A plaster panel 502 was attached to each of the 

upper sections of the four wall faces of the interior of 

10 the meter box 501. The plaster panel 502 was obtained by 

forming the plaster layer 313 explained in relation to 

Fig. 5 into a 20 rrun-thick panel, and it contains the same 

stone as the stone composing the stone floor panel 205 of 

Fig. 3, ground into powder with a mean partic le size of 

15 50 µ (hereinafter referred to as "stone powder"). Six 

samples were prepared having stone powder contents of 0 

wt%, 1 wt%, 3 wt%, 5 wt%, 10 wt% and 20 wt%. 

[0086] 

The measurement was conducted in the following 

20 manner. First, the floor face 200 was adjusted to a 

temperature of about 32°C, and observed until the 

temperature change during 10 minutes stabilized at below 

0.1°C. When the temperature of the floor face 200 

stabilized, the meter box 501 having the plaster panels 

25 502 affixed to the upper sections of the four inner wall 

surfaces was placed on the floor face 2 00 in the state 

shown in Fig. 9, and measurement of the air temperature 

was initiated at the atmospheric temperature measuring 

location shown. The veneer was exposed below the plaster 

30 panels 502. 

[0087] 

Temperature measurement was conducted initially, and 

then 1 minute, 3 minutes, 5 minutes, 7 minutes and 10 

minutes after the initial measurement. The operation was 

35 conducted for the following 6 samples: "plaster alone", 

"plaster + 1 wt% stone powder", "plaster + 3 wt% stone 
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powder", "plaster + 5 wt% stone powder", "plaster + 10 

wt% stone powder" and "pl aster+ 20 wt% stone powder". 

[0088] 

The increas es for each sample from the initially 

5 measured temperature ar e shown in Table 1. 

10 

[0089] 

Table 1 

After 1 After 3 After s After 7 After 10 
minute minutes minutes minutes minutes 

Plaster alone +3.3°C +6.2°C +7 . S°C + 8. 6°C + 9. 7°C 
Plaster + 1 +3. 3°C +6. 8°C +8. 6°C +9.2°C +9.7°C 
wt% stone 
powder 
Plaster + 3 + 4. S°C +7. 6°C +8. 4°C +9. 3°C +10.4°C 
wt% stone 
powder 
Plaster + s +4. 7°C +7. 8°C +8. 7°C +9. S°C +10. 2°C 
wt% stone 
powder 
Plaster + 10 +4. 6°C +7. 3°C +8.S 0 c +9. 6°C +10. 6°C 
wt% stone 
powder 
Plaster + 20 +S. 6°C +8. 4°C +9. 3°C +9. 9°C +10.s0 c 
wt% stone 
powder 

[0090 J 

Fig. 10 shows a graphical representation of the data 

of Table 1. As clearly seen in Fig. 10, the plaster 

walls with the mixture of stone powder (ground product of 

15 the same stone as the floor face) exhibited a faster 

temperature increase and a greater increase range than 

the plaster alone. In this experiment only the floor 

face was heated, and therefore primary radiation was only 

from the floor face. Thus, the graph in Fig. 10 shows 

20 measurement of the increase in atmospheric temperature 

due to the stone powder in the wall (plaster panel 502) 

This supports the validity of the heating effect 

utilizing secondary radiation from a member other than 

the heating surface in the indoor space, according to the 
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principle of the invention. 

[0091) 

In the data shown in Fig. 10, the points are shown 

where the temperature increase property improved during 

5 the start-up period of 3-7 minutes after the start of 

heating, due to addition of the stone powder. 

Temperature increase due to heating of an object requires 

a large amount of heat energy during the start-up period 

up until an equilibrium state is reached. Thus, it may 

10 be said that .the phenomenon in which the start-up period 

property is improved, as shown in Fig. 10, strongly 

demonstrates the effectiveness of adding stone powder to 

the wall (plaster panel 502). Also, the start-up period 

property-improving effect is clearly exhibited with 

15 addition of the stone powder at 1 wt %, and is more 

prominent with addition at 3 wt%. 

[0092] 

From the viewpoint of the content of the stone 

powder in the plaster, a content of 1 wt% resulted in a 

20 significant difference in the effect after 3 minutes, 

after 5 minutes and after 7 minutes, but no difference 

after 1 minute and after 10 minutes. Therefore, an 

effect was seen with 1 wt%, and with a further increased 

content of 3 wt%, the increased temperature width was 

25 notably larger compared to plaster alone. It was 

therefore concluded that the effect of the invention is 

obtained with a stone powder content of 1 wt% or greater, 

and preferably with a content of 3 wt% or greater. With 

a content of 3 wt%, in particular, the increased 

30 temperature width was notably larger compared to plaster 

alone. 

[0093] 

When the stone powder content was 5 wt% or 10 wt%, 

no notable difference was observed compared to 3 wt%. 

35 However, when the stone powder content was increased to 

20 wt%, a notable difference in temperature increase 

effect was observed. While not shown here, further 
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increasing the stone powder content above 20 wt% tended 

to saturate the temperature increase effect to some 

extent. In addition, a stone powder content of greater 

than 20 wt% will tend to reduce workability from the 

5 viewpoint of trowel running on the starting material 

during construction of the plaster wall, or uniform 

spreading during coating. For a plaster wall, therefore, 

it is considered suitable for the stone powder addition 

to be no greater than about 20-30 wt%. 

10 [0094) 

The data in Fig. 10 demonstrates that including the 

same material in the wall faces as the far-infrared 

emitting substance composing the heating surface produces 

secondary radiation from the wall faces, and the 

15 secondary radiation component produces a notable function 

on the heating effect. As is well known, the actions of 

emission and absorption of far-infrared rays of a far­

infrared emitting substance are reversible. 

Consequently, when the heating surface (floor face) was 

20 used as the cooling/dehumidifying surface in the 

experiment illustrated in Fig. 9, there was a tendency 

opposite to the data shown in Fig. 10, i.e., radiant heat 

was removed from the wall faces (plaster panels 502) into 

the cooling/dehumidifying surface (floor face), causing 

25 the wall faces to more easily absorb radiant heat, and it 

is expected that this causes the phenomenon in which the 

heat of the heating unit in the meter box 501 is absorbed 

into the wall faces as radiant heat (the atmospheric 

temperature is lowered) . It can therefore be concluded 

30 that the data shown in Fig. 10 is evidence, albeit 

indirect, for the cooling effect of the invention. 

[0095] 

Also, the data shown in Fig. 10 indicate that the 

effect of the superiority of heat exchange between 

35 identical far-infrared emitting substances can be 

confirmed if the far-infrared emitting substance is 

present at 1 wt% or greater in the material in which heat 
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exchange takes place, and is notable at 3 wt% or greater. 

Thus, the knowledge relating to the proportion of the 

far-infrared emitting substance also applies to the 

cooling/dehumidifying surface (or heating surface), and 

5 it is concluded that in order to exhibit function as a 

cooling/dehumidifying surface (or heating surface) of the 

invention it is necessary for the far-infrared emitting 

substance content on that surface to be 1 wt% or greater 

and preferably 3 wt% or greater. The data in Fig. 10 

10 explained above also support the range for the content of 

the far-infrared emitting substance when added to other 

materials (for example, a coating material layer or 

wallpaper) . 

[0096] 

15 Data demonstrating that uniform heating can be 

20 

realized in the height direction will now be explained. 

Table 2 shows the results of measuring the temperature 

distribution in the vertical direction, for actual use of 

a room satisfying the conditions described for the above 

embodiment. The measurement was conducted in an 

environment with an outdoor air temperature of ll°C 

(winter daytime), determining the atmospheric temperature 

at the location shown in Table 2 above the floor, after 2 

hours of heating a floor face temperature (stone floor 

25 surface temperature shown in Table 2) to a comfortable 

condition. The ceiling height was 350 cm above the floor 

at the section of maximum height. 

[0097] 
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Table 2 

Temperature 50 cm 150 cm 2SO cm Maximum 
of stone above above above temperature 

floor floor floor floor difference 
surface in space 

Measured 32. 8°C 25. 8°C 2 4. S°C 2 3 .1°C 2. 7°C 
results 1 
Measured 32. 8°C 2S. S°C 2 4. 1°C 22. 6°C 2 . 9°C 
results 2 
Measured 3 3. 1 °C 25. 0°C 24.2°C 23.0°C 2. 0°C 
results 3 
Measured 32. 9°C 26. 0°C 26. 0°C 24.8°C 1. 2°C 
results 4 

[0098] 

As clearly seen from Tab l e 2, the temperature 

distribution in the vertical direction of the indoor 

space was highly uniform. With ordinary convection-type 

heating ("air conditioning heating"), the temperature 

10 difference near the floor and near the ceiling will often 

exceed 10°C. With heating by radiant heat of a ceramic 

heater as well, the radiant heat is felt only in front of 

the apparatus while other locations are heated by 

convection, and therefore the temperature distribution in 

15 the vertical direction is not much different from a 

convection system. It is believed that the uniformity of 

temperature distribution in the vertical direction shown 

in Table 2 is obtained because it depends not only on 

far-infrared rays from the floor face, but also utilizes 

20 secondary radiation of far-infrared rays from the wall 

faces or ceiling face. 

[ 0099] 

Data demonstrating the cooling effect obtained by 

absorption of far-infrared rays into the indoor surface 

25 structural members of a room will now be explained. Fig. 

11 is a graph showing the results of measurement in the 

surmner season with an outdoor air temperature of 34°C-

350C, for the room exhibiting the supporting data shown in 
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The measurement data in Fig. 11 were obtained by 

operating the dehumidifying device whose overview is 

5 shown in Figs. 4A and 48, keeping the indoor humidity at 

40%. The atmospheric temperature is the temperature 

measured with the temperature sensor wrapped in aluminum 

foil to exclude the influence of radiation. The sensible 

temperature is the temperature measured with the 

10 temperature sensor covered by black body tape (tape of a 

material comprising carbon fibers and considered to be a 

black b ody), for sensitivity to the influence of 

radiation. The measurement was conducted at around 2:00 

pm, for the highest daytime temperature. 

1 5 [0101] 

As shown in Fig. 11, the atmospheric temperature on 

the floor face and near 50 cm above the floor can be 

lowered to 6-7°C lower than the outdoor air temperature. 

The temperature near 100 cm above the floor can also be 

20 lowered to 4-5°C lower than the outdoor air temperature. 

The increase in atmospheric temperature and sensible 

temperature with increasing distance from the floor face 

is believed to be due to the effects of natural 

convection, as the proportion of radiant heat absorbed 

25 into the floor face increases nearer to the floor face. 

[0102] 

Judging from Fig. 11, the sensible temperature is 

0 .2 -0.5°C lower than the atmospheric temperature in the 

region up to 50 cm above the floor. As mentioned above, 

30 the sensible temperature is the temperature when the 

temperature sensor has been rendered sensitive to the 

effects of radiation by covering it with black body tape. 

The facts indicated above, therefore, may be said to be a 

phenomenon wherein the temperature of an object is 

35 lowered in the air space between the floor and 50 cm 

above the floor, due to far-infrared rays being absorbed 
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into the stone floor which is a far-infrared emitting 

substance that has large heat capacity. 

[0103] 

In this measurement, the temperature sensor is not a 

5 heating unit or an object that emits far-infrared rays 

itself. Yet an effect of radiation being absorbed into 

the floor is observed. Consequently, the human body, as 

an object that constantly releases heat at around 36°C and 

emits far-infrared rays, feels a reduction in the 

10 sensible temperature above that shown in Fig. 11. In 

actuality, it has been confirmed that a lowering in the 

sensible temperature above the temperature difference in 

Fig. 11 is in fact felt. Fig. 11 also confirms that a 

feeling of coolness can be produced even in the space at 

15 100 cm and higher above the floor, where no notable 

difference between atmospheric temperature and sensible 

temperature is seen. 

[0104) 

As also apparent from Fig . 11, the variation in 

20 temperature with time was extremely minimal in these 

measurement results. This is in contrast to the minute 

temperature variations caused by the frequent on-off 

switching and output regulation with convection-type 

cooling. The temperature variation during cooling causes 

25 the corresponding adaptive regulating function of the 

human body to work harder, and is one of the causes of 

cooling disorder. The temperature changes shown in Fig. 

11 may therefore be considered to be more desirable for 

health. 

30 [0105) 

In the data shown in Fig. 11, the temperature 

difference between the area nea r the feet (around 50 cm 

from the floor) and the area near the head (around 150 cm 

from the floor) of the human body is kept at about 2.5°C 

35 within atmospheric temperature. This is a major 

a d vantage over convection cooling. This can also be 

considered desirable from the viewpoint of health. 
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[0106] 

As explained above, the data in Fig. 11 clearly 

indicate the superiority of the effect of cooling action 

utilizing the principle of the invention. 

5 [0107] 

According to the invention, the materials that 

radiate and absorb far-infrared rays and have a far­

infrared emissivity of 0.6 or greater (the stone of the 

floor panel and the stone powder mixed into plaster of 

10 the wall faces and ceiling face, in the embodiment 

described above), even if they are not the same 

materials, can produce a similar effect so long as they 

are materials of similar composition, although the effect 

will not be as great as with identical materials. This 

15 also applies when using ceramic materials as far-infrared 

ray materials. The heating surface is more 

advantageously on the floor face since it will produce a 

floor heating effect, but it does not have to be on the 

floor face if a floor heating effect is not to be 

20 utilized. 

25 

30 

[0108] 

For the embodiment described above, a construction 

comprising stone or stone powder (far-infrared emitting 

substance) was used for the floor face, wall faces and 

ceiling face, but the faces containing the far-infrared 

emitting substance may be any of the 3 combinations of 

floor face/wall face, wall face/ceiling face or ceiling 

face/floor face. It is important for the far-infrared 

rays emitted from one face to easily reach the other 

face. For example, if the far-infrared emitting 

substance is only present in one of the floor face, wall 

faces or ceiling face, it will not be possible to 

efficiently accomplish exchange of radiant heat between 

the faces and the effect of the invention will be 

35 reduced. 

[ 0109] 

If the combination of faces comprising the far-

/ 
I 
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infrared emitting substance is one of the 3 combinations 

of floor face/wall face, wall face/ceiling face and 

ceiling face/floor face, the far-infrared emitting 

substance will not need to be included in all of the 

5 faces, but a greater area without the far-infrared 

emitting substance will increase loss during emission and 

absorption of radiant heat at the sections that do not 

contain the far-infrared emitting substance. The heating 

effect and cooling effect utilizing radi a tion according 

10 to the invention will therefore be reduced. For the 

combinations mentioned above, it is necessary for the 

far-infrared emitting substance to be present in at least 

50%, preferably at least 60% and more preferably at least 

70% of the area of each face. The heating surface and/or 

15 cooling/dehumidifying surface may be provided in several 

divided sections. 

[0110) 

The case described above had the ground product 

(stone powder) of the far-infrared emitting substance 

20 added to plaster wall and ceiling gypsum board, but there 

is no limit to such a case so long as the building 

materials allow mixing of the ground product. For 

example, the ground product of the far-infrared emitting 

substance may be added to an interior member such as 

25 wallpaper and used for the effect of the invention. 

Also, instead of mixing the ground product into the 

indoor surface structural member material such as a 

building material, a ceramic coating technique may be 

utilized to coat the surface of the indoor surface 

30 structural member material with the far-infrared emitting 

substance. 

[0111) 

An example of applying the system of the invention 

to a room of residence was explained here, but the 

35 invention may also be utilized fo r a classroom, office, 

sports facility, library, shop, or any other room in 

which humans are active or live. The embodiment 
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described above is only for illustration, and appropriate 

building materials and methods may be selected according 

to the object and building site. 

(0112] 

5 In the construction shown in Fig. 2, cooling means 

for cooling the floor face 200 by heat conduction may 

also be provided instead of (or in addition to) the 

cooling/dehumidifying surface 301 for cooling of the 

floor face 200. The floor face 200 is constructed of a 

10 stone floor panel 205 (see Fig. 3) obtained by shaping 

and working stone, and its far-infrared absorption 

function is greater than the other sections while its 

heat capacity is also larger. Consequently, by cooling 

the floor face 200 during cooling, the far-infrared ray-

15 absorbing power of the floor face 200 is increased, and 

absorption of far-infrared rays of the indoor space into 

the floor face 200 can produce a higher cooling effect. 

However, since condensation on the floor face 200 is not 

desirable, the cooling must be of a degree that does not 

20 cause condensation. The cooling means for such cooling 

may be a construction wherein a conduit in which ground 

water or tap water flows is situated in contact with the 

rear side of the stone floor panel 205, and the stone 

floor panel 205 is cooled from the rear side. The 

25 cooling means may of course be forced cooling means 

utilizing electricity or other energy. When the floor 

face 200 is cooled, dehumidification of areas other than 

the floor face may also be carried out to lower the 

humidity in the indoor space and inhibit condensation 

30 onto the floor face 200. 

(0113] 

By modifying the shapes and placement structure of 

the fins 304 (see Fig. 4A) so that the surfaces of the 

fins on the cooling/dehumidifying surface are directed 

35 uniformly toward the floor face, wall faces and ceiling 

face, it is possible to further increase the radiant 

heat-absorbing efficiency on the cooling/dehumidifying 
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surface. The structure may be one with different 

o r ientations for several fin surfaces, with oblique 

placement of several fin s , with bent fins or with curved 

fins. 

[0114] 

Fig . 12 is a con c eptual drawing showing an overview 

of a room furnished with an indoor environment regulating 

system according to the invention, as another embodiment 

of the invention. Fig. 12 conceptually shows the view 

10 from the top downward. In Fig. 12, a living room 1 is 

shown as an example of the first r oom. A Japanese-style 

15 

20 

room 2 is situated as an example of a second room, next 

to the living room 1. The living room 1 and Japanese-

style room 2 are partitioned by an opening and closing 

paper screen 3. A storage room (closet) 22 is provided 

in the Japanese-style room 2, with a sliding door 21. A 

storage room 12 is also provided in the living room 1, 

with a sliding door 11. 

[0115] 

In the living room 1 , a connecting hallway 5 is 

included as an example of another second room, through an 

opening and c losing glass door 4. As rooms that can be 

entered and exited from the hallway 5, there are provided 

a toilet 6 and a lavatory 7 that can also be used as a 

25 dressing room, as well as a bathroom 8 situated next to 

the lavatory through an appropriate door. The doors of 

the toilet 6 and lavatory 7 on the hallway 5 side are 

ordinary wooden doors. The interior finishing of the 

toilet 6 and lavatory 7 is a structure comprising 

30 ordinary wallpaper pasted onto an underlying gypsum 

board. The numeral 9 indicates a main entrance door. A 

cold/heat radiation device 110 is also situated in the 

living room 1. The cold/heat radiation device 110 will 

be described in detail below. 

35 [0116] 

The cold/heat radiation device 110 shown in Fig. 12 

is a device that can switch between cold radiation and 
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thermal radiation. Cold radiation is the effect of 

absorption of thermal radiation around the surroundings 

as cooling, while thermal radiation is the effect of 

thermal radiation toward the surroundings as heating. 

[0117) 

As shown in Fig. 12, the cold/heat radiation device 

110 is connected to a cold and hot water generator 111 as 

an outdoor device. The cold and hot water generator 111 

has a heat pump function and generates cold water or hot 

10 water. The heat pump function operates by the same 

principle as one used in an ordinary air conditioner or 

the like. A cold water generating function alone is 

sufficient if only a cooling effect is to be obtained. 

Alternatively, a hot water generating function alone is 

15 sufficient if only a heating effect is to be obtained. 

[0118) 

When cold water is supplied to the cold/heat 

radiation device 110 from the cold and hot water 

generator 111, the fins described hereunder are cooled 

20 and dehumidification takes place by condensation. By 

this cooling, the fin surfaces function as 

cooling/dehumidifying surfaces that produce cold 

radiation. When hot water is supplied to the cold/heat 

radiation device 110 from the cold and hot water 

25 generator 111, the fins are heated and the fin surfaces 

function as heating surfaces (thermal radiation 

surfaces}. Cold water is water that has been cooled by 

the cooling function of the cold and hot water generator 

111, and hot water is water that has been heated by the 

30 heating function of the cold and hot water generator 111. 

The water droplets condensed on the fins drop down and 

are collected in a chute and drained to the outside. 

[0119) 

Fig. 13A is a top view of the cold/heat radiation 

35 device 110 as seen from above, and Fig. 138 is a front 

view of the same as seen from the direction of the arrow 

112 in Fig. 13A. The cold/heat radiation device 110 is 

( ) 

( 
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anchored to the floor face 113 and wall face 114 of the 

living room 1 (see Fig. 12). The cold/heat radiation 

device 110 is made of aluminum, and it comprises two 

groups of fins 115 and 116 extending in the vertical 

5 direction. The cold/heat radiation device 110 may be 

constructed of another metal material or alloy material 

with satisfactory heat conduction, such as iron or copper 

or an alloy thereof, for example. A plurality of fins 

115 and 116 are provided, and they form oblique angles 

10 (45° in this example) with the wall face 114. The angle 

may be selected in the range of about 15°-75°. For this 

example, the surfaces of the fins 115 and 116 function as 

cooling/dehumidifying surfaces that perform 

dehumidification by condensation or as heating surfaces 

15 that are heated. That is, the fins 115 and 116 function 

as cold and heat radiation sources. Fig. 13A shows a 

cold radiation device 110 comprising two groups of fins 

oriented obliquely with respect to the wall face 114, but 

the cold radiation device of the invention may instead be 

20 provided with a single group of fins (a group of fins all 

arranged in parallel) situated at right angles to the 

wall face 114. 

[0120] 

The fins 115 and 116 are situated at 90° angles to 

25 each other. The fins 115 and 116 are long, flat and 

thin. Fig. 14 is a conceptual drawing showing the cross­

sectional shape of a fin 115(116). As shown in Fig. 14, 

the fin 115(116) is composed of a long, thin aluminum 

sheet 115a, and on the surface there is formed a coating 

30 layer 115b with a thickness of approximately 200 ~un, made 

of a white coating material comprising a mixture with a 

ground product obtained by grinding granite exhibiting a 

numerical value of greater than 0.9 for the far-infrared 

emissivity (hereinafter referred to as "stone powder"). 

35 The particle size of the stone powder in the coating 

layer 115b is no greater than 50 µm. The content of the 
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stone powder in the coating layer 115b is 20 wt% when the 

coating material is in the hardened state (dry state). 

The coating layer functions as a cooling/dehumidifying 

surface and a heating surface. A water channel 115c is 

5 provided inside the aluminum sheet 115a, in the vertical 

direction. 

(0121] 

As shown in Fig. 138, a water supply pipe 117 runs 

through above the fins 115 and 116, while a water 

10 drainage pipe 118 runs under. The water supply pipe 117 

and water drainage pipe 118 function as supporting 

members to support the fins 115 and 116. The water 

supply pipe 117 is connected to the top end of the water 

channel 115c of each fin (see Fig. 14), while the water 

15 

20 

25 

drainage pipe 118 is connected to the bottom end of the 

water channel 115c of each fin (see Fig. 14) . Both the 

water supply pipe 117 and wat~r drainage pipe 118 are 

connected to a cold and hot water generator 111 (see Fig. 

12) located outside. 

(0122] 

The cold water or hot water supplied from the cold 

and hot water generator 111 shown in Fig. 12 is in turn 

supplied from the water supply pipe 117 to the water 

channels 115c in the fins 115 and 116, where it flows 

down the water channels 115c inside the fins 115 and 116 

and is collected at the cold and hot water generator 111 

through the water drainage pipe 118. The collected cold 

water or hot water is again cooled or heated at the cold 

and hot water generator 111 and supplied to the water 

30 supply pipe 117. Circulation of the cold water or hot 

water accomplishes temperature regulation of the fins 115 

and 116. 

[ 012 3] 

As shown in Fig. 138, both ends of the water supply 

35 pipe 117 and water drainage pipe 118 supporting the fins 

115 and 116 above and below are in turn supported by 

struts 119 and 120. The lower ends of the struts 119 and 

( 
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120 are fixed to the floor face 113, and the tops of the 

struts 119 and 120 are fixed to the wall face 114. AU­

shaped or V-shaped chute 121 is situated under the fins 

115 and 116 with its cross-section facing upward. The 

5 chute 121 is an example of water droplet-collecting means 

for collection of the condensing water droplets. The 

chute 121 has a structure supported by the struts 119 and 

120 and inclined toward the left of the drawing. The 

left end of the chute 121 is connected to a drainage pipe 

10 122 extending outside. In this example, water droplets 

that have condensed onto the fins by condensation drop 

into the chute 121 and are thus collected by the chute 

121, being finally drained outside through a drainage 

pipe 122. 

15 [0124] 

As shown in the drawing, the fins 115 and 116 are 

inclined 45° with respect to the wall face 114, and have 

their surfaces oriented in two oblique directions at 90° 

to each other, with respect to the indoor space of the 

20 living room 1 (see Fig. 12). Thus, a surface of the fin 

115 and/or the fin 116 can be seen at any location inside 

the living room l. In other words, far-infrared rays 

from any part of the living room 1 efficiently reach the 

fin 115 and/or 116. Stated differently, far-infrared 

25 rays from the fin 115 and/or 116 efficiently reach any 

part of the living room 1. Moreover, since a plurality 

of fins 115 and 116 are arranged in parallel, the total 

area of the fins can be greater compared to the occupied 

area and volume. Increasing the total area of the fins 

30 is advantageous from the standpoint of increasing the 

amount of absorption and emission of far-infrared rays, 

and of increasing the dehumidification efficiency. 

[0125] 

The floor face of the living room 1 shown in Fig. 12 

35 is boarding (or "flooring") employing an ordinary 

material. Figs. 15A to lSH are conceptual drawings 

showing the structures of building materials used for 



- 60 -

this embodiment. Fig. 15A conceptually shows the cross­

sectional structure of the floor of the living room 1. 

The floor of the living room 1 shown in Fig. 15A has a 

cross-sectional structure comprising a building frame 601 

5 over which is layered a heat-insulating panel 602 with a 

reflection surf ace made of aluminum foil 603, and a plate 

material 604. 

(0126] 

The surf ace of the plate material 604 has two 

10 varnish layers 605 and 606 formed as surface protectiv e 

layers. The varnish layer 605 contacting the plate 

material 604 comprises the same stone powder as that 

adhering to the surface of the fins, further ground to no 

greater than 0.5 µm, at 10 wt % in a dry s tate. The 

15 varnish layer 605 is obtained by mixing the stone powder 

with a varnish starting material, thoroughly agitating 

the mixture, and coating and drying it just as with 

ordinary varnish. The varnish layer 606 is the outer 

surface protective layer, and it is formed without mixing 

20 stone powder with the same varnish starting material as 

the varnish layer 605. 

25 

30 

[01 2 7] 

The wall 13 of the living room 1 shown in Fig. 12 

comprises a plaster wall face with a thic kness of 

approximately 3 mm. On the plaster wall face, the 

aforementioned stone powder (particle size: $5 µm) is 

mixed with the plaster starting material to 5 wt% in the 

hardened state. Fig. 158 shows the cross-sectional 

structure of the wall 13. Fig. 15B shows a building 

frame 1 31 that serves as the foundation for the wall 13. 

A gypsum board 133 is pasted onto the b u ilding frame 131, 

having an aluminum foil 132 on the building frame 131 

side. On the indoor space side of the gypsum board 133 

there is formed a plaster wall face 134 with a thic kness 

35 of approxima t ely 3 mm obtained by coating the 

aforementioned stone powder-containing plaster. 

[0128] 

. . 
( 

\ 

( 



- 61 -

The ceiling face wall of the living room 1 also has 

a plaster surface with the same structure as the wall 13. 

The building frame 141 serving as the foundation of the 

ceiling is shown in Fig. 15C, in which the cross-

5 sectional structure of the ceiling section of the living 

room 1 is illustrated. On the indoor space side of the 

building frame 141 there is pasted a gypsum board 143 

comprising an aluminum foil 142 on the building frame 

141, and on the indoor space side of the gypsum board 143 

10 there is formed a plaster ceiling face 144 with a 

thickness of approximately 3 mm obtained by coating the 

aforementioned stone powder-containing plaster. 

[0129) 

As shown in Fig. 12, an opening and closing glass 

15 window 14 is provided in the living room 1. On the 

indoor space side of the glass window 14 there is 

situated a metal blind 15 (Venetian blind) as a sun 

shade. 

(0130) 

20 The floor face of the Japanese-style room 2 shown in 

Fig. 12 consists of ordinary tatami mats. The wall 23 of 

the Japanese-style room 2 comprises the same plaster 

walls as the wall 13. The detailed structure is the same 

as the wall 13. The ceiling of the Japanese-style room 

25 2, not shown in this drawing, has the structure shown in 

Fig. 15C. 

[0131] 

An opening and closing glass window 24 is provided 

in the Japanese-style room 2, and an opening and closing 

30 paper screen 25 is situated on the indoor space side of 

the glass window 24. On the surface facing the paper 

screen 3 of the Japanese-style room 2 there is situated a 

storage room 22 with an opening and closing sliding door 

21. The paper screen 3 and paper screen 25 are ordinary 

35 paper screens comprising "shojigarni" pasted onto a wooden 

frame. 

[0132] 
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The sliding door 21 comprises the same stone powder 

described above in order to exhibit far-infrared ray 

emitting/absorbing properties similar to the wall 23. 

Fig. 150 is a cross-sectional view showing the cross-

5 sectional structure of the sliding door 21. The sliding 

door 21 has a basic structure with paper 152 and 153 

pasted onto a wooden frame 151. For this example, an 

aluminum foil 154 that is to serve as the far-infrared 

ray reflection surface is attached onto the surface of 

10 the paper 153 on the indoor space side, and decorative 

paper 155 containing the stone powder is pasted thereover 

(on the indoor space side). The decorative paper 155 is 

formed by mixing stone powder into a mixture (slurry) 

containing the starting material when the paper is made, 

15 and making the paper in the same manner as ordinary 

methods. For this example, a mixture containing the 

stone powder at 5 wt% in the dry state was used. 

Including stone powder in the surface paper of the 

sliding door can increase the effective area of the wall 

20 face comprising the far-infrared emitting substance, 

while reserving the area of the storage room. 

25 

30 

[0133] 

The structure of the floor of the hallway 5 shown in 

Fig. 12 is the same as the structure shown in Fig. 15A. 

The structure of the wall of the hallway 5 is the same as 

the structure shown in Fig. 158. The structure of the 

ceiling of the hallway 5 is the same as the structure 

shown in Fig. 15C. 

[0134] 

The structure of the door 11 of the storage room 12 

of the living room 1 in Fig. 12 will now be explained. 

Fig. 15E shows the cross-sectional structure of the door 

11. The stone powder is included on the surface of the 

door 11 on the indoor space side. More specifically, the 

35 door 11 has a basic structure in which plywood 162 and 

163 boards are attached to both sides of a wooden frame 

161. The plywood 163 is situated on the indoor space 

( 

( 



- 63 -

side of the living room 1, a sheet of aluminum foil 164 

that reflects far-infrared rays is attached to the 

surface on the living room 1 side, and decorative paper 

165 made of the same material as the decorative paper 155 

5 and having a cross-grain pattern is attached onto the 

aluminum foil 164. By including the stone powder on the 

surface of the door 11 it is possible to increase the 

effective area of the wall face comprising the far­

infrared emitting substance, in the living room 1 . This 

10 structure is particularly effective when the door 11 has 

a large area. 

[0135] 

Figs. 16A and 168 are conceptual drawings for 

explanation of the principle of the cooling effect for 

15 the present embodiment. Fig. 16A shows the same plan 

view as Fig. 12, and Fig. 168 shows a cross-sectional 

view of Fig. 16A cut along line A-A'. In the cold and 

hot water generator 111, cold water is produced and 

supplied to the cold/heat radiation device 110 to 

20 accomplish cooling. 

[0136] 

When the fins 115 and 116 (see Figs. 13A and 138) of 

the cold/heat radiation device 110 are cooled by the cold 

water, the temperature of the stone powder in the coating 

25 layer on the fin surfaces is lowered. As a result, the 

radiant energy density (radiant energy quantity) of the 

far-infrared rays from the fins of the cold/heat 

radiation device 110 is lower than the radiant energy 

density from the floor 41, walls 13 and ceiling 42 of the 

30 living room 1 comprising stone powder of the same 

composition (specifically, the value measured with a heat 

radiation meter is smaller) . Because of this difference, 

relative thermal radiation is produced from the floor 41, 

walls 13 and ceiling 42 of the living room 1 toward the 

35 fins of the cold/heat radiation device 110. Since the 

same far-infrared emitting substance (stone powder) is 

contained in both, migration of heat energy occurs at 
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high efficiency via the far-infrared rays between the 

floor 41, walls 13 and ceiling 42 of the living room 1 

(hereinafter these will be collectively referred to as 

the "inner surface") and the fins of the cold/heat 

5 radiation device 110. In Figs. 16A and 16B, this thermal 

radiation (far-infrared rays) is conceptually indicated 

by arrows. 

[0137] 

Since the principle of high thermal radiation energy 

10 exchange efficiency between identical molecular species 

is active during this time, the radiant energy density 

between them is greater than between non-identical 

molecules. Thus, the inner surface section of the living 

room 1 comprising the stone powder has a reduced heat 

15 radiation quantity emitted toward the indoor space, by 

the amount of far-infrared rays absorbed by the cold/heat 

radiation device 110. As a result, the difference from 

the heat radiation quantity emitted by the human body 

increases, and the far-infrared rays emitted from the 

20 human body become more easily absorbed into the inner 

surface section of the living room 1 which comprises the 

stone powder. Naturally, thermal radiation will also be 

directly absorbed into the cold/heat radiation device 110 

from the body of a human in the living room l. A cooling 

25 effect is thus obtained. 

[0138] 

Figs. 17A and 17B are conceptual drawings 

illustrating the cooling action. Fig. 17A shows a plan 

view, and Fig. 17B shows a cross-sectional view similar 

30 to Fig. 168. As explained above, the inner surface of 

the living room l is in a state that it readily absorbs 

thermal radiation from the body of a human in the living 

room 1, and therefore thermal radiation from the body 43 

to the surroundings is absorbed into the wall 13 or 

35 ceiling 42 and also the floor 41, as indicated by the 

arrows in Figs. 17A and 178. This causes heat to escape 

from the body 43 in the form of thermal radiation, 

( 

( 
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producing a cooling effect that causes a feeling of 

coolness. This cooling effect takes the form of 

absorption of heat from the body as thermal radiation 

into the entire inner surface of the room. Consequently, 

5 even though the heat absorption power per unit area of 

the wall, etc., is smaller than that of the cold/heat 

radiation devi ce 110, it is effective for the area o f the 

room inner surface and the angle range surrounding the 

body. Since a human emits thermal radiation evenly 

10 toward its surroundings, heat is absorbed in the f orm of 

thermal radiation across the entire inner surface of the 

room, thereby causing heat to be efficiently absorbed 

from the human body 43 and producing a cooling effect 

(low sensible temperature). 

15 [0139] 

When stone powder of a different type (stone powder 

with a different composition) than the stone powder in 

the inner surface of the living room 1 is used in the 

coating layer 115b of the fins 115 and 116 (see Fig. 13), 

20 heat exchange takes place by radiation between different 

molecules, and therefore the energy exchange efficienc y 

is lower than when using the same material, similar to 

the effect of electromagnetic energy exchange between 

resonance circuits with different resonance frequencies. 

25 The cooling effect described above is therefore reduced. 

[0140) 

With the cooling action, the metal blind 15 (see 

Fig. 12) serves as a shielding surface, thus minimizing 

the phenomenon of absorption of thermal radiation from 

30 the glass window 14 into the cold/heat radiation device 

110. Consequently, this helps prevent the phenomenon 

whereby thermal radiation from outside is absorbed by the 

cold / heat radiation device 1 10, causing wasteful 

consumption of energy to be prevented. 

35 [0141) 

While efficiency is low, emission of far-infrared 

rays is produced during this time from the paper screen 3 
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as well to the cold/heat radiation device 110 (assuming 

that the paper screen 3 is closed) . This state is 

conceptually shown by the arrow in Fig. 16A. Emission of 

far-infrared rays from the paper screen 3 to the 

S cold/heat radiation device 110 lowers the temperature of 

the paper screen 3. As a result, the heat radiation 

quantity from the paper screen 3 is reduced. Since the 

paper screen 3 is thin, the heat radiation quantity of 

the paper screen 3 into the Japanese-style room 2 is also 

10 reduced. As a result, the heat radiation quantity from 

the wall 23, the sliding door 21 and the ceiling face of 

the Japanese-style room 2, which is not shown here 

(hereinafter referred to as the inner surface of the 

Japanese-style room 2) toward the paper screen 3 

15 increases, thus lowering the temperature of the inner 

surface of the Japanese-style room 2. This state is 

conceptually shown by the arrow indicated in the 

Japanese-style room 2 of Fig. 16A. Since the paper 

screen 3 is thin, this phenomenon can be interpreted as a 

20 phenomenon in which thermal radiation from the inner 

surface of the Japanese-style room 2 passes through the 

paper screen 3 and is absorbed into the cold/heat 

radiation device 11 0 and the inner surface of the living 

room 1. 

25 [0142] 

Because of this effect, the temperature of the inner 

surface of the Japanese-style room 2 is lowered and the 

heat radiation quantity from the inner surface of the 

Japanese-style room 2 into the Japanese-style room 2 is 

30 reduced. As a result, the heat radiation quantity from 

the body 44 of a human in the Japanese-style room 2 

toward the inner surf ace of the Japanese-style room 2 

increases, as conceptually shown by the arrow in Fig. 

17A. This results in loss of more heat from the body 44 

35 than a situation without this series of effects, so that 

a cooling effect is obtained. Naturally, thermal 

radiation from the body 44 to the ceiling face, which is 

( ) 

( 
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not shown, also contributes to the cooling effect. This 

cooling effect is less than in the living room 1 because 

of the intervening paper screen 3. 

[0143] 

If the paper screen 3 is left open, thermal 

radiation is produced directly from the inner surface of 

the Japanese-style room 2 toward the cold/heat radiation 

device 110 and the inner surface of the living room 1. 

This reduces loss caused by the intervening paper screen 

10 3, and therefore the temperature of the inner surface of 

the Japanese-style room 2 is lowered to a more notable 

15 

degree than when the paper screen 3 is closed, and the 

cooling effect is greater. 

(0144] 

In this embodiment, a cooling effect can be obtained 

even at locations not in view of the cold/heat radiation 

device 110. This principle will now be explained. fig. 

18 conceptually shows a case where the cold/heat 

radiation device 110 is operated for cooling, with the 

20 glass door 4 between the hallway 5 and living room 1 open 

in the configuration shown in Fig. 12. 

(0145] 

When the cold/heat radiation device 110 is cooled, 

thermal radiation takes place from the wall face A 

25 section of the hallway 5 toward the cold/heat radiation 

device 110, causing the temperature of the wall face A to 

be lowered. Lowering of the temperature of the wall face 

A produces a temperature difference between it and the 

wall face B within the range of its view, thus creating 

30 thermal radiation from the wall face B to the wall face A 

due to the tendency to eliminate the temperature 

difference, and lowering the temperature of the wall face 

B. By the same logic, thermal radiation is produced from 

the wall face C to the wall face B, thus lowering the 

35 temperature of the wall face C. These heat energy 

migration effects involve thermal radiation between 

identical molecu l ar species and therefore ta ke place at 
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Also, when the cold/heat radiation device 110 is 

cooled, thermal radiation takes place from the wall face 

5 D section of the living room 1 toward the cold/heat 

radiation device 110, causing the temperature of the wall 

face D to be lowered. Lowering of the temperatu r e of the 

wall face D produces a temperature difference between it 

and the wall face E within the range of its view, thus 

10 creating thermal radiation from the wall face E to the 

wall face D due to the tendency to eliminate the 

temperature difference, and lowering the temperature of 

the wall face E. By the same logic, thermal radiation is 

produced from the wall face F to the wall face E, thus 

15 lowering the temperature of the wall face F. Also by the 

same logic, thermal radiation is produced from the wall 

face G to the wall face F, thus lowering the temperature 

of the wall face G. 

[0147] 

20 These effects are exhibited in the same manner with 

25 

the floor and the ceiling. Due to these effects, the 

far-infrared rays emitted by the body are readily 

absorbed into the floor face, wall faces and ceiling face 

of the hallway 5 even at the location indicated by 5' in 

the hallway 5, and a cooling effect is exhibited at that 

location. That is, a pathway of thermal radiation 

through building materials comprising the same far­

infrared emitting substance is formed to the cold/heat 

radiation device 110, even at locations that are not in 

30 the range of view of the cold/heat radiation device 110, 

such that an environment is created in which thermal 

radiation from the body is readily absorbed into the 

surroundings. This effect, however, is less than the 

cooling effect in the living room 1 due to dissipation of 

35 the far-infrared rays and loss due to the influence of 

other materials. 

[0148] 

( . 

( 
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The effect also functions effectively in the 

interior of the living room 1 or Japanese-style room 2. 

In the living room 1, for example, thermal radiation from 

the wall face at locations not in view of the cold/heat 

5 radiation device 110, due to furniture not shown in the 

drawing, is indirectly absorbed into the cold/heat 

radiation device 110 via the wall faces at locations that 

are in view of the cold/heat radiation device 110. This 

increases the far-infrared ray-absorbing capacity of the 

10 wall faces at locations not in view of the cold/heat 

radiation device 110, so that those sections of the wall 

faces contribute to the cooling function. Although parts 

of the wall faces will not be in view of the cold/heat 

radiation device 110 when the paper screen 3 is opened in 

15 the Japanese-style room 2, thermal radiation toward the 

cold/heat radiation device 110 will still be produced via 

the wall faces at the locations in view of the cold/heat 

radiation device 110, so that sections of the wall faces 

not in view of the cold/heat radiation device 110 will 

20 contribute to the cooling effect in the Japanese-style 

room 2. 

(0149) 

When the stone powder contained in the coating layer 

115b (see Fig. 14) of the fins of the cold/heat radiation 

25 device 110, the stone powder contained in the wall f ace D 

and the stone powder contained in the wall face E are of 

different types, loss occurs in stages during the 

exchange of thermal radiation discussed in relation to 

Fig. 18, so that a significant cooling effect cannot be 

30 obtained. 

(0150) 

The explanation given above concerns the cooling 

effect, but the direction of the thermal radiation is 

opposite for the heating effect, and temperature of the 

35 wall faces, etc., comprising the far-infrared emitting 

substance increases to produce a heating effect. 

[0151) 
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The sliding door explained below may be used instead 

of the paper screen 3 in Fig. 12. Fig. lSF shows a 

sliding door 31 that can be used instead of the paper 

screen 3. The sliding door 31 has a structure with 

5 decorative paper 33 and 34 attached to both sides of a 

wooden frame 32. The decorative paper 33 and 34 contains 

the same stone powder as the decorative paper 155 (see 

Fig. 150) at a content of 5 wt% when dry. 

10 

[0152] 

Since the sliding door 31 contains the stone powder 

on both sides, migration of heat energy via far-infrared 

rays between the living room 1 and Japanese-style room 2 

can take place with low loss. The function of the 

sliding door 3 1 will now be explained for cooling, as an 

15 example. The function of the sliding door 31 will now be 

explained for cooling, as an example. The decorative 

paper 33 is on the Japanese-style room 2 side and the 

decorative paper 34 is on the living room 1 side. Also, 

the sliding door 31 is closed. 

20 [0153] 

25 

30 

During cooling, the far-infrared rays emitted from 

the decorative paper 34 of the sliding door 31 are 

absorbed into the cold / heat radiation device 110 on the 

living room 1 side and into the inner side (wall face, 

etc.) of the living room 1 . Migration of thermal 

radiation energy takes place during this time more 

efficiently than with the paper screen 3, due to the 

principle of highly efficient exchange of thermal 

radiation between identical molecular species. 

[0154] 

The decorative paper 34 that has lower temperature 

(a lower state of thermal energy) because of this 

phenomenon more readily absorbs thermal radiation from 

the decorative paper 33, and as a result the far-infrared 

35 rays being emitted from the decorative paper 33 are 

absorbed into the decorative paper 34, thus lowering the 

temp erature of the decorative paper 33. Migration of 

( 

( 
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heat energy also takes place with low loss due to the 

principle that migration of thermal radiation energy 

between identical molecular species occurs with low loss. 

[0155] 

5 Far-infrared rays are also absorbed from the walls 

23 and sliding door 21 of the Japanese-style room 2 into 

the decorative paper 33 which is at reduced temperature. 

This migration of heat energy also takes place with low 

loss since it is between identical molecular species. 

10 Thus, the temperature of the walls 23 and sliding door 21 

of the Japanese-style room 2 is reduced and, due to the 

same principle as shown in Fig. 17A, the heat radiation 

quantity absorbed into the surroundings from the body 44 

of a human that is present in the Japanese-style room 2 

15 increases, so that a cooling effect is exhibited. 

[0156] 

Stone powder-containing paper screen paper may also 

be used as the paper for the paper screen 3. In this 

case, paper with the same material as the decorative 

20 paper 33 or 34 is employed as the paper screen paper. 

Because such paper screen paper contains stone powder, an 

effect similar to the sliding door 31 is obtained. 

[0157] 

The floor face of the living room 1 or hallway 5 may 

25 also be a stone floor constructed of a stone panel 

obtained by forming granite as stone powder starting 

material into a panel. Also, the floor heating device 

may be incorporated into the stone floor for floor 

heating. In this case, far-infrared rays emitted from 

30 the stone floor are re-emitted secondarily from the stone 

floor and from the wall faces and ceiling face containing 

the stone powder of the same material, so that a heating 

effect can be obtained by emission of far-infrared rays 

from the entire room. The wall faces or ceiling face may 

35 also be constructed of stone panel in addition to the 

floor face (or the floor face may be an ordinary floor 

face such as flooring). The stone is naturally not 
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Examples of the cooling/dehumidifying surface which 

dehumidifies by condensation according to the invention, 

5 or the heating surface which is heated, include not only 

the fins 115 and 116 shown in Fig. 13A and 138, but also 

simple surfaces. In such cases, a parts of the wall 

faces of the first room, for example, will serve as the 

cooling/dehumidifying surface provided with a coating 

10 layer comprising the ground ceramic material on a metal 

surface. If the surface is cooled it functions as a 

cooling / dehumidifying surface for dehumidification by 

condensation, and if it is heated it functions as a 

heating surface. The surface may also have a structure 

15 with irregularities or pleats to ensure sufficient 

surface area. Also, water droplet-drainage means such as 

a chute 121 is provided on the surface to collect the 

condensed water droplets. The structure of the water 

droplet-drainage means may have a design in which a 

20 trough is formed in the surface and water droplets are 

collected through the trough for drainage. 

[0159] 

A rectangular columnar or circular columnar surface 

may also be used instead of laminar fins to form the 

25 cooling/dehumidifying surface or heating surface. In 

this case, a coating layer containing the far-infrared 

emitting substance may be formed on the surface of a 

rectangular columnar or circular columnar metal pipe, to 

form a structure in which cold water or hot water flows 

30 through the metal pipe. 

[0160] 

In the example shown in Fig. 12, a metal blind 15 is 

situated on the indoor side of the glass window 14, so 

that thermal radiation from the glass window 14 is not 

35 absorbed into the cold / heat radiation device 110 during 

cooling, or thermal radiation from the cold/heat 

radiation device 110 is not absorbed into the glass 
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window 14 during heating. A coating layer similar to the 

coating layer 115b formed on the surfaces of the laminar 

fins 115, 116 explained above (see Fig. 14) may also be 

formed on the indoor side surface of the blind 15. This 

5 can provide the same function as the wall 13, on the 

indoor side of the blind 15. 

(0161] 

A roll curtain may also be used instead of the blind 

15. An example of the cross-sectional structure of such 

10 a roll curtain is shown in Fig. 15G. Fig. 15G shows the 

cross-sectional structure of a roll curtain 170 that has 

been drawn out from a wound roll. The roll curtain 170 

has a decorative sheet 171 situated on the outdoor side 

(window side) and a stone powder-containing decorative 

15 sheet 173 placed on the indoor side, with an aluminum 

foil 172 functioning as a reflective layer against 

thermal radiation, situated between them. The decorative 

sheets 171 and 173 have resin material bases. The 

decorative sheet 173 is exposed on the indoor side and 

20 has a stone powder content of 10 wt%. The stone powder 

used is the same as contained in the coating layer 115b 

of the fins 115 and 116. In this example, the roll 

curtain 170 can function similar to the wall face 134. 

(0162] 

25 As one example of a construction in which the same 

far-infrared emitting substance as the 

cooling/dehumidifying surface is included in the wall 

faces, there may be mentioned an example in which the 

far-infrared emitting substance is added to the 

30 wallpaper. This example will now be explained. Fig. 15H 

is a conceptual drawing showing an example of the cross­

sectional structure of a wall on which wallpaper is 

pasted. A wall 13' is shown in Fig. 15H. The wall 13' 

can be used instead of the wall 13 of Fig. 158. 

35 (0163] 

Fig. 15H also shows the building frame 131, with a 

gypsum board 133 with aluminum foil 132 attached thereto, 
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mounted on the indoor side of the building frame 131. 

Aluminum foil 181 is also attached onto the indoor side 

surface of the gypsum board 133, and wallpaper 182 is 

attached onto the indoor side surface of the aluminum 

5 foil 181. 

(0164) 

The wallpaper 182 comprises 3 wt% of the stone 

powder included in the coating layer 115b of the fin 115 

of Fig. 14. Stone powder can be added to the wallpaper 

10 182 by using a mixture of the stone powder in a slurry 

comprising a mixture of the starting materials, during 

production by paper making. In Fig. 15H, the aluminum 

foil 181 functions as a reflective sheet so that far­

infrared rays emitted from the wallpaper 182 do not reach 

15 the gypsum board 133 side, and so that far-infrared rays 

from the gypsum board side do not reach the wallpaper 

182. The gypsum board 133 functions as a heat-insulating 

layer so that heat from the wallpaper 182 does not escape 

to the building frame 131 or so that heat from the 

20 building frame 131 does not reach the wallpaper 182. 

[0165) 

Since the heat exchange capacity of · the wallpaper 

182 can be increased in this construction, a significant 

effect can be expected when the wall face is used as an 

25 indirect cold radiation source or thermal radiation 

source. Also, the wallpaper-attached wall structure can 

reduce cost and minimize labor. When the wallpaper is 

composed of a resin sheet, stone powder may be added to 

the resin sheet starting material. 

30 [0166] 

This particular example is an example of an indoor 

environment regulating system comprising a 

cooling/dehumidifying surface that contains a far-

inf rared emitting substance, wallpaper that contains a 

35 substance composed of the same molecules as the molecules 

composing the far-infrared emitting substance in the 

cooling/dehumidifying surface, a far-infrared ray 

( 
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reflection surface (metal sheet) situated on the rear 

sid e of the wall face, and a heat-insulating material 

situated on the rear side of the ref l ection surface. The 

content of the substance in the wallpaper is preferably 

5 between 1 wt% and 20 wt%. 

[0167] 

The e xample described above employs granite, which 

is natural stone, as the far-infrared emitting sub stance, 

but the far-infrared emitting substance may be other 

10 natural stone (for example, basalt or the like) or a 

ceramic material (for example, silicon carbide, silicon 

nitride, glass or the like). The far-infrared emitting 

substance that has been worked into a panel may also be 

attached to the wall face or ceiling. A panel-shaped 

15 building material may of course include aggregates or 

additives as components in addition to the far-infrared 

emitting substance. In order to efficiently emit and 

absorb far-infrared rays, the far-infrared emitting 

substance is preferably exposed as much as possible to 

20 the indoor space. However, it is not a significant 

problem if the far-infrared emitting substance is not 

directly exposed to the indoor space, so l o ng as it is 

covered with a protective layer of no greater than about 

1 mm (for example, a paint layer, varnish layer, 

25 wallpaper or the like) . 

[0168] 

Different types of far-infrared emitting substances 

may also be used in admixture. In such cases, ,the mixing 

proportion of the far-infrared emitting substances is 

30 preferably the same in at least one face selected from 

among the floor face, wall faces and ceiling face and in 

the surface layer of the fins. 

[0169] 

Ordinary glass used in windows and doors is also a 

35 satisfactory far-infrared emitting substance and may be 

used as the far-infrared emitting substance for the 

invention. For example, a swinging door fitted with a 
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glass plate may be used instead of the paper screen 3 in 

the construction shown in Fig. 12, and the fins of the 

cold/heat radiation device 110 may be coated with the 

ground product of the glass plate fitted in the swinging 

5 door. The wall faces and ceiling faces of the living 

room 1, Japanese-style room 2 and hallway 5 may also be 

composed of plaster containing a ground product of the 

glass fitted in the swinging door. The content of the 

ground glass in the plaster is the same as explained in 

10 relation to Figs. 12-15H. With such a construction, 

migration of heat energy through the glass plate-fitted 

swinging door used instead of the paper screen 3 will 

allow the cooling effect or heating effect in the living 

room 1 to reach the Japanese-style room 2. 

15 [0170] 

The fins 115, 116, or a simple surface that can be 

used instead of the fins 115, 116 as explained above, may 

also be composed of an integral solid consisting of or 

comprising the far-infrared emitting substance. As such 

20 integral solids there may be mentioned sintered ceramic 

plates. Also, water droplets condensed on the fins 115 

and 116 may be collected and recovered in a drainage tank 

or the like, without being drained outdoors. In 

addition, the surfaces of the fins or the wall face of 

25 the plaster may be polished to expose the ground 

infrared-emitting material, so that more efficient 

exchange of thermal radiation can take place. 

[0171] 

The embodiment described above is assumed to be an 

30 example of applying the invention to a room of residence, 

but the invention may also be generally utilized for a 

classroom, office, sports facility, library, shop, or any 

other room in which humans are active or live. The 

embodiment described above is only for illustration, and 

35 appropriate building materials and methods may be 

selected according to the object and building site. 

[0172] 

( I 
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Also, the embodiment described above employs a 

single type of stone powder in the inner surfaces of the 

room, but use of a first type of stone powder on a first 

wall face surface and a second type of stone powder on a 

5 second wall face surface, for example, is possible. In 

this case, the fins 115 and 116 of the cold/heat 

radiation device 110 may be coated with a mixture of the 

first type of stone powder and second type of stone 

powder. 

10 [0173] 

Also, water is used as the medium in the cold and 

hot water generator 111 shown in Fig. 12, but a medium 

other than water may be used instead. For cooling alone, 

for example, a known refrigerant, such as ammonia, may be 

15 used as the medium. For heating alone, oil or steam may 

be used as the medium. 

[0174] 

The embodiment described above may be summarized as 

an indoor environment regulating system having a 

20 construction provided with a room comprising a far­

infrared emitting substance in at least part of the inner 

surface, a cooling/dehumidifying surface that is situated 

in the room, comprises a substance composed of the same 

molecules as the molecules composing the far-infrared 

25 emitting substance and is cooled for dehumidification by 

condensation, and another room adjacent to the 

aforementioned room, wherein at least part of the inner 

surface of the another room contains a substance composed 

of the same molecules as the molecules composing the far-

30 infrared emitting substance. It may also be described as 

an indoor environment regulating system having a 

construction wherein a first section in view of the 

cooling/dehumidifying surface and a second section not in 

view thereof are present on the inner surface of the 

35 another room, the first section and second section 

contain a substance composed of the same molecules as the 

molecules composing the far-infrared emitting substance, 
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and the first section and second section are in view of 

each other. 

[0175] 

Application examples of the present embodiment will 

5 now be described. 

Stone is often already used in the wall faces or 

floor faces of public facility or hotel lobbies, for 

example. Using such a facility as an example for 

application of the invention, a cold/heat radiation 

10 device 110 (see Figs. 13A, 138 and Fig. 14) comprising 

fins coated with a ground product of the same stone (the 

stone used in the wall face or floor face) may simply be 

installed in the existing indoor space in such cases. 

15 

[0176] 

As another example of applying the principle of the 

cooling effect according to the invention, there may be 

mentioned a case using clothing that employs fiber or a 

woven fabric (or nonwoven fabric) comprising a far­

infrared emitting substance. In this case, thermal 

20 radiation takes place from the body to the clothing 

during cooling operation, and thermal radiation in turn 

takes place from the clothing to the fins of the 

cold/heat radiation device and the inner surface of the 

room, so that finally heat from the body is absorbed into 

25 the fins of the cold/heat radiation device, thus 

exhibiting a cooling effect. In other words, in an 

indoor environment regulating system comprising the 

structure of the living room 1 shown in Fig. 12 or the 

like, the clothing functions as a part of the system, 

30 absorbing heat from the body in the form of thermal 

radiation. When clothing is being worn, the opposite 

action occurs during heating, with a lower heat radiation 

quantity escaping from the body to the surrounding 

environment, thus increasing the heating effect. 

35 [0177] 

For example, if nightwear (sleeping wear) is 

prepared as such clothing, it is possible to sleep in a 

( 

( 
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cool environment when the temperature is hot and in a 

warm environment when the temperature is cold, if a 

configuration similar to the construction of the living 

room 1 or Japanese-style room 2 shown in Fig. 12 is used 

5 for the bedroom. Application to bedding can also produce 

a similar effect, if the same material as the far­

infrared emitting substance is included in pillows, 

futons and the like. This also applies to sofas, 

cushions, rugs and the like. The proportion of the far-

10 infrared emitting substance included may be the same for 

a wall face or the like. 

[0178] 

This application example is an example of a cooling 

method and system for the human body in an environment, 

15 wherein the environment includes a first room comprising 

a far-infrared emitting substance in at least part of the 

inner surface and a cooling/dehumidifying surface 

situated in the first room and comprising a substance 

composed of the same molecules as the molecules composing 

20 the far-infrared emitting substance, which is cooled and 

accomplishes dehumidification by condensation, and 

wherein cooling of the cooling/dehumidifying surface 

causes thermal radiation emitted from a human wearing 

clothing comprising a substance composed of the same 

25 molecules as the molecules composing the far-infrared 

emitting substance to be absorbed into the substance in 

the clothing, and thermal radiation from the substance in 

the clothing to be absorbed into the inner surface and 

cooling/dehumidifying surface. The invention may also 

30 use bedding instead of clothing. This application 

example will be explained in further detail below. 

[0179] 

According to another application example of the 

above embodiment, the room of the invention is not 

35 limited to a room used by humans for living, but may be 

instead a room for storage of articles (for example, a 

warehouse room) or a space for display (for example, a 
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showcase). Some foods must be kept away from high 

temperature, while others are preferably not exposed to 

cold air. Still others must be kept from high 

temperature but are also preferably not exposed to 

5 excessive cold. A room or space applying a system of the 

invention may be utilized for the storage and display of 

such foods. 

(0180] 

Also, a cooling system (or heating system) utilizing 

10 the invention may also be introduced into a room for 

breeding of animals. Introducing a cooling system 

utilizing the invention into a room for breeding of farm 

animals, for example, can reduce the burden on farm 

animals during seasons with high atmospheric temperature. 

15 [0181] 

The room according to the invention is not limited 

to a room in a structure such as a house or building, and 

may be a room for vehicles. As vehicles there may be 

mentioned cars, buses, railway vehicles, ships and 

20 aircraft. Since the cooling function utilizing the 

invention operates with low power consumption compared to 

cooling with an air conditioner, it can be suitably 

applied to automobiles which have limited electric power 

capacity. It is especially suitable for utilization in 

25 small vehicles and electric vehicles. 

[0182] 

The present invention allows exchange of heat energy 

through indirect thermal radiation even in locations that 

are not in view of a cold energy source, to utilize those 

30 locations as secondary (or indirect) cold energy sources, 

thus allowing a cooling effect to be effectively 

exhibited even in spaces having configurations in which 

the view in the space is blocked by a sheet back rest, 

such as in a passenger vehicle. When the invention is 

35 applied to a passenger vehicle space, the inside surfaces 

of the doors may be utilized as the wall faces in the 

space. Also, the far-infrared emitting substance may be 

( 

( 
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included in the exposed surface of the sheet to ensure 

the maximum area of the far-infrared emitting substance­

containing face. 

[0183] 

The invention may also be applied to an office. In 

such cases, the far-infrared emitting substance may be 

included not only in the inner surfaces such as the wall 

faces of the room but also in the surfaces of partitions 

(also known as screens or partitionings) that divide 

10 working spaces and the like, in order to utilize the 

partitions as secondary cold radiation sources (or 

secondary thermal radiation sources) similar to the wall 

faces. In order to provide such a function in the 

partitions, the surface material covering the surfaces of 

15 the partitions (a surface material made of a woven 

fabric, for example) may be impregnated with a binder 

comprising the ground product of a far-infrared emitting 

substance. 

[0184] 

20 Table 3 below shows the results of measuring the 

25 

heat radiation quantity of the fins 115 of the cold/heat 

radiation device 110 (see Figs. 13A and 138), the wall 

face sections indicated by [l]-[9], and a ·human body, for 

the embodiment shown in Fig. 12, using a heat radiation 

meter. The heat radiation meter used here was an ER-lPS 

by Optex, Inc. (measuring wavelength range: 7-20 µm), at 

a distance of 1 m from the measuring section to be 

measured. Measurement for the fins 115 was conducted at 

the center of the area of alignment of the fins 115. The 

30 measurement was carried out at nighttime in order to 

avoid the effects of sunlight. The temperature of the 

fins was set to the preset temperature of the controller 

accessory of the cold and hot water generator 111. For 

human body measurement, the human was an adult male (body 

35 weight: 64 kg), wearing a cotton T-shirt on the upper 

body and cotton breeches on the lower body. Each 

measurement was conducted after 1 hour had passed after 



- 82 -

setting the temperature. The paper screen 3 in Fig. 12 

was closed, the glass door 4 was open, and the door of 

the toilet 6 was closed. The outdoor air temperature was 

approximately 28°C. The area ratio between the total area 

5 of the fins and the living room 1 (wall faces + ceiling 

face} was approximately 1:20. The floor was ordinary 

flooring. 

[0185] 

The measured values obtained with the heat radiation 

10 meter are values displayed on the display of the heat 

radiation meter, and are the raw data without emissivity­

based calibration. The values are also arbitrary values, 

and the absolute values thereof do not directly represent 

the values for the thermal radiation energy. For 

15 simplicity of explanation and convenience, however, data 

for the heat radiation meter shown in Table 3 will be 

referred to as heat radiation quantities hereunder. 

Since the heat radiation quantities in Table 3 are within 

the measurable range of the heat radiation meter (several 

20 tens of square cm under these conditions), they may be 

considered to correspond to the heat radiation quantity 

per unit area. 

[0186] 

/ .. 

~ 

( 
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Table 3 

Fin Fin Fin Fin 
temperature temperature temperature temperature 

9oc 11°C 20°c 25°C 
Fin 248 253 285 318 
Living room [ l] 298 300 304 308 
Living room [2] 300 300 306 309 
Paper screen, 301 305 307 309 
living room side 
[3] 
Paper screen, 300 305 307 308 
Japanese room side 
[ 4 J 
Japanese-style room 305 307 309 309 
wall face [5] 
Japanese-style room 305 306 308 308 
wall face [ 6] 
Japanese-style room 305 305 308 308 
wall face [ 7] 
Hallway wall face 302 306 308 309 
[8 ] 
Toilet wall face 309 310 310 310 
[ 9] 
Human 321 320 325 327 
Living room indoor -25°C -25°C -27°C -28°C 
temperature 

5 [0187] 

10 

The fin temperatures 9°C and ll°C correspond to 

cooling operation, a fin temperature of 20°C corresponds 

to very moderate cooling, and a fin temperature of 25°~ 

corresponds to the cold/heat radiation device 110 being 

in the OFF state during summer season. Since the 

circulating water in the cold/heat radiation device 110 

requires a long time to reach room temperature even when 

the cold and hot water generator 111 power is OFF, it is 

set to 25°C to simulate the OFF state of the cold/heat 

15 radiation device 110 during summer season. 

[0188] 

As seen from Table 3, the heat radiation quantity of 

a human is a larger value than the heat radiation 

quantity of a fin or wall face. Because of this 

20 difference in values, relative thermal radiation is 

produced from the body to the fin or wall face, and the 
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thermal radiation energy emitted from the body is 

absorbed into the fin or wall face. 

[0189] 

Fig. 19 shows part of the data of the Table 3 in 

graph form. The shift of the circular plot points in 

Fig. 19 reflects the phenomenon of reduced heat radiation 

quantity from the wall 13 in the living room 1, by 

lowering the temperature of the fins. In other words, it 

reflects the phenomenon whereby lowering of the fin 

10 temperature increases the thermal radiation energy 

absorbed from the wall 13 to the cold/heat radiation 

device 110, by which the temperature of the wall 13 

simultaneously decreases and the amount of far-infrared 

rays emitted from the wall 13 decreases. 

15 [0190] 

Table 3 shows the measured value for the heat 

radiation quantity from a human standing in the center of 

a living room. As clearly seen in Table 3, lowering of 

the fin temperature causes the heat radiation quantity 

20 from the human to also decrease, though slightly. This 

can be understood to be a phenomenon in which the amount 

of thermal radiation from the body absorbed by the 

surroundings is increased in proportion to the reduction 

in fin temperature, and therefore the heat of the body 

25 decreases, thus reducing the heat radiation quantity from 

the body. 

[0191] 

This is experienced as excessive cooling (i.e. 

coldness) when the fin temperature is 9°C or 11°C, or a 

30 weak cooling effect when the fin temperature is 20°C. 

With this embodiment, a fin temperature of about 15-17°C 

was found to be a comfortable cooling environment, 

although this depended on the outdoor air temperature and 

outdoor humidity. 

35 [0192] 

When the circular plot points and black circular 
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plot points in Fig. 19 are compared, the face of the 

paper screen 3 on the living room side has a larger heat 

radiation quantity value with respect to the reduction in 

fin temperature, compared to the wall 13. That is, the 

5 degree of cooling that followed the fin temperature was 

lower than the wall 13. 

(0193] 

This suggests that since the paper screen 3 is 

composed of ordinary paper screen paper that does not 

10 contain granite as the far-infrared emitting substance 

contained in the coating layer of the fins, it cannot 

utilize the principle of maximum heat transfer efficiency 

of thermal radiation energy by thermal radiation between 

identical molecular species, and therefore the loss 

15 during heat transfer of thermal radiation energy is 

significant. 

(0194] 

Thus, the data represented by the circular plot 

points and the black circular plot points may be said to 

20 indicate the superiority of utilizing the phenomenon in 

which heat transfer by thermal radiation between 

identical molecular species takes place at high 

efficiency. 

25 

[ 0195] 

Judging from Table 3, lowering the fin temperature 

from 25°C to 9°C lowers the heat radiation quantity of the 

fins by 70. Consequently, when a human in an environment 

with a fin temperature of 25°C (heat radiation quantity: 

327) moves to an environment with a fin temperature of 

30 9°C, the difference in heat radiation quantity between the 

body and the fins increases from 9 to 79, and the heat 

radiation quantity absorbed into the fins from the body 

increases by the difference of 70, and a feeling of 

coolness is perceived by that amount. 

35 [0196] 

On the other hand, Table 3 also shows that lowering 
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the fin temperature from 25°C to 9°C causes the heat 

radiation quantity of the wall section [l ] in the living 

room 1 to fall from 308 to 298. Consequently, when a 

human in an environment with a fin temperature of 25°C 

5 (heat radiation quantity: 327) moves to an environment 

with a fin temperature of 9°C, the difference in heat 

radiation quantity between the body and the wall [l] 

section of the living room 1 increases from (327-308) 

19 to (327-298) = 2 9 , and the heat radiation quantity 

10 absorbed into the wall [l] section of the living room 1 

from the body increases by the difference of 10. 

[0197] 

The degree of increase in the difference between the 

heat radiation quantities of the wall 13 and the body (a 

15 numerical value of 10) is about 1 4% of the degree of 

increase in the difference between the heat radiation 

quantities of the fins and the b ody (a numerical value of 

70) . 

[0198] 

20 However, since the area ratio between the total area 

25 

of the fins and the area of the living room 1 (wall faces 

+ ceiling face) is approximately 1:20, and the total 

amount of thermal radiation energy is proportional to t he 

area of the sections in which thermal radiation takes 

place, if it assumed that all of the wall faces and 

ceiling face of the living room 1 function in the same 

manner, it may be assumed that a cold radiation effect 

equal to or greater than that of the cold/heat radiation 

device 110 operates with the walls and ceiling as a 

30 whole. Furthermore, since the walls and ceiling are 

located surrounding the human, the thermal radiation 

energy emitted by the human is effectively absorbed as a 

whole . Thus, it is concluded that the contribution of 

the cooling effect of the walls and ceiling comprising 

35 stone powder is equal to or greater than that of the 

cold/heat radiation device 110, and is effective. 

( 

( 
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[0199] 

Fig. 19 shows the phenomenon whereby reduction in 

fin temperature lowers the heat radiation quantity at the 

wall [5] section of a Japanese-style room 2 partitioned 

5 with a paper screen 3. While the degree of reduction in 

heat radiation quantity at the wall [5] section of the 

Japanese-style room 2 shown in Fig. 12 is lower than that 

in the living room 1, a phenomenon can be seen from Fig. 

19 in which the cooling effect utilizing thermal 

10 radiation according to the invention reaches from the 

living room l to the Japanese-style room 2 through the 

closed paper screen 3. A cooling effect is in fact felt 

in the Japanese-style room 2, although not as much as in 

the living room 1. The data in Fig. 19 coincide with 

15 this actually perceived result. If the paper screen 3 is 

opened, it is expected that an effect of heat transfer of 

thermal radiation energy between identical molecular 

species would operate, such that the cooling effect in 

the Japanese-style room 2 is further increased. 

20 [0200] 

Fig. 19 shows data indicating reduction in the heat 

radiation quantity at the wall [8] sections of the 

cold/heat radiation device 110 which are not in view of 

the fins. These data suggest the mechanism explained in 

25 relation to Fig. 18. A cooling effect is in fact felt 

near 5' in the hallway 5 (see Fig. 18), although not as 

much as in the living room 1. The data in Fig. 19 

coincide with this actually perceived result. 

[0201] 

30 Judging from Fig. 11, no significant change is seen 

in the heat radiation quantity from the wall [9] sections 

of the toilet 6 even when the fin temperature is lowered. 

This suggests that, because the closed door of the toilet 

6 has a structure made of plywood (a single plywood panel 

35 having a supposed thickness of about 5 rrun, with unknown 

internal structure) attached to both sides thereof and is 

also coated on its exposed surfaces, the effects of 
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thermal radiation did not reach the interior of the 

toilet 6. It may also be due to the fact that the wall 

faces of the toilet 6 were ordinary wallpaper. 

[0202] 

With a fin temperature of 25°C, the heat radiation 

quantities of each section converge to similar values. 

This is believed to be because the thermal radiation­

absorbing effect (cold radiation effect} of the fins did 

not function effectively. This tendency is also 

10 reflected in Table 3. That is, according to Table 3, the 

heat radiation quantity on the fin surface at a fin 

temperature of 25°C is measured to be a larger value than 

the other sections, except for the human body. This may 

be considered to indicate the phenomenon in which the 

15 fins tend to function, though slightly, as thermal 

radiation sources toward the sections listed in the table 

other than the body, and not as cold radiation sources. 

[0203] 

Fig. 20 is a conceptual drawing showing an example 

20 of regulating the living environment by the principle of 

the invention, as an additional embodiment of the 

invention. A room 700 is shown in Fig. 20. The room 700 

comprises a flooring floor face 701, plaster wall faces 

702 and a plaster ceiling face 703. The floor face 701 

25 is coated with a varnish comprising a mixture of stone 

powder obtained by grinding granite, having a 25°C 

emissivity of greater than 0.9, to a size of 1 µrn or 

smaller. The stone powder content of the varnish layer 

is approximately 3 wt%. The plaster in the wall faces 

30 702 and ceiling face 703 has a thickness of approximately 

3 nun, and when hardened the stone powder is present at 

about 5 wt%. 

[0204] 

A cooling/heating apparatus 705 having a cooling and 

35 dehumidifying surface/heating surface 704 is situated 

inside the room 700. The cooling/heating apparatus 705 

( 
\ 

( 
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has a structure in which a plurality of fins (not shown) 

each with a cooling and dehumidifying surface/heating 

surface 704 on the surface are arranged in parallel. The 

cooling and dehumidifying surface/heating surface 704 is 

5 constructed of a coating layer obtained by coating the 

aforementioned stone powder on the surfaces of the fins. 

The fins are made of aluminum, and their interiors are 

structured so that cold water or hot water can flow 

through. The fins may be constructed of another metal 

10 material or alloy material with satisfactory heat 

conduction, such as iron or copper or an alloy thereof, 

for example. By flowing cold water or hot water through 

the interior of the fins, the stone powder coating layer 

formed on the surfaces of the fins function as 

15 cooling/dehumidifying surfaces or heating surfaces. 

[0205] 

In this example, the coating layer is composed of a 

coating material comprising the stone powder that has 

been coated on the surfaces of the fins and hardened as a 

20 layer (a film of the coating material comprising the 

stone powder) . The stone powder content of the film of 

the dried coating material is 15 wt%. The stone powder 

content of the coating layer will generally be 1 wt% or 

greater. 

25 [0206] 

A cold and hot water generator 706 is placed outside 

of the room 700, as an outdoor device. The cold and hot 

water generator 706 has a known heat pump function, and 

it supplies cold water or hot water to the 

30 cooling/heating apparatus 705. In the case of cold 

water, for example, the cold water supplied to the 

cooling/heating apparatus 705 undergoes heat exchange and 

absorbs heat from the fins, thus cooling the fins. The 

cold water that has undergone temperature increase by 

35 heat exchange (or the water that is no longer cold water 

due to the temperature increase) is returned to the cold 

and hot water generator 706 and re-cooled, and then re-



- 90 -

supplied to the cooling/heating apparatus 705. In the 

case of hot water, the hot water is supplied from the 

cold and hot water generator 706 to the cooling/heating 

apparatus 705. 

5 (0207] 

Under the cooling and dehumidifying surface/heating 

surface 704 there is situated a chute 711 that collects 

condensed water droplets having dropped down into {t. 

The water droplets collected in the chute 711 are drained 

10 to the outside. 

[0208] 

Fig. 20 shows the state of a human body 708 wearing 

clothing 707 and lying down with the head placed on a 

pillow 709. The clothing 707 is composed of a fabric of 

15 cotton mixed with polyester fiber. The polyester fiber 

is spun from a starting material comprising a mixture of 

the stone powder. The stone powder content is 3 wt% with 

respect to the total clothing 707. The surface of the 

pillow 709 is covered with the same fabric as that 

20 composing the clothing 707. 

[0209] 

Figs. 21A and 218 are conceptual drawings for 

explanation of the cooling effect for the present 

embodiment. When cold water is generated in the cold and 

25 hot water generator 706 and is supplied to the 

cooling/heating apparatus 705, the cooling and 

dehumidifying surface/heating surface 704 becomes cooled. 

Cooling of the cooling and dehumidifying surface/heating 

surface 704 causes the cooling and dehumidifying 

30 surface/heating surface 704 to fall to a relatively low 

temperature with respect to the floor face 701, wall 

faces 702 and ceiling face 703, so that based on Stefan­

Bol tzmann' s law, thermal radiation is produced from the 

floor face 701, wall faces 702 and ceiling face 703 

35 toward the cooling and dehumidifying surface/heating 

surface 704. This state is conceptually shown in Fig. 

21A. This thermal radiation takes place at high 

( 



5 

- 91 -

efficiency due to the principle of highly efficient 

exchange of energy by thermal radiation between identical 

molecular species. 

[0210] 

The floor face 701, wall faces 702 and ceiling face 

703, from which heat energy has escaped due to thermal 

radiation to the cooling and dehumidifying 

surface/heating surface 704, lose heat energy and thus 

fall slightly in temperature. As a result, the 

10 temperatures of the floor face 701, wall faces 702 and 

ceiling face 703 are slightly reduced with respect to the 

clothing 707 and pillow 709 that comprise far-infrared 

emitting substances with the same molecular species, and 

the far-infrared rays emitted from the clothing 707 and 

15 pillow 709 are absorbed into the floor face 701, wall 

faces 702 and ceiling face 703. Heat exchange takes 

place at high efficiency during this time as well, due to 

the principle of highly efficient exchange of energy by 

thermal radiation between identical molecular species. 

20 [0211] 

In this manner, the heat energy of the clothing 707 

or pillow 709 is absorbed into the cooling and 

dehumidifying surface/heating surface 704 in the form of 

thermal radiation via the floor face 701, wall faces 702 

25 and ceiling face 703, being finally discharged outside 

from the cold and hot water generator 706. There also 

exists, naturally, a thermal radiation-component which is 

absorbed into the cooling and dehumidifying 

surface/heating surface 704 from the clothing 707 or 

30 pillow 709. 

[0212] 

Absorption of the far-infrared rays emitted from the 

clothing 707 and pillow 709 into the floor face 701, wall 

faces 702 and ceiling face 703 causes the surface 

35 temperature of the clothing 707 and pillow 709 to be 

slightly reduced, to produce a state in which thermal 

radiation is absorbed more easily from the human body 
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708. 

[0213] 

Specifically, since the body is a heating body that 

consistently releases heat at about 36.5°C, it constantly 

5 produces thermal radiation to its surroundings. Due to 

the phenomenon described above, when thermal radiation 

from the clothing 707 and pillow 709 is finally absorbed 

into the cooling and dehumidifying surface/heating 

surface 704 through the wall faces 702, etc., the heat 

10 radiation quantity from the clothing 707 and pillow 709 

decreases (i.e., the temperature falls), and the 

difference between it and the heat radiation quantity ( 

from the human 708 increases. As a result, the heat 

radiation quantity from the clothing 707 and pillow 709 

15 to the human 708 decreases compared to a situation 

without cooling of the cooling and dehumidifying 

surface/heating surface 704. In other words, this 

increases the tendency for heat from the human body 708 

to be absorbed into the clothing 707 and pillow 709 in 

20 the form of thermal radiation. Thus, heat lost by the 

human body 709 increases compared to a situation in which 

the cooling and dehumidifying surface/heating surface 704 

is not cooled, thus realizing an environment in which the 

human 708 feels coolness. 

25 [0214] 

When the cooling and dehumidifying surface/heating 

surface 704 is cooled, condensation occurs on the cooling 

and dehumidifying surface/heating surface 704, causing 

moisture in the air to be condensed onto the cooling and 

30 dehumidifying surface/heating surface 704 as water 

droplets. The condensed water droplets fall down into 

the chute 711 and are drained to the outside. 

Dehumidification of the interior of the room 700 is 

accomplished by this mechanism. The dehumidification is 

35 also an effective function for increasing comfort inside 

the room 700. 

[0215] 
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According to the example described above, cooling of 

the cooling/dehumidifying surface 704 causes thermal 

radiation from the wall faces 702 and ceiling face 703 to 

be absorbed into the cooling/dehumidifying surface 704 

5 and thermal radiation from the clothing 707 and pillow 

709 to be absorbed into the wall faces 702 and ceiling 

face 703, based on the principle that exchange of heat 

energy takes place at higher efficiency via thermal 

radiation between identical molecules. As a result, the 

10 heat radiation quantities of the clothing 707 and pillow 

709 decrease, producing a state in which thermal 

radiation from the human 708 is more readily absorbed. 

In addition, absorption of thermal radiation from the 

human 708 into the clothing 707 and pillow 709 increases 

15 the heat lost from the human 708, thus producing an 

environment in which the human 708 feels cool. 

[0216] 

Since cold air does not contact the skin under this 

principle, no discomfort results from cold air as occurs 

20 with cooling by ordinary air conditioning. Hence, there 

is no chilling due to cold air or injury to the 

respiratory system by cold air. Moreover, since 

dehumidification is accomplished simultaneously, a 

refreshing environment is created by reduced humidity. 

25 In addition, since thermal energy emitted from the body 

is absorbed into the cooling and dehumidifying 

surface/heating surface without a process of cooling air 

with a refrigerant and cooling the body with the cooled 

air, the energy utilization efficiency is higher than 

30 with air conditioning. That is, a cooling effect can be 

obtained with lower energy consumption. 

[0217] 

Furthermore, since the cooling effect of the 

clothing can be modified, persons sensitive to heat may 

35 wear clothing with a high far-infrared emitting substance 

content while persons sensitive to cold may wear clothing 

with a low far-infrared emitting substance content (or if 
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necessary they may double ordinary underwear), for easy 

adjustment to the preferences of different people. With 

cooling by ordinary air conditioning, discomfort may 

occur for cold-sensitive persons due to cold air 

5 contacting exposed areas such as the face, hands and feet 

even if they wear layered cloth ing, while the respiratory 

system may be subjected to burden by breathing in cold 

air. Utilizing the present invention, however, 

eliminates the problems caused by cold air and therefore 

10 allows easier modification of the environment to suit the 

situation for each person. 

[0218] 

Figs. 22A and 228 are conceptual drawings for 

explanation of the principle of the heating effect for 

15 the present embodiment. When hot water is generated in 

the cold and hot water generator 706 and is supplied to 

the cooling/heating apparatus 705, the cooling and 

dehumidifying surface/heating surface 704 becomes heated. 

Heating of the cooling and dehumidifying surface/heating 

20 surface 704 causes the cooling and dehumidifying 

surface/heating surface 704 to rise to a relatively high 

temperature with respect ~o the floor face 701, wall 

faces 702 and ceiling face 703, so that based on Stefan­

Boltzmann' s law, thermal radiation is produced from the 

25 cooling and dehumidifying surf ace/heating surf ace 704 

toward the floor face 701, wall faces 702 and ceiling 

face 703. This state is conceptually shown in Fig. 22A. 

This thermal radiation takes place at high efficiency due 

to the principle of highly efficient exchange of energy 

30 by thermal radiation between identical molecular species. 

[0219) 

The floor face 701, wall faces 702 and ceiling face 

703, that have been given heat energy by thermal 

radiation from the cooling and dehumidifying 

35 surface/heating surface 704, gain heat e nergy and thus 

rise slightly in temperature. As a result, the 

temperatures of the floor face 701, wal l faces 702 and 

( 
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ceiling face 703 are slightly increased with respect to 

the clothing 707 and pillow 709 that comprise far­

infrared emitting substances with the same molecular 

species, and the heat radiation quantities from the floor 

5 face 701, wall faces 702 and ceiling face 703 become 

larger than the heat radiation quantities from the 

clothing 707 and pillow 709, such that thermal radiation 

is generated from the floor face 701, wall faces 702 and 

ceiling face 703 to the clothing 707 and pillow 709. 

10 Heat exchange takes place at high efficiency during this 

time as well, due to the principle of highly efficient 

exchange of energy by thermal radiation between identical 

molecular species. There also exists, naturally, a 

thermal radiation component which is directly transferred 

15 from the cooling and dehumidifying surface/heating 

surface 704 into the clothing 707 or pillow 709. 

[0220) 

Generation of thermal radiation from the floor face 

701, wall faces 702 and ceiling face 703 into the 

20 clothing 707 and pillow 709 causes the surface 

temperatures of the clothing 707 and pillow 709 to 

increase, such that the heat radiation quantities of the 

clothing 707 and pillow 709 are greater than when the 

cooling and dehumidifying surface/heating surface 704 is 

25 not heated. As a result, the heat radiation quantity 

escaping from the human body 708 into the clothing 707 

and pillow 709 is lower and heat loss from the human body 

708 into the surroundings is reduced, thus minimizing 

coldness felt by the human 708 and producing a heating 

30 effect. 

[0221] 

The fabric containing the far-infrared emitting 

substance may also be applied to mats or futons. A 

fabric containing the far-infrared emitting substance may 

35 also be utilized on furniture such as a sofa. This can 

produce mats, futons, sofas and the like exhibiting the 

same function as the clothing 707 or pillow 709 described 
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above. 

[0222) 

The floor face may also have a floor heating 

structure for heating of the floor face. In such cases, 

5 the cooling and dehumidifying surface/heating surface 704 

does not need to be heated (although it may still be 

heated, of course) . This will allow heat from the floor 

face to be transferred to the fabric through the wall 

faces and ceiling face, thus producing a heating effect. 

10 The examples described above assume a construction which 

allows selection of cooling and heating, but a 

construction with cooling alone or heating alone may be 

used. 

15 

[0223] 

The invention is not limited to the different 

embodiments described above, and other embodiments may be 

employed, such as the examples described below. 

[0224] 

(1) An indoor environment regulating system comprising 

20 an indoor space provided with a floor face, wall 

faces and a ceiling face, 

a heating apparatus constructed of a material 

comprising at least 3 wt% of a material with a far­

infrared emissivity of 0.8 or greater and having a 

25 heating surface exposed to the indoor space, and 

a cooling/dehumidifying device constructed of a 

material comprising at least 3 wt% of the material with a 

far-infrared emissivity of 0.8 or greater and having a 

cooling/dehumidifying surface exposed to the indoor 

30 space, 

35 

wherein the floor face and the wall faces or the 

floor face and the ceiling face comprise at least 3 wt% 

of the material with a far-infrared emissivity of 0.8 or 

greater. 

[0225] 

(2) An indoor environment regulating system according to 

(1) above, wherein 
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the material with a far-infrared emissivity of 0.8 

or greater is a natural stone material, 

the floor face is composed of a stone floor panel 

obtained by working the natural stone material, and 

the floor face is a heating surface. 

[0226] 

(3) An indoor environment regulating system according to 

(1) or (2) above, wherein the wall faces or the ceiling 

face comprise a ground product of the material with the 

10 far-infrared emissivity of 0.8 or greater. 

[0227) 

(4) An indoor environment regulating system according to 

any one of (1) to (3) above, wherein the floor face and 

the wall faces or the floor face and the ceiling face 

15 have a total heat capacity of at least twice the heat 

capacity of the air volume in the indoor space. 

[0228) 

(5) An indoor environment regulating system according to 

any one of (1) to (4) above, wherein the 

20 cooling/dehumidifying surface comprises 

a metal material which is cooled, and 

a covering layer comprising the material with a far­

infrared emissivity of 0.8 or greater covering the 

surface of the metal material. 

25 [0229] 

(6) An indoor environment regulating system comprising 

an inner side structural member inside the room that 

comprises a first material with a far-infrared emissivity 

of 0.8 or greater which absorbs far-infrared rays 

30 generated in the room, 

a cooling/dehumidifying surface which comprises the 

first material and which when cooled absorbs far-infrared 

rays emitted from the first material, and 

a cooling/dehumidifying device which cools the 

35 cooling/dehumidifying surface. 

(0230] 

(7) An indoor environment regulating system comprising 
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a first room which includes a far-infrared emitting 

substance in at least part of the inner side, 

a cooling/dehumidifying surface which is situated in 

the first room, comprises a substance composed of the 

5 same molecules as the molecules composing the far-

infrared emitting substance, and wh e n cooled, 

accomplishes dehumidification by condensation, and 

water droplet collecting means that collects water 

droplets condensed on the cooling/dehumidifying surface. 

10 [0231] 

(8) An indoor environment regulating system comprising 

a first room which includes a far-infrared emitting 

substance in at least part of the inner side, and 

a heating surface which is situated in the first 

15 room, comprises a substance composed of the same 

molecules as the molecules composing the far-infrared 

emitting substance, and is heated. 

[0232] 

(9) An indoor environment regulating system according to 

20 (7) or (8) above, which is provided with a second room 

25 

that is adjacent to the first room and comprises a 

substance composed of the same molecules as the molecules 

composing the far-infrared emitting substance in at least 

part of the inner side. 

[0233] 

(10} An indoor environment regulating system according to 

(7) or (8} above, wherein the wall faces of the first 

room are coated walls comprising at least 1 wt% of a 

ground material of the same material as the far-infrared 

30 emitting substance. 

[0234] 

(11) An indoor environment regulating system according to 

(9} above, 

which is provided with partitioning means that 

35 partitions the first room and second room, 

the partitioning means comprising a substance 

composed of the same molecules as the molecules composing 

( 

( 
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the far - infrared emitting substance. 

[0235) 

(12) An indoor environment regulating system according to 

(9) above, wherein 

the first room and/or second room are provided with 

a storage room with opening and closing means, a nd 

when closed, the first or second room indoor side 

surfaces of the opening and closing means comprise a 

substance composed of the same molecules as the molecules 

10 composing the f ar-infrared emitting substance. 

[0236) 

(13) An indoor environment r egulating system according to 

(7) above, wherein the cooling/dehumidifying surface is 

constructed of a coating layer comprising t he far-

15 infrared emitting substance, formed on a metal surface. 

[0237] 

(14) An indoor environment regulating system according to 

(8} above, wherein the heating surface is constructed of 

a coating layer comprising t he far-infrared emitting 

20 substance, formed on a metal surface. 

[0238] 

The following processes may be mentioned as examples 

for regulating the living environment by application of 

an indoor environment regulating system according to the 

25 invention. 

[0239] 

(15} A method for regulating a living environment, 

whereby 

in a room comprising a far-infrared emitting 

30 substance in at least part of the inner surface, 

a cooling/dehumidifying surface that is situated in 

the room, comprises a substance composed of the same 

molecules as the molecules composing the far-infrared 

emitting substance and accomplishes dehumidification by 

35 condensation when it is cooled, is cooled, 

and the heat radiation quantity from a fabric 

comprising a substance composed of t h e same molecules as 
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the molecules composing the far-infrared emitting 

substance is reduced. 

[0240] 

(16) A method for regulating a living environment, 

5 whereby 

in a room comprising a far-infrared emitting 

substance in at least part of the inner surface, 

a heatable heating surface, that is situated in the 

room and comprises a substance composed of the same 

10 molecules as the molecules composing the far-infrared 

emitting substance, is heated, 

and the heat radiation quantity from a fabric 

comprising a substance composed of the same molecules as 

the molecules composing the far-infrared emitting 

15 substance is increased. 

20 

(0241] 

(17) A method for regulating a living environment 

according to (16) above, wherein the heating surface is a 

floor face. 

[0242] 

The system of (1) above is characterized by 

comprising an indoor space provided with a floor face, 

wall faces and a ceiling face, a heating apparatus 

constructed of a material comprising at least 3 wt% of a 

25 material with a far-infrared emissivity of 0.8 or greater 

and having a heating surface exposed to the indoor space, 

and a cooling/dehumidifying device constructed of a 

material comprising at least 3 wt% of the material with a 

far-infrared emissivity of 0.8 or greater and having a 

30 cooling/dehumidifying surface exposed to the indoor 

space, wherein the floor face and the wall faces or the 

floor face and the ceiling face comprise at least 3 wt % 

of the material with a far-infrared emissivity of 0.8 or 

greater. 

35 (0243) 

According to the system of (1), the heaiing surface 

is heated to generate thermal radiation (heat radiation) 

( ; 
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in the form of emission of far-infrared rays from a 

material with a far-infrared emissivity of 0.8 or greater 

contained therein (this will hereinafter be referred to 

as "far-infrared emitting substance"). Here, since (a) 

5 the heating surface is exposed to the indoor space, (b) 

exchange of radiation and absorption of infrared rays 

takes place between the same materials and (c) the far­

infrared emitting substance is contained in the 

combination sections where electromagnetic waves emitted 

10 into the room will definitely contact, such as the floor 

and ceiling or the floor and walls, the heat energy 

emitted from the heating surface is effectively absorbed 

into the floor or ceiling or the floor or walls. 

15 

[0244) 

The rest of the far-infrared emitting substance that 

has absorbed radiant heat from the heating surface emits 

secondary radiation of absorbed heat as far-infrared 

rays. Repetition of this action causes the room interior 

to be filled by thermal radiation from many directions. 

20 Thus, radiant heat is emitted from many directions in the 

room and a human in the room feels warmth by receiving 

the radiant heat. In addition to this, the radiant heat 

is also absorbed into the far-infrared-absorbing 

components in the air inside the room (mainly moisture 

25 and carbon dioxide), so that the atmospheric temperature 

in the room rises. 

[0245] 

Because of this mechanism, the heat energy required 

to heat the heating surface is emitted into the room as 

30 radiant heat from the heating surface. This radiant heat 

is absorbed into the same material components (far­

infrared emitting substance) of the floor, walls and 

ceiling as those in the heating surface. The emission 

and absorption of heat energy is exchange of energy by a 

35 resonance phenomenon via far-infrared rays of molecular 

vibrational energy between identical molecules. 

Consequently, emission and absorption of heat energy 
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occurs at high efficiency and with low loss. The floor, 

walls and ceiling that have received the radiant heat 

produce secondary radiation into the room, and this heats 

a human body in the room or far-infrared-absorbing 

5 components in the air of the indoor space, by radiant 

heat. 

[0246 ] 

Since this heating is not by hot air, the problems 

caused by contact of hot air with skin do not occur. 

10 Furthermore, since no hot air flow is utilized and 

radiation is accomplished evenly throughout the entire 

indoor space, it is possible to reduce the difference in 

temperature distribution in the vertical direction of the 

indoor space. In addition~ the components of the radiant 

15 heat produced by secondary radiation from the floor or 

walls that have not been absorbed into the body or far­

infrared-absorbing components in the air are re-absorbed 

into the other sections of the floor or walls and re­

emi tted into the indoor space, thus repeating the same 

20 effect. During this time, the far-infrared rays that 

have not been absorbed into the body or far-infrared­

absorbing components in the air undergo the repeated 

cycle of radiation --1' absorption --1' re-emission of the 

far-infrared rays between identical molecules, and 

25 therefore can be utilized (or, used up) for heating of 

the body or the far-infrared-absorbing components in the 

air, so that waste of heat energy supplied from the 

heating surface can be avoided. It is thus possible to 

accomplish uniform heating of the far-infrared-absorbing 

30 components in the air throughout the entire room, and to 

avoid wasteful heating. Heating can be accomplished with 

energy savings for these reasons. 

[0247) 

Since the present invention is a technique for 

35 causing absorption of radiant heat into the body of a 

human in an indoor space to produce a warm feeling in the 

human, the term "heating" will be used here to mean "the 
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effect of producing a warm feeling in a human in an 

indoor space". Similarly, the term "cooling" will be 

used to mean "the effect of producing a cool feeling in a 

human in an indoor space". 

[0248) 

In the system of (1) above, cooling of the 

cooling/dehumidifying surface causes the heat balance to 

be significantly disturbed, so that the far-infrared 

emitting substance contained therein efficiently absorbs 

10 radiant heat from the floor, walls or ceiling as the 

inner surface of the room. This utilizes the basic 

principle whereby an object with excellent far-infrared 

rays-emitting properties also has excellent far-infrared 

ray-absorbing properties. For absorption of radiant heat 

15 at the cooling/dehumidifying surface, since (a) the 

cooling/dehumidifying surface is exposed to the indoor 

space, (b) exchange of emission and absorption of 

infrared rays takes place between the same materials and 

(c) far-infrared rays are emitted from locations that are 

20 not in direct view of the cooling/dehumidifying surface 

with combinations of the floor and ceiling or the floor 

and walls, the radiant heat is effectively absorbed into 

the cooling/dehumidifying surface from the floor or 

ceiling or the floor or walls. The floor, walls or 

25 ceiling that have caused absorption of heat in the form 

of radiation into the cooling/dehumidifying surface 

exhibit increased ability to absorb the heat energy of a 

body in the indoor space or of the far-infrared-absorbing 

components in the air in the indoor space in the form of 

30 radiant heat. This causes heat generated by the body in 

the indoor space or heat of the far-infrared-absorbing 

components in the air in the indoor space to be lost to 

the floor, walls and ceiling in the form of radiant heat, 

so that the human feels cold and the indoor temperature 

35 is lowered. A cooling effect is thus obtained by this 

principle. 

[0249] 
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This effect is also accompanied by a dehumidifying 

function that operates by utilizing the 

cooling/dehumidifying surface. Since the 

cooling/dehumidifying surface is cooled, a suitable 

5 surface temperature is selected to allow condensation of 

water vapor in the indoor space. The condensed water 

droplets fall down and are recovered, thus allowing 

dehumidification of the indoor space. Since moisture in 

the air is a far-infrared ray-absorbing substance, it 

10 interferes with the effect of increased far-infrared ra y­

absorbing function of the wall faces, etc., utilizing the 

aforementioned radiation, and with the far-infrared ray­

absorbing function from the body to the wall faces, etc. 

Consequently, performing dehumidification of the indoor 

15 space to remove the moisture in the air in the indoor 

space can increase the efficiency of the aforementioned 

cooling effect that utilizes radiation. Furthermore, 

since the discomfort index is reduced with 

dehumidification, it is possible to increase the cooling 

20 effect from this viewpoint as well. The cooling function 

of the indoor environment regulating system of the 

invention is a system that absorbs radiant heat from the 

cooling/dehumidifying surface, and therefore no forced 

cooling effect is produced whereby the room temperature 

25 is lowe r ed 5°C or more, as with an ordinary convection 

cooling apparatus. However, using the aforementioned 

dehumidifying function in combination can increase the 

absorption efficiency for radiant heat from the body into 

the building materials of the room, while also countering 

30 the high temperature and high humidity of the surruner 

season and providing a more comfortable living 

environment. 

(0250] 

With this cooling mechanism, migration of heat 

35 energy by radiation between identical molecules is 

utilized to cause absorption of heat energy in the indoor 

space into the cooling/dehumidifying surface, and 

( 
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therefore the heat energy migration efficiency is high 

and heat energy in the indoor space can be effectively 

absorbed into the cooling/dehumidifying surface. The 

cooling/dehumidifying surface can also be directly cooled 

5 by the cooling device, to obtain high cooling efficiency. 

It is thus possible to increase the utilization 

efficiency for the energy required to cool the 

cooling/dehumidifying surface. 

[0251) 

10 Furthermore, since no movement of cooled a.ir is 

used, the problems caused by direct contact of airflow 

with the skin with convection current system cooling do 

not occur. Furthermore, since no cold air flow is 

utilized and radiation is accomplished evenly throughout 

15 the indoor space, it is possible to reduce the difference 

in temperature distribution in the vertical direction of 

the indoor space. 

[0252) 

As explained above, according to the present 

20 invention, heat is supplied to the body utilizing 

emission of far-infrared rays generated by members 

forming the inner surface of a room, or heat is absorbed 

from the body into members forming the inner surface of a 

room that has been rendered sensitive to absorption of 

25 radiant heat. The energy loss is therefore lower and 

energy utilization efficiency is higher, compared to a 

convection system. With a convection system, a 2-stage 

heat exchange procedure is necessary whereby air is 

heated or cooled and a human body is cooled or heated by 

30 the air, and therefore loss is significant during heat 

exchange. In contrast, although heating or cooling of 

the far-infrared-absorbing components in the air is 

carried out according to the invention, it is by direct 

heat exchange with a body utilizing radiation, and 

35 therefore loss during heat exchange can be reduced. 

Moreover, since the floor face or wall faces are used as 

thermal sources or cold energy sources, the effect of 
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radiation can be exerted uniformly throughout the entire 

indoor space. Consequently, the uniformity of the effect 

is increased and the energy utilization efficiency for 

heating or cooling can be increased. 

[0253] 

The far-infrared emitting substance used in the 

system of (1) above is preferably a material with a far­

infrared emissivity of 0.8 or greater. As such materials 

there may be selected natural stone or various ceramic 

10 mqterials with far-infrared emissivities of 0.8 or 

greater. A higher emissivity is desirable, and 

specifically a higher effect can be obtained with a value 

of 0.9 or greater. The emissivity of a material is 

defined as W/W 0 , where W0 is the radiant energy for far-

15 infrared rays of an ideal black body, and W is the 

radiant energy for far-infrared rays of the material 

under the same conditions. Far-infrared rays are 

electromagnetic waves with a wavelength of 3 µrn-1000 µm. 

[0254] 

20 Because the invention utilizes the phenomenon 

whereby exchange of radiant heat between the same 

materials takes place at high efficiency, an emissivity 

below this value for the far-infrared emitting substance 

will increase the loss during emission and absorption of 

25 far-infrared rays, thereby lowering the utilization 

efficiency of introduced energy for heating and cooling. 

For example, a metal has low emissivity, and therefore 

low capacity for exchange of heat by emission/absorption 

(low heat exchange capacity), while relying mainly on 

30 convection for heat exchange. The effect of the 

invention cannot be obtained in such cases. Even 

materials with low heat capacities such as wood are 

undesirable as far-infrared emitting substances according 

to the invention because of their low heat exchange 

35 capacities. 

[0255] 

The content of the far-infrared emitting substance 
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in the floor face, wall faces and ceiling face is 

preferably at least 3 wt%. According to experimental 

data, a content of 3 wt% or greater was found to produce 

a notable effect of heat exchange by the aforementioned 

5 radiation phenomenon. On the other hand, a content of 

greater than 20 wt% tended to saturate the heat exchange 

efficiency. The upper limit for the far-infrared 

emitting substance is therefore about 20-30 wt%. The 

far-infrared emitting substance may be included at a 

10 greater proportion, incidentally. Also, the far-infrared 

ray material itself may be used to form the floor face, 

wall faces or ceiling face. The far-infrared emitting 

substance may be included in the walls and ceiling of the 

system of (1) ·above. The sections that function as 

15 heating surfaces and cooling/dehumidifying surfaces 

preferably have increased far-infrared emitting substance 

contents from the viewpoint of ensuring heat exchange 

capacity by emission/absorption. 

[0256] 

20 The system of (2) above corresponds to the system of 

(1) above in which a natural stone material with a far­

infrared emissivity of 0.8 or greater is used and the 

floor face is constructed of a stone floor panel obtained 

by working the natural stone material, with the floor 

25 face being used as the heating surface. According to the 

system of (2 ) above, the floor face is constructed of a 

stone panel with e xcellent far-infrared ray-emitting 

properties, so that the floor face can function as a 

large-heat-capacity thermal storage layer, and the 

30 heating effect and cooling effect described above can be 

obtained to a greater degree. Using the floor face as 

the heating surface can also produce a floor heating 

effect during heating. 

35 

[0257] 

The system of (3) above corresponds to a system 

according to (1) or (2) above wherein the wall faces or 

the ceiling face comprise a ground product of the 
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material with a far-infrared emissivity of 0.8 or 

greater. For example, when stone with a high far­

infrared emissivity is used, it is sometimes difficult to 

use the stone itself as the wall face or ceiling face due 

to material cost or working cost considerations. In such 

cases, a ground sand of the stone is mixed with the 

existing wall face (for example, plaster wall) or 

building material (for example, gypsum board) to impart 

the function of a far-infrared emitting substance to the 

building material. This will allow the invention to be 

implemented while utilizing a conventional residence 

structure or building construction method. Also, 

grinding is advantageous in that it can increase the 

surface area of the far-infrared emitting substance and 

15 increase the far-infrared emissivity. 

[0258] 

When the floor face is constructed of a stone floor 

panel and the wall faces or ceiling face are constructed 

of a ground stone included in an ordinary building 

20 material, it is possible to obtain an indoor environment 

regulating system with rapid initial heating and cooling 

effects. In this case, the heat capacity is relatively 

large since the floor face is constructed of the stone 

itself. In contrast, the wall faces or ceiling face are 

25 building materials comprising the ground stone of the 

floor face, and therefore their heat capacities are 

relatively smaller than the floor face. Thus, the 

effects of temperature changes on the floor face by 

radiation easily reach the wall faces and ceiling face. 

30 Consequently, the speed at which the wall or ceiling 

temperature follows the floor face temperature by 

emission and absorption of far-infrared rays is 

increased, and the time required for the heating or 

cooling effect to be felt after the power is switched ON 

35 is shortened . Since a smaller heat capacity of the wall 

face or ceiling face is advantageous to obtain this 

effect, the upper limit for the ground stone in the wall 
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face or ceiling face is preferably about 20-30 wt% from 

this viewpoint as well. 

(0259] 

The system of (4) above corresponds to any of the 

5 systems of (1)-(3) above wherein the floor face and wall 

faces or the floor face and ceiling face have a total 

heat capacity of at least twice the heat capacity of the 

air volume in the indoor space. The value used for the 

heat capacity of the air volume in the indoor space is 

10 the value measured under conditions with an atmospheric 

temperature of 20°C and a humidity of 50%. In the systems 

of (1)-(3) above, the presence of the far-infrared 

emitting substance in a member on the inner side forming 

the room allows heating by emission of far-infrared rays 

15 from the far-infrared emitting substance or cooling by 

absorption of far-infrared rays from the infrared ray­

emi tting material. Whether emission of far-infrared rays 

or absorption of far-inf rared rays occurs during this 

time is determined by the shift from the thermal 

20 equilibrium state , or in other words, on the slope of the 

heat gradient. 

[0260) 

With an object A and an object B, the slope of the 

heat gradient is the slope from the object of relatively 

25 high temperature to the object of relatively low 

temperature. Based on thermodynamic principles, no 

migration of heat occurs if the temperature of the both 

are the same. When heat is transferred from object A to 

object B so that object B is heated, if both heat 

30 capacities are roughly equal, a heat balance is rapidly 

reached causing migration of heat to cease (i.e. the heat 

effect is weak), and therefore it is important for the 

heat capacity of object A to be a larger value than the 

heat capacity of object B. This may be considered to 

35 apply as we ll when heat is drawn into object A to cool 

object B. 

(0261) 
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In the system of (4) above, therefore, the heat 

capacities of the floor face and wall faces or the floor 

face and ceiling face, which correspond to object A in 

the above explanation, is at least twice the heat 

5 capacity of the air in the indoor space, which 

corresponds to object B in the above explanation. This 

will allow heating or cooling of the far-infrared­

absorbing components in the air in the indoor space to be 

accomplished more effectively. 

10 [0262] 

The system of (5) above corresponds to a system 

according to any one of (1)-(4) above wherein the 

cool'ing/dehumidifying surface comprises a metal material 

which is cooled, and a covering layer comprising the 

15 material with a far-infrared emissivity of 0.8 or greater 

covering the surface of the metal material. As mentioned 

above, the invention disclosed herein is based on the 

basic physical principle that exchange of heat by far­

infrared rays takes place most efficiently between 

20 identical molecules (between identical materials) . 

25 

Therefore, if the cooling/dehumidifying surface that 

absorbs thermal radiation in the indoor space is a metal 

material wherein ordinary heat conduction is 

preferential, the radiant heat absorption efficiency is 

low (the metal surface is a good reflection surf ace for 

far-infrared rays) and the aforementioned principle of 

the present invention does not function effectively. 

[ 0263] 

According to the system of (5) above, the upper 

30 surface of the cooling/dehumidifying surface is covered 

with the far-infrared emitting substance contained in the 

floor face and wall faces or the floor face and ceiling 

face, and therefore migration of heat by radiation can 

take place at high efficiency between the 

35 cooling/dehumidifying surface and the floor face and wa l l 

faces, or between the cooling/dehumidifying surface and 

the floor face and ceiling face. Also, since the ground 

( 

( 
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layer of the cooling / dehumidifying surface is constructed 

of a metal material (for example, aluminum or copper} 

with good thermal conductivity, it is possible to 

efficiently cool the upper surface of the 

5 cooling/dehumidifying surface. Incidentally, a low far­

infrared emitting substance content of the covering layer 

will reduce the radiant heat-absorbing function of the 

covering layer, and therefore the far-infrared emitting 

substance content in the covering layer is 3 wt% or 

10 greater and preferably 10 wt% or greater. 

[0264] 

The system of (6) above is characterized by 

comprising an inner side structural member inside the 

room that comprises a first material with a far-infrared 

15 emissivity of 0.8 or greater which absorbs far-infrared 

rays generated in the room, a cooling/dehumidifying 

surface which comprises the first material and which when 

cooled absorbs far-infrared rays emitted from the first 

material, and a cooling/dehumidifying device which cools 

20 the cooling/dehumidifying surface. 

25 

[0265] 

In the system of (6) above, the inner side 

structura l member in the indoor space is at least one of 

the members forming the floor, walls and ceiling. In the 

system of (6) above, cooling of the cooling/dehumidifying 

surf ace purposely produces a heat gradient from the inner 

side structural member with respect to the 

cooling/dehumidifying surface, thereby creating a flow of 

radiant heat from the inner side structural member toward 

30 the cooling/dehumidifying surface, lowering the heat of 

the inner side structural member, and forming a heat 

gradient from the person in the indoor space or air in 

the indoor space toward the inner side structural member. 

This causes active absorption of thermal radiation from 

35 the person in the indoor space or the far-infrared­

absorbing components in the air in the indoor space into 

the inner side structural member, producing a cooling 
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Since the human body is cooled using radiation in 

the system of (6) above, it is possible to obtain higher 

5 energy utilization efficiency compared to a convection 

cooling system that produces cold air and delivers it 

into the indoor space. In particular, since cold air is 

not directly contacted with the skin, it is possible to 

avoid discomfort or adverse effects on healt h produced by 

10 contact of cold air with the skin. 

[0267] 

In an air conditioning system of a type that 

contacts cold air with the skin (i.e. a conventional 

convection type), 2-stage heat exchange is necessary 

15 whereby cold air is produced and contacted with the human 

body, and therefore energy loss during heat exchange 

(conversion loss) is considerable. As a result, the air 

must be excessively cooled in light of the expected 

conversion loss, so that the atmospheric temperature in 

20 the indoor space tends to be set too low. This is a 

cause of "cooling disorder". 

25 

[ 0268 J 

Since cooling of the body by radiation can minimize 

such conversion loss, and the body is directly cooled, 

there is no need to excessively cool the air in the 

indoor space. Onset of cooling disorder can thus be 

prevented. 

[ 0269] 

The system of the invention utilizes the phenomenon 

30 of emission and absorption of far-infrared rays by 

building materials of rooms (floor, wall and ceiling 

members). The effect is therefore reduced with a low 

proportion of use of building materials exhibiting this 

phenomenon. The proportion of a r ea of the sections 

35 containing the far-infrared emitting substance of the 

total area of the floor face and wall faces or the floor 

face and ceiling face is 50% or greater, preferably 60 % 

( 

( 
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or greater and more preferably 70% or greater. This will 

allow the heating function and cooling function by 

radiation to be more effectively exhibited. 

[0270] 

The system of (7) above is characterized by 

comprising a first room which includes a far-infrared 

emitting substance in at least part of the inner side, a 

cooling/dehumidifying surface which is situated in the 

room, comprises a substance composed of the same 

10 molecules as the molecules composing the far-infrared 

emitting substance, and when cooled, accomplishes 

dehumidification by condensation, and water droplet 

collecting means that collects water droplets condensed 

on the cooling/dehumidifying surface. 

15 [0271] 

The system according to (8) above is characterized 

by comprising a first room which includes a far-infrared 

emitting substance in at least part of the inner side, 

and a heating surface which is situated in the room, 

20 comprises a substance composed of the same molecules as 

the molecules composing the far-infrared emitting 

substance, and is heated. 

[0272] 

Here, the substance composed of the same molecules 

25 as the molecules composing the far-infrared emitting 

substance is a substance of identical molecular species 

as the far-infrared emitting substance (a substance 

having the same composition and the same molecular 

structure) . 

30 [0273] 

In the systems of (7) and (8) above, the proportion 

of the sections comprising the substance composed of the 

same molecules as the molecules composing the far­

infrared emitting substance, on the inner side of the 

35 room, is preferably at least 25%, more preferably at 

least 40% and even more preferably at least 60%. This is 

because, since the area of the inner surface of the room 
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is utilized for absorption of thermal radiation from the 

body and supply of thermal radiation to the body, a 

larger proportion of area at the sections contributing to 

heat exchange will increase the cooling effect or heating 

5 effect. The inner surfaces of the room are the faces on 

the inside of the room, and they include the floor face, 

wall faces and ceiling face, as well as openings such as 

doors of the hallway or other rooms, storage room doors, 

windows and the like. 

10 

15 

[0274] 

The system of the invention may have a construction 

wherein the same far-infrared emitting substance is added 

to one or more faces, selected from among the wall faces, 

the floor face and the ceiling face. In an ordinary 

home, however, the wall faces are the most effective as 

locations for including the same far-infrared emitting 

substance as that in the face that functions as a 

cooling/dehumidifying surface or heating surface. This 

is because in the room of an ordinary home, the area of 

20 the wall faces constitutes the largest part of the area 

25 

forming the indoor space, and can effectively receive 

radiation from the body regardless of body posture. If 

permitted in terms of cost, the greatest effect is 

obtained if two or more faces among the floor face, wall 

faces and ceiling face, and more preferably all of the 

faces, contain the far-infrared emitting substance. 

[0275] 

According to the system of (7) above, cooling of the 

cooling/dehumidifying surface lowers the temperature of 

30 the far-infrared emitting substance in the 

cooling/dehumidifying surface with respect to the far-

infrared emitting substance in the inner surface (for 

example, wall faces) of the first room. With two objects 

having a temperature difference, thermal radiation is 

35 emitted from the object at relatively high temperature to 

the object at low temperature. The migrating radiant 

energy is directly proportional to the fourth power of 

( 
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the temperature, according to Stefan-Boltzmann's law. 

When this phenomenon operates between the same substances 

(between identical molecular species), the identical 

molecular vibration causes migration of heat energy to 

5 take place at high efficiency, similar to energy exchange 

by resonance. 

[0276] 

Due to this phenomenon, heat energy migrates in the 

form of thermal radiation from the inner surface of the 

10 first room to the cooled cooling/dehumidifying surface. 

The heat energy is discharged out of the system through 

cooling means that cools the cooling/dehumidifying 

surface. The far-infrared emitting substance in the 

inner surface of the first room that have lost heat 

15 energy in the form of thermal radiation, and the 

temperature falls by that amount. When the same far­

infrared emitting substance is not present in the 

cooling/dehumidifying surface and the inner surface of 

the first room, transport of energy does not take place 

20 at high efficiency by thermal radiation between identical 

molecular species, and the temperature-lowering effect is 

minimal. 

[0277] 

When the temperature of the far-infrared emitting 

25 substance in the inner surface of the first room is 

lowered, the temperature of the surface section of the 

walls, as the base material (base), is lowered by heat 

conduction between the solids. As a result, the function 

of absorbing far-infrared rays from the body, exhibited 

30 by the sections of the inner surf ace of the first room 

containing the far-infrared emitting substance, is 

increased. In other words, the temperature difference 

between the body and the sections of the inner surface of 

the first room containing the far-infrared emitting 

35 substance is large, and radiant energy from the body is 

readily absorbed into the inner surface of the first 

room, proportionally to the difference in the fourth 
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power of each temperature. A direct thermal radiation­

absorbing effect from the body into the 

cooling/dehumidifying surface is also active during this 

time. 

[0278] 

Since a relatively large area can be ensured for the 

inner surface of the first room compared to the area of 

the cooling/dehumidifying surface, the total amount of 

thermal radiation from the body to the inner surface of 

10 the first room acts on the area of the sections of the 

inner surf ace of the first room containing the far­

infrared ray material. Consequently, thermal radiation 

from the body is absorbed in a section with a wide area. 

The thermal radiation from the body is finally absorbed 

15 into the cooling/dehumidifying surface and discharged out 

of the system. The phenomenon whereby thermal radiation 

from the body is absorbed into the cooling/dehumidifying 

surface through the inner surf ace of the first room is 

according to the principle of the cooling effect of the 

20 invention. That is, exchange of heat energy via thermal 

radiation which cools the inner surface of the room to 

function as an indirect (secondary) cold energy source, 

and thus actively absorb thermal radiation from the body 

not only into the cooling/dehumidifying surface but also 

25 into the inner side of the room, may be said to be the 

principle of the invention. The effect in which a human 

feel coolness is referred to as a cooling effect. The 

opposite effect in which a human feels warmth is referred 

to as a heating effect. 

30 [0279] 

The principle of the cooling effect in the first 

room described above acts even when the 

cooling/dehumidifying surface and the sections of the 

inner surface of the room containing the far-infrared 

35 emitting substance are not in view of each other due to 

obstacles between them. In such cases, if a wall face or 

ceiling face containing the far-infrared emitting 

( 

( 
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substance is placed in view of both, migration of heat 

energy will occur by thermal radiation between them, and 

finally heat will be absorbed into the 

cooling/dehumidifying surface. The temperature of the 

5 far-infrared emitting substance in the inner surface of 

the room will fall in this case as well, such that a 

cooling effect will be exhibited by absorption of far­

infrared rays from the body. Thus, even locations that 

are not in view of the primary cold energy source 

10 (cooling/dehumidifying surface) in the first room receive 

heat energy indirectly via thermal radiation, and 

therefore those locations (for example, walls) can 

function as indirect cold energy sources. 

15 

[0280] 

The above explanation assumes a cooling effect from 

locations that are not in view of the primary cold energy 

source (cooling/dehumidifying surface) of the first room, 

by utilizing indirect thermal radiation through surfaces 

that are in view of the primary cold energy source, but 

20 two or more faces. containing far-infrared ray materials 

can contribute to migration of heat energy from the 

locations not in view of the primary cold energy source 

toward the primary cold energy source. Thus, when there 

is no face in view of the primary cold energy source in a 

25 range which is in view of a given location that is not in 

view of the primary cold energy source, migration of heat 

energy is possible from the given location through the 

face, and then through a separate face that is in view of 

the primary cold energy source (i.e. exchange of thermal 

30 radiation in stages). 

[0281] 

Such migration of heat energy via indirect radiation 

functions as a significant phenomenon due to the 

principle that energy migration by radiation between 

35 identical molecular species takes place at high 

efficiency. Consequently, this effective indirect 

migration of heat energy does not occur between materials 
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of different molecular species, even if they are far­

infrared emitting substances having an emissivity of 0.6 

or greater. 

(0282] 

5 Furthermore, since the cooling/dehumidifying surface 

accomplishes dehumidification by condensation, it is 

possible to obtain a comfortable feel by dehumidification 

in addition to the cooling effect. Since moisture in the 

air is a good far-infrared ray-absorbing material, 

10 removal of the moisture in the air can even more 

effectively produce the cooling effect utilizing thermal 

radiation. Also, while the base material of the 

cooling/dehumidifying surface is preferably made of a 

metal (aluminum, iron, copper or an alloy) with good heat 

15 conduction from the viewpoint of cooling efficiency (or 

heating efficiency), metals have low emissivity and 

therefore a sufficient effect of dehumidification by 

condensation is not exhibited merely by cooling them. 

This is because, due to the low emissivity of metals, the 

20 efficiency of absorption of thermal radiation from the 

moisture in the air to a metal surface near the metal 

surface is low, such that the efficiency for generation 

of water droplets onto the surface of the metal by 

condensation of moisture is also low. According to the 

25 invention, on the other hand, the cooling/dehumidifying 

surface contains a far-infrared emitting substance with 

high emissivity, and therefore the emissivity of the 

cooling/dehumidifying surface can be increased and the 

efficiency of absorption of thermal radiation from 

30 moisture in the air into the cooling/dehumidifying 

surface near the cooling/dehumidifying surface can be 

inc reased. It is therefore possible to increase the 

efficiency by which moisture in the air is condensated 

onto the cooling/dehumidifying surface. That is, it is 

35 possible to increase the dehumidification effect. 

[0283] 

The explanation above concerns the cooling effect, 
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but the heating effect is the opposite. That is, heating 

the face functioning as the cooling/dehumidifying surface 

causes it to become a heating surface, and the heat of 

the heating surface is absorbed into the far-infrared 

5 emitting substance on the inner surface of the first 

room, causing its temperature to increase. Increase in 

the temperature of the far-infrared emitting substance on 

the inner surface of the first room results in a greater 

amount of far-infrared ray emission from them, whereby 

10 the heat radiation quantity absorbed from a human in the 

first room into the inner surface of the room decreases, 

and a heating effect is produced. If the temperature of 

the inner surface of the room comprising the far-infrared 

emitting substance increases above body temperature 

15 during this heating, thermal radiation will take place 

from those sections to the body, resulting in a higher 

heating effect. 

[0284] 

In order to obtain the cooling effect or heating 

20 effect described above, the far-infrared emitting 

substance content in the inner surface of the room 

comprising the far-infrared emitting substance is 

preferably 1 wt% or greater, and a greater effect is 

obtained with a content of 3 wt% or greater. This also 

25 applies for a cooling/dehumidifying surface or heating 

surface containing a substance composed of the same 

molecules as the molecules composing the far-inf rared 

emitting substance. If the value of the content is below 

1 wt%, the effect of high-efficiency exchange of thermal 

30 radiation will be reduced. The upper limit for the 

content is about 20-30 wt% in the inner surface (wall 

faces, etc.) of the room. The cooling/dehumidifying 

surf ace or heating surface preferably contains more of 

the far-infrared emitting substance, within the possible 

35 range. 

[0285] 

Utilizing the system of (7) above makes use of high-
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efficiency energy migration, so that the area occupied by 

the cooling/dehumidifying surface can be minimized. This 

is advantageous from the viewpoint of reducing working 

costs and achieving effective utilization of interior 

5 decoration and indoor area. Furthermore, since the 

cooling effect is based on exchange of heat energy via 

thermal radiatio~, it is possible to reduce the frequency 

of heat exchange via conversion of energy forms and thus 

reduce conversion loss during heat exchange, compared to 

10 cooling with an air conditioner whereby air is cooled and 

contacted with the body to cool it, so that energy 

consumption can be minimized. 

[0286] 

The purpose of the room is not restricted, and it 

15 may be a hallway, passageway, lavatory, toilet, main 

entrance indoor space, storage room or the like, or it 

may be a shop or public facility room, or a warehouse, 

office, animal-breeding room, warehouse, food storage 

room or the like. The room may also be the passenger or 

20 freight compartment of a vehicle. 

25 

[0287] 

The far-infrared emitting substance may be any one 

with a far-infrared emissivity of 0.6 or greater, and 

materials with 0.8 or greater are preferred. As such 

materials there may be selected natural stone or various 

ceramic materials with far-infrared emissivities of 0.6 

or greater. A higher emissivity is desirable, and 

specifically a higher effect can be obtained with a value 

of 0.9 or greater. The emissivity of a material is 

30 defined as W/W0 , where W0 is the radiant energy for far­

infrared rays of an ideal black body, and W is the 

radiant energy for far-infrared rays of the material 

under the same conditions. The value of the emissivity 

may be the value at near 10 ~Lm where thermal effects on 

35 the human body are greatest and preferably at room 

temperature which is near the actua l use temperature (for 

example, 25°C) . 



( 

- 121 -

(0288] 

If the emissivity of the far-infrared emitting 

substance is below this value, the utilization efficiency 

for introduced energy will be reduced. For example, a 

5 metal has low emissivity, and therefore low capacity for 

exchange of heat by emission/absorption (low heat 

exchange capacity), while relying mainly on convection 

for heat exchange. The effect of the invention cannot be 

obtained in such cases. A material with low thermal 

10 conductivity, such as wood, is disadvantageous in terms 

of cooling efficiency of the cooling/dehumidifying 

surface or heating efficiency of the heating surface. 

For example, cooling of wood and dehumidification by 

condensation has very low efficiency and is not 

15 practical. Consequently, the far-infrared emitting 

substance used for the invention is preferably natural 

stone or a ceramic material. The heat exchange capacity 

is a parameter that is proportional to the 

(emissivity/heat capacity) ratio of the material. 

20 [0289] 

25 

The substance composed of the same molecules as the 

molecules composing the far-infrared emitting substance 

may be in any form. For example, if the two molecular 

species are identical, one may be an integral solid and 

the other a powder. Alternatively, both may be powders 

but with different particle sizes or particle shapes. 

Their contents in the base material may also be 

different. The embodiment of (7) above and the 

embodiment of (8) above may be utilized in a switchable 

30 manner, or separately, in a single system. 

(0290] 

The system of (9) above corresponds to a system 

according to (7) or (8) above which is provided with a 

second room, adjacent to the first room and comprising a 

35 substance composed of the same molecules as the molecu l es 

composing the far-infrared emitting substance in at least 

part of the inner side. 
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[0 2 91) 

The cooling effect utilizing exchange of thermal 

radiation between identical far-infrared emitting 

substances, described in relation to the system of (7) 

5 above, also reaches the s econd room that is adjacent to 

the first room. For example, if the first room and 

second room are connected by an opening, thermal 

radiation is exchanged through the opening and 

temperature reduction occurs at the sections of the 

10 second room containing the far-infrared emitting 

substance. During this time, even if the area of the 

opening connecting the two rooms is small and there are 

sections of the second room containing the far-infrared 

emitting substance that are not in view of the 

15 cooling/dehumidifying surface in the first room, the 

phenomenon of indirect migration of heat energy described 

above compensates for the temperature difference between 

the inner surf ace of both rooms and produces a cooling 

effect in the second room. This also applies for the 

20 heating effect. 

[0292] 

Also, even if the first room and second room are 

partitioned by a partitioning member that absorbs far­

infrared rays, so long as it is not a member that 

25 reflects far-infrared rays (for example, metal), exchange 

of heat energy via thermal radiation through the 

partitioning member takes place between the 

cooling/dehumidifying surface and first room inner 

surface and the partitioning member, and also between the 

30 partitioning member and the second room inner surface. 

That is, an effect acts whereby heat at the sections of 

the second room containing the far-infrared emitting 

substance are finally absorbed into the 

cooling/dehumidifying surface through the partitioning 

35 member in the form of thermal radiation. A cooling 

effect is therefore active in the second room. This 

effect is lower than the effect obtained without the 

( 

( 
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partitioning member because of loss due to exchange of 

thermal radiation at the partitioning member. This also 

applies for the heating effect. 

[0293) 

Although the relationship between the first room and 

second room is simply shown in (9) above, a third room or 

fourth room may also be present adjacent to the first 

room. A third room may also be adjacent to the second 

room. In the latter case, the cooling effect (or heating 

10 effect) in the second room reaches the third room through 

the second room, and therefore the resulting cooling 

effect (or heating effect) is lower than in the second 

room. 

[0294) 

15 Furthermore, even when the second room is bent, 

inner surface (for example, wall faces) containing the 

far-infrared emitting substance will be present at areas 

beyond the bend, and exchange of thermal radiation 

through the stages mentioned above will allow the cooling 

20 effect (or heating effect) to work even to the areas 

beyond the bend. 

[0295] 

Furthermore, the usage of the far-infrared emitting 

substance in the first room and second room may be the 

25 same or different. For example, a construction may be 

employed wherein the far-infrared emitting substance is 

included in all three of the floor face, wall faces and 

ceiling face in the first room and the far-infrared 

emitting substance is included in two of the wall 

30 faces/ceiling face in the second room. The limit for the 

far-infrared emitting substance content in the inner 

surface of the second room is the same as for the first 

room. The definition of the inner surface is also the 

same as for the first room .. 

35 [0296] 

In the system of (9) above the cooling/dehumidifying 

surface which requires energy consumption for the cooling 
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effect may be in the first room or in the second room. 

As a result of the partitioning means, the cooling effect 

described above is exhibited even if the first room and 

second room are physically partitioned. That is, even if 

5 the first room and second room are partitioned to ensure 

privacy or independence, cooling of the 

cooling/dehumidifying surface in the first room can 

simultaneously produce a cooling effect in the first room 

and a cooling effect in the second room. 

10 [0297] 

If only a cooling effect by cold radiation is 

desired, this can be achieved if the entire inner walls 

of the first room and second room are cooled and used as 

cold radiation faces, but it will involve large-scale 

15 installation and drastically increase working costs, 

while also requiring large energy consumption. If the 

cooling equipment must be located on the indoor side of a 

wall, the effective utilization area of the room will be 

decreased. The system of (9) above is advantageous from 

20 this viewpoint. 

heating effect. 

[0298] 

These advantages are the same for a 

The system of (10) above corresponds to the system 

of (7) or (8) above wherein the wall faces of the first 

25 room are coated walls comprising at least 1 wt% of a 

ground material of the same material composing the far­

infrared emitting substance. Since the ground product 

far-infrared emitting substance may be mixed into the 

starting material for the coated wall in the system of 

30 (10) above, it is possible to use a conventional method 

for working in order to lower working costs. Also, since 

the coated wall is a wall face ordinarily employed in 

housings and the like in the prior art, it has the 

advantage of high compatibility for persons used to 

35 conventional housings. 

[0299] 

The coated wall is a wall obtained by coating the 

( 
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starting material for the wa l l onto a wall base layer, 

and as specific examples there may be mentioned lime 

plaster walls, diatomaceous earth walls, ordinary plaster 

walls, fiber walls (kyokabe, jurakukabe, etc.), sand 

5 coated walls, clay walls and the like. The coated wall 

is not limited to the wall faces, and may also be used 

for the ceiling face. 

[0300] 

A more prominent effect can be exhibited if the 

10 mixing proportion of the ground product of the same 

material as the far-infrared emitting substance in the 

coated wall is 3 wt% or greater. The upper limit for the 

mixing proportion of the ground product is about 20-30 

wt%. In excess of this mixing proportion, the effect 

15 will be saturated and the workability and quality of the 

coated wall will be adversely affected. The mixing 

proportion is the value measured in the dry state after 

working. 

20 

[0301] 

The ground product of the same material as the far-

infrared emitting substance may be added not only to 

coated walls, but also to interior finishing panels 

(interior finishing boards) such as gypsum panels, 

interior sheet-like building materials such as wallpaper 

25 (also resin materials), coating material layers (painted 

surfaces), members on surfaces exposed to room interiors 

such as paper of paper screens or sliding doors, adhesive 

layers for adhesion onto wallpaper and the like, floor­

covering sheet-like members, decorative sheets with 

30 printed grain patterns, glass, and the like. The lower 

limit for the mixing proportion of the ground product in 

these materials is the same as for a coated wall. The 

upper limit will differ depending on the material, but 

for most cases it is the same as for a coated wall. The 

35 form of the ground product may be particulate or fibrous. 

It may also be an amorphous ground form. 

[0302] 
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The system of (11) above corresponds to the system 

of (9) above which is provided with partitioning means 

that partitions the first room and second room, the 

partitioning means comprising a substance composed of the 

5 same molecules as the molecules composing the far­

infrared emitting substance. According to the system of 

(11) above, the migration efficiency for thermal 

radiation energy between the first room and second room 

through the partitioning means is high, due to the 

10 principle that migration of heat energy via thermal 

radiation between identical molecular species takes 

placed at high efficiency. Consequently, even though the 

first room and second room are partitioned it is possible 

for the cooling effect or heating effect in the first 

15 room to effectively reach the second room. The 

partitioning means may be a door, wall, curtain or the 

like. The content of the substance composed of the same 

molecules as the molecules composing the far-infrared 

emitting substance in the partitioning means is 

20 preferably 1 wt% or greater and more preferably 3 wt% or 

greater, similar to the case of a wall face or the like. 

[0303] 

The system of (12) above corresponds to the system 

of (9) above wherein the first room and/or second room 

25 are provided with a storage room with opening and closing 

means, and when closed, the first or second room indoor 

side surfaces of the opening and closing means comprise a 

substance composed of the same molecules as the molecules 

composing the far-infrared emitting substance. When a 

30 storage space is provided, the area occupied by the 

opening of the storage room is present on the wall face 

of the first and/or second room. By including a 

substance composed of the same molecules as the molecules 

composing the far-infrared emitting substance on the 

35 surface of the indoor side of this section, it is 

possible for the section to function similarly to a wall 

face comprising the substance composed of the same 

(, 
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molecules as the molecules composing the far-infrared 

emitting substance. The content of the substance 

composed of the same molecules as the molecules composing 

the far-infrared emitting substance in this surface is 

5 preferably 1 wt% or greater and more preferably 3 wt% or 

greater, similar to the case of a wall face or the like. 

[0304] 

The storage room door may be an openable door such 

as a swinging door, or a door with a roll-up structure 

10 (roll screen) or folding structure. The material quality 

15 

is not particularly restricted. For example, a wooden 

door may be used for a Western-style storage room, or a 

paper screen or sliding door may be used for a Japanese­

style storage room. 

[0305] 

According to the invention, the same material as the 

far-infrared emitting substance in the cold energy source 

(or hot energy source) is added to as much of the inner 

surface of the room as possible, so that the inner 

20 surface of the room can be utilized as faces 

participating in exchange of thermal radiation (secondary 

cold radiation surfaces or secondary thermal radiation 

surfaces) to effectively obtain a cooling effect or 

heating effect. Utilizing the storage room door in the 

25 system of (12) above can ensure a surface with efficient 

exchange of thermal radiation. 

[0306] 

The system of (13) above corresponds to the system 

of (7) above wherein the cooling/dehumidifying surface is 

30 constructed of a coating layer comprising the far­

infrared emitting substance, formed on a metal surface. 

By forming a coating layer comprising the far-infrared 

emitting substance on the surface of a metal, it is 

possible to utilize the high cooling efficiency (the 

35 ready cooling property) of the metal and to obtain an 

effective cold radiation function (thermal radiation­

absorbing function) due to migration of heat energy 
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between far-infrared emitting substances. Also, since 

the emissivity of the coating layer can be increased, it 

is possible to incr ease the ability to absorb thermal 

radiation from moisture in the air, and thus increase the 

5 dehumidification efficiency by condensation. That is, it 

10 

is possible to obtain a high dehumidification effect. 

[0307] 

The system of (14) above corresponds to the system 

of (8) above wherein the heating surface is constructed 

of a coating layer comprising the far-infrared emitting 

substance, formed on a metal surface. With the system of 

(14) above, it is possible to utilize the high heating 

efficiency (ready heating property) of the metal and to 

obtain an effective thermal radiation function by 

15 migration of heat energy between the far-infrared 

emitting substances. 

[0308] 

The content ratio of the far-infrared emitting 

substance in the coating layer for (13) and (14) above is 

20 1 wt% or greater, preferably 3 wt % or greater and more 

preferably 20 wt% or greater. The materials other than 

the far-infrared emitting substance composing the coating 

layer may be coating materials, organic binders, 

inorganic binders, adhesives or putties, or various 

25 fillers. For example, a ground product of the far­

infrared emitting substance may be mi xed into the coating 

material or inorganic binder and coated onto the metal 

surface to obtain the coating layer. The mixing amount 

of the far-infrared emitting substance in the coating 

30 layer may be adjusted so as to be 1 wt% or greater, 

preferably 3 wt% or greater and more preferably 20 wt% or 

greater in the hardened state. 

[0309] 

In the sys tems of (7)-(14) above, a reflective 

35 member that reflects far-infrared rays such as a metal 

foil is preferably situated on the outer side (the side 

opposite the room interior) of the layer containing the 

( 
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far-infrared-emitting material on the inner side of the 

room. A heat-insulating material is preferably also 

situated on the outer side of the reflective member. 

Also, the systems of (7)-(14) above preferably have 

5 openings such as windows in the rooms, with a metal blind 

or the like situated therein to limit thermal radiation 

from the exterior into the room. In addition, preferably 

a member provided with a far-infrared ray-reflecting 

layer such as a metal foil on the outer side and with a 

10 layer containing the far-infrared emitting substance on 

the inner side (for example, a roll screen having such a 

structure) is situated in the window, to impart the same 

effect as a wall face containing the far-infrared 

emitting substance, to the opening of the window. 

15 [0310] 

The methods for regulating a living environment 

according to (15)-(17) above make use of the phenomenon 

whereby heat conduction by thermal radiation between 

identical molecular species takes place at higher 

20 efficiency than between non-identical molecular species, 

and the presence of the same far-infrared emitting 

substance in at least part of the cooled surface and the 

inner surface of the room causes the inner surface of the 

room (for example, a wall face) to function as an 

25 absorbing member for far-infrared rays (as a secondary 

cold radiation source) . Also, by including the far­

infrared emitting substance in the fabric of clothing and 

the like, far-infrared rays emitted from the fabric are 

absorbed into the inner surface and cooling surfaces of 

30 the room, thereby reducing the heat radiation quantity 

from the fabric. This creates an environment in which 

thermal radiation from the body is readily absorbed into 

clothing employing the fabric. Also, if the cooling 

surface is changed to a heating surface, it creates an 

35 environment with less heat lost in the form of thermal 

radiation from the body. 

[0311] 



- 130 -

More specifically, according to (15) above, in a 

room comprising a far-infrared emitting substance in at 

least part of the inner surface, a cooling/dehumidifying 

surface that is situated in the room, that comprises a 

5 substance composed of the same molecules as the molecules 

composing the far-infrared emitting substance and that 

when cooled accomplishes dehumidification by 

condensation, is cooled, and the heat radiation quantity 

from a fabric comprising a substance composed of the same 

10 molecules as the molecules composing the far-infrared 

emitting substance is reduced. 

[0312] 

According to (16) above, in a room comprising a far­

infrared emitting substance in at least part of the inner 

15 surface, a heatable heating surface, that is situated in 

the room and comprises a substance composed of the same 

molecules as the molecules composing the far-infrared 

emitting substance, is heated, and the heat radiation 

quantity from a fabric comprising a substance composed of 

20 the same molecules as the molecules composing the far­

infrared emitting substance is increased. 

[0313] 

The inner surface consists of at least part of the 

floor face, wall faces and ceiling face forming the 

25 inside of the room. The far-infrared emitting substance 

is a substance with an emissivity of 0.6 or greater, 

preferably 0.8 or greater and more preferably 0.9 or 

greater at room temperature (25°C). A ceramic or natural 

stone material is preferred as the far-infrared emitting 

30 substance. 

[0314] 

The method for adding the far-infrared emitting 

substance to the inner side of a room may be a method in 

which the inner side of the room is constructed of a 

35 coated wall (plaster wall or sand coated wall) and the 

ground far-infrared emitting ·substance is mixed into its 

starting material, a method in which the ground far-

( 
\ 
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infrared emitting substance is mixed with the coating 

material and the coating material is used to form a 

painted wall, a method in which the ground far-infrared 

emitting substance is mixed with the starting mate r ial of 

5 a building material such as gypsum board, or a method in 

which the ground far-infrared emitting substance is mixed 

with wallpaper. The far-infrared emitting substance may 

be wor ked into a panel to form the inner side of the 

room. 

10 [0315] 

The far-infrared emitting substance content in the 

inner side of the room is preferably 1 wt% or greater, 

more preferably 3 wt% or greater and even more preferably 

10 wt% or greater . This also applies for a 

15 cooling/dehumidifying surface or heating surface. 

[0316] 

The fabric may be a woven fabric or nonwoven fabric. 

The fiber used may be natural fiber or synthetic fiber, 

or a mixture of natural fiber and synthetic fiber. The 

20 method used to add the far-infrared emitting substance 

into the fabric may be a method in which the finely 

ground far-infrared emitting substance is coated onto the 

fabric or the fiber used to form the fabric, or a method 

in which the finely ground far-infrared emitting 

25 substance is mixed with a synthetic fiber starting 

material and the starting material is spun to obtain 

fiber. A method of mixing the finely ground far-infrared 

emitting substance with a dye used to dye the fabric may 

also be employed. The content of the far-infrared 

30 emitting substance in the fabric is 1 wt% or greater, 

preferably 3 wt% or greater and more preferably 10 wt% or 

greater. 

[0317] 

The fabric used may be one generally employed in 

35 clothing, bedding, furniture and other indoor household 

articles. As examples there may be mentioned pajamas and 

shirts using the fabric, mats or beddings (for example, 
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futons or pillows) using the fabric, furniture such as 

beds or sofas using the fabric, general purpose cushions 

or floor cushions using the fabric, coverings including 

bed covers or table cloths using the fabric, and curtains 

5 using the fabric. According to the invention, knitted 

fabrics in knitted goods are also included as fabrics. 

Industrial Applicability 

[0318] 

The present invention can be widely used to regulate 

10 the environments of rooms or spaces in construction or 

architectural fields that provide vario us rooms and 

facilities in which humans live or are active, rooms for 

storage of articles (for example, warehouse ro oms) or 

spaces for display (for example, showcases). 

15 

Reference Numbers List 

[0319] 

1 Living room 

2 Japanese-style room 

20 3, 25 Paper screens 

4 Glass door 

5 Hallway 

7 Lavatory 

8 Bath room 

25 11 Door 

12, 22 Storage rooms 

13, 23 Walls 

14, 24 Glass windows 

15 Blind 

30 21, 31 Sliding doors 

41 Floor 

42 Ceiling 

43, 44 Human bodies 

51 Emitted far-infrared rays 

35 52, 708 Humans 

53 Re-emitted far-infrared rays 

61 Far-infrared r a ys emitted toward cooling/dehumidifying 

/ 

\ 
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surf ace 

62 Far-infrared rays absorbed from body 

100, 700 Rooms 

101 Indoor space 

5 110 Cold/heat radiation device 

111 Cold and hot water generator 

115, 116, 304 Fins 

200, 701 Floor faces 

204 Heater controller 

10 205 Stone floor panel 

300, 702 Wall faces 

301 Cooling/dehumidifying surface 

302 Refrigerant-cooling device 

304a Far-infrared absorption layer 

15 313 Plaster layer 

400, 703 Ceiling faces 

403 Gypsum board 

704 Cooling and dehumidifying face/heating face 

705 Cooling/heating apparatus 

20 707 Clothing 

709 Pillow 



- 134~ 

THE CLAIMS DEFINING THE INVENTION ARB AS FOLLOWS: 

l. An indoor environment regulating system, wherein the 

sys.tern is provided with: 

5 an indoor surface structural member constructed of a 

material comprising a far-infrared emitting substance that 

emits and absorbs far-infrared rays and has a far-infrared 

emi ssi vi ty of O. 6" or gre·at,er, and 

a cooling and/or heating source having a cooling and/or 

10 heating surface constructed of a material comprising the same 

far-infrar.ed emitting substance as the far-infrared emitting 

substance of the indoor surface str~cturaI member, whereby the 

far-infrared emitting substance of the cooling and/or heating 

surface resonates with the far-infrared emitting substance of 

15 the indoor surface structural member via far-infrared rays, and 

wherein the cooling , and/or heating surface is exposed t"! ari 

indoor space, 

20 

and 'wherein when the cooling surface is cooled by th'e 

cooling source, . the cooling 

radiation source during the 

emitting substance of the 

surface becomes a primary cold 

cooling, and the far-infrared 

cooling surface absorbs, via 

resonance, the far-infrared rays emitted by the far·infrared 

emitting substance of the indoor surface structural member, 

. whereby the indoor surface structural member is rendered a 

· 25 secondary cold radiation source to a human body and/or indoor 

environment, and/or 

when the heating surface is heated by the heating source, 

· the he~ting surface. becomes a primary. thermal radiation source 

during the heating, and the far-infrared rays emitted by the 

30 far-infrared emitting substance of the heating surface are 

absorbed, via resonance, by the far-infrared emitting substance 

of the indoor surface structural member, whereby the indoor 

surface structural member is rendered a secondary thermal 
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radiation source to a human body and/or indoor environment. 

2. An indoor environment regulating system according to claim 

l, wherein the indoor surface structural member is constructed 
. . 

5 of stone comprisin~ the far-infrared emitting substance,· or is 

constructed of a material including the far-infrared emitting· 

substance, or has a film comprising the far-infrared emitting 

substance·. 

10 3. An indoor environment regulating system according to claim 

l or 2, wherein the cooling and/or heating surface of the 

cooling and/or . heating source is constructed of 

comprising the far-infrared emitting substance, 

stone 

or is 

constructed of a material including the far-infrared emitting 

15 substance, or is constructed of a film comprising the far­

infrared emitting substance, 

4. An indoor environment regulating system according to any 

one of claims l to 3, wherein the indoor surface structural 

20 member and the cooling and/or heating source are present in the 

same room. 

5. An indoor environment regulating system according to any 

one of claims l to 4 wherein, with a first room. and a second 

25 room that are either adjacent or connected, the cooling and/or 

heating .!!Ource is located in the· first room while the indoor 

surface structural member is located in ·either or both the 

first room and second room. 

30 6. An indoor environment regulating system according to any 

one of claims l to S, wherein the indoor surface structural 

member constitutes at least part of the wall face, ceiling face 

or floor face of an indoor space whose environment is t be 
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regulated. 

7, An indoor environment regulating system ·according to any 

one of cla'ims l to ~. wherein the indoor surface structural 

5 member contains the far-infrared emitting substance at l wt~ or 
,r. 

greater. 

a. An . indoor environmept regulating system according to any 

one of claims l to 7, wherein the cooling and/or heating 

10 surface of the cooling and/or. heating source is constructed 

with ·p. covering layer that contains the far-infrared em~tting 

substance at 1 wt% or greater. 

9. _An indoor ~nvironment regulating system according to claim 

15 8, wherein the .cooling·and/or heating·source is a device that 

cools and/or heats the cooling and/or heating surface by 

circulating a medium through an internally formed fluid 

chann.;l. 

20 10. An indoor environment regulating system according to claim 

a, wherein the cooling and/or heating surface of the device is 

formed by coating a material forming the fluid channel with a 

material comprising the far-infrared emitting substance. 

25 11. An indoor environment regulating system according to c1aim 

a, wherein the covering layer is formed on the surfaces of heat 

exchange fins made of a metal material. 

12; An indoor envfronrnent regulating system according to any 

30 one of claims l to 11, wherein the cooling surface carries out 

dehumidification by condensation. 

13. An indoor environment regulating s~tem according to any 
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one of· claims 1 to 12, wherein the indoor sur.face structural 

member comprising the far-infrared emitting substance has a 

total surfaoe area· of at least 25% of the inner area of the 

room in which the indoor surface structural member is ·located. 

14. lU1 indoor environment regulating system according to claim 

5, wherein 'if means for partitioning the first room and second 

room are present, the partitioning means comprises the ·far• 

infrared emitting substance. 

15. An indoor environment regulating system according to claim 

14, wherein the partitioning means is opening and closing 

means. 

15 16. lU1 indoor environment regulating system according to any 

one of claims 1 to. 15; wherein at leas' one of articles in the 

indoor space comprises the far-infrared emitting substance. 

20 

25 

30 

17. An indoor environment regulating system according to any 

one of claims 1 to 16, which is used to regulate the 

environment in a closed space where humans are active or 

living, a closed space in which articles are . stored or 

exhibited, a closed space for breeding of animals or a closed 

space for transport vehicles. 

18. An indoor environment regulating system according to any 

one of claims l to 17, wherein the cooling and/or heating 

surface constructed of the material comprising the far-infrared 

emitting substance has a protective layer. 

19. An indoor environment regul~ting system according to claim 

18, wherein the protective layer has a thickness of no greater 

than 1 mm. 
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20. A method for. regulating an indoor environment using the 

indoor environment regulating system according to any one of 

claims l to 19. 


