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DESCRIPTION 

 

Title of Invention 

RADIANT COOLING AND HEATING APPARATUS 

 

Technical Field 

 [0001] 

 The present invention relates to a radiant cooling  

and heating apparatus. 

Background Art 

 [0002] 

 The present inventors have previously proposed a 

radiant cooling and heating apparatus with which se nsible 

temperatures can be controlled by directly exerting  far-

infrared rays on human bodies using resonance betwe en far-

infrared radiation substances applied to, for examp le, the 

surfaces of radiators (cooling and heating radiant panels) 

and far-infrared radiation substances included in w all 

materials and/or ceiling materials (for example, PT L 1) 

and put the apparatus into practical use. 

 [0003] 

 In the above-described radiant cooling and heating  

apparatus, a cooling and/or heating surface is cons tituted 

of a radiator having a fin, and a drain outlet is p rovided 

in a water droplet-receiving portion below the radi ator in 
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order to discharge water droplets generated on the surface 

of the radiator due to the condensation of moisture  in the 

air during cooling operations outdoors. 

 [0004] 

 In addition, even in ordinary radiant cooling and 

heating apparatuses of the related art in which far -

infrared radiation substances are not used, water d roplets 

generated on the surfaces of radiators due to conde nsation 

during cooling operations are discharged outdoors f rom a 

drain outlet. 

 

Citation List 

 Patent Literature 

 [0005] 

 [PTL 1]  JP-A-2011-106808 

 

Summary of Invention 

Technical Problem 

 [0006] 

 The present inventors had an object of purifying a nd 

reusing water droplets generated on the surfaces of  

cooling and heating radiant panels due to the conde nsation 

of moisture in the air during cooling operations in  

radiant cooling and heating apparatuses and achieve d the 

present invention. 
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Solution to Problem 

 [0007] 

 The present invention provides the following 

inventions in order to achieve the above-described object. 

 (1) A radiant cooling and heating apparatus, 

including: a cooling and/or heating surface which i s 

constituted of a cooling and heating radiant panel;  a 

drain outlet which is provided in a water droplet-

receiving portion below the cooling and heating rad iant 

panel in order to discharge water droplets generate d on a 

surface of the cooling and heating radiant panel du e to 

condensation of moisture in the air during cooling 

operations; and a storage tank for storing and reus ing 

condensed water discharged from the drain outlet, i n which 

the supplied condensed water comes into contact wit h a 

far-infrared radiation substance in the storage tan k 

and/or comes into contact with a far-infrared radia tion 

substance outside the storage tank and then circula tes 

into the storage tank. 

 (2) The radiant cooling and heating apparatus 

according to (1), in which the surface of the cooli ng and 

heating radiant panel includes a far-infrared radia tion 

substance. 

 (3) The radiant cooling and heating apparatus 
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according to (1) or (2), in which an inside surface  of the 

storage tank includes a far-infrared radiation subs tance. 

 (4) The radiant cooling and heating apparatus 

according to any one of (1) to (3), in which a far-

infrared radiation substance is provided in a botto m 

portion of the storage tank. 

 (5) The radiant cooling and heating apparatus 

according to any one of (1) to (4), in which a tank  or a 

flow passage including a far-infrared radiation sub stance 

is provided outside the storage tank so as to bring  the 

condensed water supplied to the storage tank into c ontact 

with the far-infrared radiation substance outside t he 

storage tank and then circulate the condensed water  into 

the storage tank. 

 (6) The radiant cooling and heating apparatus 

according to any one of (1) to (5), in which the co ndensed 

water discharged from the drain outlet is further b rought 

into contact with a far-infrared radiation substanc e and 

then is supplied to the storage tank. 

 (7) The radiant cooling and heating apparatus 

according to any one of (1) to (6), in which the ra diant 

cooling and heating apparatus has an indoor surface -

constituting member constituted of a material inclu ding a 

far-infrared radiation substance which radiates and  

absorbs far-infrared rays and has a far-infrared 
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emissivity of 0.6 or higher, the surface of the coo ling 

and heating radiant panel is constituted of a mater ial 

including the same far-infrared radiation substance  as the 

far-infrared radiation substance of the indoor surf ace-

constituting member, and when the surface of the co oling 

and heating radiant panel is cooled, the far-infrar ed 

radiation substance on the surface absorbs far-infr ared 

rays radiated by the far-infrared radiation substan ce of 

the indoor surface-constituting member, and/or, whe n the 

surface of the cooling and heating radiant panel is  heated, 

the far-infrared radiation substance of the indoor 

surface-constituting member absorbs far-infrared ra ys 

radiated by the far-infrared radiation substance on  the 

heated surface. 

 (8) A method for using condensed water, including:  

using condensed water purified by the radiant cooli ng and 

heating apparatus according to any one of (1) to (7 ) as 

purified water. 

 

Advantageous Effects of Invention 

 [0008] 

 According to the present invention, it is possible  

to provide a radiant cooling and heating apparatus with 

which water droplets generated on the surface of a cooling 

and heating radiant panel due to the condensation o f 
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moisture in the air during cooling operations can b e 

purified and reused. 

 

Brief Description of Drawings 

 [0009] 

 Fig. 1 is a schematic view illustrating an 

embodiment of a radiant cooling and heating apparat us of 

the present invention. 

 

Description of Embodiments 

 [0010] 

 In a radiant cooling and heating apparatus of the 

present invention, a cooling and/or heating surface  is 

constituted of a cooling and heating radiant panel,  and a 

drain outlet is provided in a water droplet-receivi ng 

portion below the cooling and heating radiant panel  in 

order to discharge water droplets generated on the surface 

of the cooling and heating radiant panel due to the  

condensation of moisture in the air during cooling 

operations.  Furthermore, a storage tank for storin g and 

reusing condensed water discharged from the drain o utlet 

is provided, and the storage tank is constituted so  that 

the supplied condensed water comes into contact wit h a 

far-infrared radiation substance in the storage tan k 

and/or comes into contact with a far-infrared radia tion 
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substance outside the storage tank and then circula tes 

into the storage tank. 

 [0011] 

 The radiant cooling and heating apparatus is not 

particularly limited as long as cold water or hot w ater 

passes through the cooling and heating radiant pane l; 

however, in the present invention, preferably, it i s 

possible to employ a radiant cooling and heating ap paratus 

having an indoor surface-constituting member consti tuted 

of a material including a far-infrared radiation su bstance 

which radiates and absorbs far-infrared rays and ha s a 

far-infrared emissivity of 0.6 or higher, in which the 

surface of the cooling and heating radiant panel is  

constituted of a material including the same far-in frared 

radiation substance as the far-infrared radiation 

substance of the indoor surface-constituting member , and 

when the surface of the cooling and heating radiant  panel 

is cooled, the far-infrared radiation substance on the 

surface absorbs far-infrared rays radiated by the f ar-

infrared radiation substance of the indoor surface-

constituting member, and/or, when the surface of th e 

cooling and heating radiant panel is heated, the fa r-

infrared radiation substance of the indoor surface-

constituting member absorbs far-infrared rays radia ted by 

the far-infrared radiation substance on the heated surface.  
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Hereinafter, this example will be described as an a spect. 

 [0012] 

 The indoor surface-constituting member is 

constituted of a far-infrared radiation substance, is 

constituted of a material into which a far-infrared  

radiation substance is mixed, or has a membrane mad e of a 

far-infrared radiation substance.  The cooling and/ or 

heating surface of a cooling and/or heating source is 

constituted of a far-infrared radiation substance, is 

constituted of a material into which a far-infrared  

radiation substance is mixed, or is constituted of a 

membrane made of a far-infrared radiation substance . 

 [0013] 

 In the present invention, the indoor surface-

constituting member refers to a member constituting  

surfaces exposed to enclosed spaces which are subje cts of 

environmental adjustment.  The enclosed space may i nclude 

opening and closing means that enables communicatio n 

between the inside and outside of the enclosed spac e such 

as doors or windows.  The enclosed space is not 

particularly limited and, generally, refers to room s, 

corridors, or the like in buildings in which human beings 

live and act.  At least a part of the indoor surfac e-

constituting member is constituted of a far-infrare d 

radiation substance that radiates and absorbs far-i nfrared 
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rays necessary for the adjustment of indoor environ ments 

in the present invention, is constituted of a mater ial 

into which a far-infrared radiation substance is mi xed, or 

has a membrane made of a far-infrared radiation sub stance.  

In order to efficiently radiate and absorb far-infr ared 

rays, the far-infrared radiation substance that is mixed 

into the indoor surface-constituting member is pref erably 

exposed to indoor spaces.  However, the far-infrare d 

radiation substance in the indoor surface-constitut ing 

member does not need to be directly exposed to indo or 

spaces and may be covered with a protective layer ( for 

example, a paint film, a varnish layer, a wallpaper , or 

the like having a thickness of approximately 1 mm o r 

smaller) as long as the radiation and absorption of  far-

infrared rays by the far-infrared radiation substan ce is 

not significantly inhibited. 

 [0014] 

 Far-infrared radiation substances refer to 

substances that radiate and absorb far-infrared ray s, but 

the far-infrared radiation substance used in the pr esent 

invention is a far-infrared radiation substance hav ing a 

far-infrared emissivity of 0.6 or higher and prefer ably 

0.8 or higher. 

 [0015] 

 The above-described far-infrared radiation substan ce 
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is generally so-called inorganic materials, and exa mples 

thereof include natural and artificial minerals, ox ides, 

nitrides, carbides, sulfides, hydroxides, and the l ike of 

metals and semimetals, salts such as carbonate and 

composites (double salts) thereof, coal, and the li ke, 

additionally, natural materials such as seashells, and the 

like.  In addition, a majority of far-infrared radi ation 

substances in the present invention are ceramic mat erials 

(referring to inorganic materials other than metal)  in a 

broad sense, but organic substances or substances d erived 

from organic substances can also be used as long as  the 

above-described emissivity condition is satisfied. 

 [0016] 

 In the present invention, the form of the far-

infrared radiation substance in members including t he far-

infrared radiation substance is not particularly li mited 

as long as the members including the far-infrared 

radiation substance are capable of radiating and ab sorbing 

far-infrared rays and, typically, can be the form o f 

single articles (stone materials) made of far-infra red 

radiation substances, members including the particl es, 

powder, aggregates, and the like (these will also b e 

referred to as particles) of far-infrared radiation  

substances, members including the membranes of far-

infrared radiation substances, and the like.  In th e 
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present invention, “stone materials made of far-inf rared 

radiation substances” refer to solid single article s made 

of natural or artificial inorganic materials and ar e, 

generally, used as panel or tile-shaped constructio n 

materials and the like.  Examples of natural stone 

materials include granite, basalt, and the like.  I t is 

needless to say that the stone materials may be 

artificially-manufactured stone materials.  Constru ction 

materials such as artificial panels or other single  

article members can be considered as stone material s. 

 [0017] 

 In the present invention, materials into which far -

infrared radiation substances are mixed refer to ma terials 

including far-infrared radiation substances as part  of the 

constituent components.  In this case, typically, t he far-

infrared radiation substances are the particles of natural 

or artificial inorganic materials and are mixed int o 

manufacturing materials for the indoor surface-

constituting member. 

 [0018] 

 In the present invention, membranes made of far-

infrared radiation substances refer to membranes of  far-

infrared substances formed on the surfaces of the i ndoor 

surface-constituting member or the cooling and/or h eating 

source.  These membranes can be formed by coating s ubject 
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surfaces with far-infrared radiation substances usi ng 

appropriate membrane-forming techniques, for exampl e, 

physical vapor deposition (PVD) techniques such as 

spraying and vapor deposition or chemical vapor dep osition 

(CVD) techniques. 

 [0019] 

 In the present invention, the far-infrared radiati on 

substance of the indoor surface-constituting member  and 

the far-infrared radiation substance on the surface  of the 

cooling and heating radiant panel are the same as e ach 

other.  In the radiant cooling and heating apparatu s of 

the present invention, indoor environments are adju sted by 

migrating heat at a high efficiency through thermal  

radiation between the indoor surface-constituting m ember 

and the surface of the cooling and heating radiant panel 

using a phenomenon in which heat migrates through t hermal 

radiation at a higher efficiency between the same 

molecular species than between different molecular species.  

Therefore, in order to make the radiant cooling and  

heating apparatus of the present invention exhibit desired 

functions, it is necessary that substances of the s ame 

molecular species are present in the indoor surface -

constituting member and the surface of the cooling and 

heating radiant panel between which heat migrates t hrough 

thermal radiation.  In the present invention, the f ar-
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infrared radiation substance of the indoor surface-

constituting member and the far-infrared radiation 

substance of the cooling and/or heating source whic h are 

constituted of the same molecular species will be r eferred 

to as the same substances.  Here, “the same molecul ar 

species” means that one substance which exhibits 

properties of radiating and absorbing far-infrared rays 

and has a far-infrared emissivity of 0.6 or higher and 

preferably 0.8 or higher (for example, the far-infr ared 

radiation substance used in the indoor surface-

constituting member) and the other substance which 

exhibits properties of radiating and absorbing far-

infrared rays and has a far-infrared emissivity of 0.6 or 

higher and preferably 0.8 or higher (for example, t he far-

infrared radiation substance used on the surface of  the 

cooling and heating radiant panel) are the same as each 

other in the molecular level.  Here, molecules refe r to 

groups of atoms bonded by means of chemical bonds.  

Therefore, examples of molecules mentioned herein a lso 

include crystal and the like of minerals constituti ng 

natural stone materials.  The same minerals in whic h 

similar elements are substituted or form solid solu tions 

are considered as substances of the same molecular species.  

Natural minerals are generally constituted of a plu rality 

of compounds, and furthermore, there are cases in w hich 
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the crystal structures of the compounds differ depe nding 

on portion in the minerals in a macroscopic level.  

However, in this case, minerals excavated from the same 

origin are aggregates of substances of substantiall y the 

same molecular species having substantially the sam e 

composition and may be considered as the same as 

substances of the same molecular species as a whole . 

 [0020] 

 In a case in which inorganic material particles ar e 

used as the above-described far-infrared radiation 

substance in the indoor surface-constituting member  or the 

surface of the cooling and heating radiant panel, i t is 

not unusual that substances other than inorganic ma terial 

particles as the far-infrared radiation substance c oexist 

in the indoor surface-constituting member or the su rface 

of the cooling and heating radiant panel.  For exam ple, in 

a case in which the indoor surface-constituting mem ber is 

formed of mortar including inorganic material parti cles as 

the far-infrared radiation substance or a case in w hich 

paint including inorganic material particles as the  far-

infrared radiation substance is applied onto the su rface 

of the cooling and heating radiant panel, inorganic  

material particles as the above-described far-infra red 

radiation substance coexist with binder components and the 

like in aggregates or paint in mortar.  In such a c ase, 
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the above-described substances other than inorganic  

material particles as the far-infrared radiation su bstance 

also have properties of radiating or absorbing far-

infrared rays to a greater or lesser extent.  Howev er, in 

the present invention, since a phenomenon in which heat 

migrates through thermal radiation at a significant ly 

higher efficiency between the same molecular specie s than 

between different molecular species, the roles of 

substances that are not commonly present in both th e 

indoor surface-constituting member and the surface of the 

cooling and heating radiant panel in the present in vention 

are extremely small or ignorable.  Therefore, in th e 

following description of the present invention, in a case 

in which “far-infrared radiation substances” are me ntioned, 

they refer to the same substances which are commonl y 

present in both the indoor surface-constituting mem ber and 

the surface of the cooling and heating radiant pane l and 

have a far-infrared emissivity of 0.6 or higher and  

preferably 0.8 or higher (substances causing resona nce 

phenomena of molecular vibrations between the same 

molecules through electromagnetic waves). 

 [0021] 

 In a case in which inorganic material particles ar e 

used as the far-infrared radiation substance in bot h the 

indoor surface-constituting member and the surface of the 
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cooling and heating radiant panel, the particle dia meters 

or shapes of both particles may be the same as or 

different from each other.  The amounts of inorgani c 

material particles blended into both the indoor sur face-

constituting member and the surface of the cooling and 

heating radiant panel also do not need to be the sa me as 

each other.  In addition, in a case in which the in door 

surface-constituting member forms wall surfaces or ceiling 

surfaces, and inorganic material particles are used  as the 

far-infrared radiation substances, the particle dia meters 

or shapes of the far-infrared radiation substances in wall 

surfaces and ceiling surfaces may be the same as or  

different from each other.  In this case, inorganic  

material particles are blended into the indoor surf ace-

constituting member (for example, construction mate rials 

forming wall surfaces or ceiling surfaces) in amoun ts at 

which desired heat migration by the present inventi on 

through thermal radiation between the same molecula r 

species is enabled.  At this time, as construction 

materials forming wall surfaces and construction ma terials 

forming ceiling surfaces, the amount of inorganic m aterial 

particles blended may be the same as or different f rom 

each other.  This fact also applies to inorganic ma terial 

particles of far-infrared radiation substances in e ach of 

two or more wall surfaces. 
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 [0022] 

 In the indoor surface-constituting member and the 

surface of the cooling and heating radiant panel, a  

plurality of kinds of far-infrared radiation substa nces 

may be used.  In a case in which far-infrared radia tion 

substances are stone materials, combinations of two  or 

more kinds of stone materials can be used for the i ndoor 

surface-constituting member or the surface of the c ooling 

and heating radiant panel.  In a case in which far-

infrared radiation substances are inorganic materia l 

particles, mixtures of two or more kinds of inorgan ic 

material particles can be used.  In any cases, when  the 

combination of inorganic material particles in the indoor 

surface-constituting member and the combination of 

inorganic material particles on the surface of the cooling 

and heating radiant panel are the same as each othe r (when 

the same combinations are included), these combinat ions 

are considered as “the same substances”. 

 [0023] 

 Inorganic material particles as the far-infrared 

radiation substances included in the indoor surface -

constituting member and the surface of the cooling and 

heating radiant panel are present in amounts at whi ch 

desired heat migration through thermal radiation be tween 

the same molecular species is enabled.  Generally, it is 
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considered that, in many cases, the indoor surface-

constituting member and the surface of the cooling and 

heating radiant panel are produced by different mak ers at 

places other than construction sites and are transp orted 

into construction sites or installed at constructio n sites.  

Therefore, it is considered that, in many cases, co mmon 

inorganic material particles as the far-infrared ra diation 

substances are mixed into the indoor surface-consti tuting 

member and the surface of the cooling and heating r adiant 

panel by different makers or installers.  In such c ases, 

the contents of inorganic material particles as the  far-

infrared radiation substance refer to the amounts o f 

common inorganic material particles included in ind ividual 

manufacturing materials for the indoor surface-

constituting member and the surface of the cooling and 

heating radiant panel by different makers.  The con tents 

of inorganic material particles in the indoor surfa ce-

constituting member and materials for forming the s urface 

of the cooling and heating radiant panel can be det ermined 

as amounts at which heat migration by the present 

invention through thermal radiation is made effecti ve.  

Those amounts are dependent on the amounts of heat 

migration necessary for desired cooling and/or heat ing, 

the areas of the indoor surface-constituting member  and 

the cooling and/or heating surface which can be use d for 



- 19 - 

heat migration through thermal radiation, the therm al 

radiation characteristics of far-infrared radiation  

substances being used, and the like.  In measuremen t tests 

described below, effective effects are admitted in a case 

in which 1% by weight or more of inorganic material  

particles as the far-infrared radiation substance a re 

present in materials for the indoor surface-constit uting 

member or materials forming the surface of the cool ing and 

heating radiant panel, and preferred effects can be  

obtained in a case in which 3% by weight or more of  

inorganic material particles as the far-infrared ra diation 

substance are present.  Meanwhile, in a case in whi ch 

inorganic material particles are used as the far-in frared 

radiation substance, the upper limit of the content s 

thereof is determined by the maximum amount of inor ganic 

material particles that can be actually included in  

materials forming the indoor surface-constituting m ember 

and the surface of the cooling and heating radiant panel 

and is not particularly limited (theoretically, may  be, 

for example, even 90% by weight). 

 [0024] 

 In the present invention, as inorganic material 

particles as the far-infrared radiation substance, a 

plurality of kinds of substances may be used (a plu rality 

of kinds of the above-described substances that are  “the 
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same as each other in the molecular level” may be u sed).  

In this case, it is possible to use the same mixtur es of 

inorganic material particles in the indoor surface-

constituting member and the surface of the cooling and 

heating radiant panel.  In this case, the contents of 

inorganic material particle in materials for the in door 

surface-constituting member and materials forming t he 

surface of the cooling and heating radiant panel ar e 

expressed using the total amount of a plurality of kinds 

of the same substances in mixtures. 

 [0025] 

 In order to efficiently radiate and absorb far-

infrared rays, the far-infrared radiation substance s are 

preferably exposed to indoor spaces in which enviro nment 

adjustment is carried out as much as possible.  How ever, 

even when the far-infrared radiation substances are  not 

directly exposed to indoor spaces, there are no 

significant problems as long as the far-infrared ra diation 

substances are covered with approximately 1 mm or t hinner 

protective layers (for example, paint films, varnis h 

layers, wallpapers, or the like). 

 [0026] 

 The far-infrared emissivity of the far-infrared 

radiation substance being used in the present inven tion is 

0.6 or higher, preferably 0.8 or higher, and more 
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preferably 0.9 or higher.  Far-infrared rays refer to 

electromagnetic waves having wavelengths in a range  of 3 

µm to 1,000 µm.  The emissivity of materials is defined as 

W/W0 in a case in which, under the same conditions, the  

far-infrared radiation energy of an ideal black bod y is 

represented by W 0, and the far-infrared radiation energy 

of the material is represented by W.  The value of the 

emissivity is preferably the emissivity at room 

temperature (for example, 25 °C) near the actual operation 

temperature of the system of the present invention,  and, 

for example, values at near 10 µm at which thermal actions 

to human bodies are significant are employed. 

 [0027] 

 In an aspect of the present invention, the surface  

of the fin in the cooling and heating radiant panel  is 

coated by mixing a crushed substance of the far-inf rared 

radiation substance and a binder and applying and d rying 

the mixture in a lamellar shape.  For example, on t he 

surface of the fin, an approximately 200 µm-thick coating 

layer constituted of white paint into which a crush ed 

substance of granite having a far-infrared emissivi ty 

exhibiting numeric values exceeding 0.9 (hereinafte r, 

referred to as stone powder) is mixed is formed.  T he 

particle diameter of stone powder in the coating la yer is 

50 µm or smaller.  The content ratio of the stone powde r 
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in the coating layer is set to 20% by weight in a c ured 

state (dried state) of the paint.  Here, the coolin g and 

heating radiant panel having the cooling and/or hea ting 

surface is constituted of a radiator having a fin c oated 

with the far-infrared radiation substance, and a dr ainage 

system reaching from the drain outlet in the water 

droplet-receiving portion below the radiator to an outdoor 

drain exit is provided in order to discharge water 

droplets generated on the surface of the radiator d ue to 

the condensation of moisture in the air during cool ing 

operations outdoors. 

 [0028] 

 The radiator includes, for example, a plurality of  

aluminum fins having coated surfaces.  These fins h ave 

thin plate shapes and vertically extend.  The fins can 

also be produced using other metals or alloy materi als 

having favorable thermal conductivity, for example,  iron, 

copper, or alloys thereof.  The surface of the fin is 

coated by mixing a crushed substance of the far-inf rared 

radiation substance and a binder and applying and d rying 

the mixture in a lamellar shape. 

 [0029] 

 The fins are integrally formed with an aluminum 

supporting plate.  The rear surface side of the sup porting 

plate is exposed to a coolant passage.  In the cool ant 
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passage, cold water circulates as a coolant.  This coolant 

is cooled using a coolant cooling apparatus which i s a 

cooling source.  The cooling mechanism of the coola nt 

cooling apparatus is the same as that used in ordin ary air 

conditioning apparatuses or refrigerators. 

 [0030] 

 Below a cooling surface, a drain outlet is provide d.  

When cooling water circulates in the coolant passag e, the 

fins are cooled, the far-infrared radiation substan ces on 

the surfaces of the fins are also cooled, and far-i nfrared 

rays radiated from the indoor surface-constituting member 

included in floor surfaces, wall surfaces, and ceil ing 

surfaces are absorbed, thereby cooling the environm ent in 

rooms.  In addition, moisture included in the air i n 

indoor spaces is condensed on the surface of the co oling 

surface.  The condensed water drops into the drain outlet, 

migrates from the drain outlet to the drain exit, a nd is 

discharged outdoors. 

 [0031] 

 Due to the cooling and/or heating source, the 

cooling and heating radiant apparatus is preferably  used, 

and it is possible to switch cold radiation and the rmal 

radiation.  Cold radiation refers to an action of t he 

cooling and heating radiant apparatus absorbing the rmal 

radiation from the periphery when being cooled, and  
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thermal radiation refers to an action of the coolin g and 

heating radiant apparatus performing thermal radiat ion 

toward the periphery when being heated. 

 [0032] 

 The above-described cooling and heating radiant 

apparatus is connected to a cold and hot water gene ration 

apparatus which is an outdoor device.  The cold and  hot 

water generation apparatus has a heat pump function  and 

generates cold water or hot water.  This heat pump 

function works in the same principle as that used i n 

ordinary air conditioners and the like.  Meanwhile,  when 

only a cooling effect is required, the apparatus ma y have 

only a cold water generation function.  In addition , when 

only a heating effect is required, the apparatus ma y have 

only a hot water generation function. 

 [0033] 

 When cold water is supplied from the cold and hot 

water generation apparatus to the cooling and heati ng 

radiant apparatus, the fins are cooled, and 

dehumidification by means of condensation is carrie d out.  

In addition, when cooled, the surfaces of the fins 

function as cooling surfaces that carry out cold ra diation.  

In addition, when hot water is supplied from the co ld and 

hot water generation apparatus to the cooling and h eating 

radiant apparatus, the fins are warmed, and the sur faces 
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of the fins function as heating surfaces (thermal 

radiation surfaces).  Meanwhile, cold water refers to 

water cooled using the cooling function of the cold  and 

hot water generation apparatus, and hot water refer s to 

water heated using the heating function of the cold  and 

hot water generation apparatus.  As described above , water 

droplets condensed on the fins are dropped and coll ected 

in a tray below and are discharged outdoors from th e drain 

outlet. 

 [0034] 

 In an aspect of the present invention, on the 

surface of the fin, an approximately 200 µm-thick coating 

layer constituted of white paint into which a crush ed 

substance of granite having a far-infrared emissivi ty 

exhibiting numeric values exceeding 0.9 (hereinafte r, 

referred to as stone powder) is mixed is formed.  T he 

particle diameter of stone powder in the coating la yer is 

50 µm or smaller.  The content ratio of the stone powde r 

in the coating layer is set to 20% by weight in a c ured 

state (dried state) of the paint.  This coating lay er 

functions as a cooling and dehumidification surface  and a 

heating surface. 

 [0035] 

 In addition, in the radiant cooling and heating 

apparatus of the present invention, a storage tank for 
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supplying condensed water discharged from the drain  outlet 

is provided.  The storage tank is generally install ed 

outdoors and is constituted so that the supplied co ndensed 

water comes into contact with a far-infrared radiat ion 

substance in the storage tank.  The far-infrared ra diation 

substance may be the same as or different from the far-

infrared radiation substance included in the surfac e of 

the cooling and heating radiant panel. 

 [0036] 

 The storage tank is constituted so that the suppli ed 

condensed water comes into contact with a far-infra red 

radiation substance.  For example, the inside surfa ce of 

the storage tank may be coated with a far-infrared 

radiation substance, or a far-infrared radiation su bstance 

may be provide on the bottom portion and the like o f the 

storage tank.  The form of the far-infrared radiati on 

substance disposed in the storage tank is not parti cularly 

limited and, typically, can be the form of single a rticles 

having a panel or tile shape which are made of far-

infrared radiation substances, members including th e 

particles, powder, aggregates, and the like (these will 

also be collectively referred to as particles) of f ar-

infrared radiation substances, members having the 

membranes of far-infrared radiation substances, and  the 

like.  In the case of particles, the diameters ther eof are 
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generally selected from a range of approximately 5 µm to 

500 µm.  The membranes can be formed by coating subject 

surfaces with far-infrared radiation substances usi ng 

appropriate membrane-forming techniques, for exampl e, PVD 

techniques such as spraying and vapor deposition or  CVD 

techniques. 

 [0037] 

 In the present invention, it is also possible to 

further bring condensed water discharged from the d rain 

outlet into contact with a far-infrared radiation 

substance and then supply the condensed water to th e 

storage tank.  That is, condensed water is supplied  to the 

storage tank through a flow passage including a far -

infrared radiation substance-filled layer. 

 [0038] 

 Furthermore, in the present invention, it is also 

possible to provide a tank or a flow passage (prefe rably 

including a far-infrared radiation substance-filled  layer) 

including a far-infrared radiation substance outsid e the 

storage tank so that condensed water supplied to th e 

storage tank comes into contact with the far-infrar ed 

radiation substance outside the storage tank and th en 

circulates into the storage tank. 

 [0039] 

 In the present invention, temperatures at which 
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condensed water is brought into contact with the fa r-

infrared radiation substance is not particularly li mited, 

but is generally in a range of 5 °C to 25 °C.  The contact 

duration is also not particularly limited, can be 

appropriately selected depending on the temperature  and 

the use intention, but is generally in a range of 1  hour 

to 72 hours.  Water obtained as described above can  be 

reused as domestic water and gardening water.  Sinc e water 

supplied to the storage tank is condensed water gen erated 

on the surface of radiators due to the condensation  of 

moisture in the air and is further subjected to the  above-

described purification treatment, the water can als o be 

used as potable water. 

 [0040] 

 Fig. 1 is a schematic view illustrating an 

embodiment of the radiant cooling and heating appar atus of 

the present invention.  In Fig. 1, condensed water which 

drops from the surface of a cooling and heating rad iant 

panel 1 and is discharged from a drain outlet 3 in a water 

droplet-receiving portion 2 is sent to a storage ta nk 5 

through a flow passage 4, comes into contact with a  far-

infrared radiation substance 6 disposed on the bott om 

portion of the storage tank and a far-infrared radi ation 

substance 7 applied onto an inside surface of the s torage 

tank 5, and is purified.  The form of the far-infra red 
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radiation substance 6 is not particularly limited.  

Purified condensed water is appropriately discharge d 

through an exit 8 and is used according to the purp oses. 

 

Industrial Applicability 

 [0041] 

 According to the present invention, it is possible  

to provide a radiant cooling and heating apparatus with 

which water droplets generated on the surface of a cooling 

and heating radiant panel due to the condensation o f 

moisture in the air during cooling operations can b e 

purified and used. 

 

Reference Signs List 

 [0042] 

 1 cooling and heating radiant panel 

 2 water droplet-receiving portion 

 3 drain outlet 

 4 flow passage 

 5 storage tank 

 6, 7 far-infrared radiation substance 

 8 exit 
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Claims 

 

[Claim 1] 

 A radiant cooling and heating apparatus, comprisin g: 

 a cooling and/or heating surface which is 

constituted of a cooling and heating radiant panel;  

 a drain outlet which is provided in a water drople t-

receiving portion below the cooling and heating rad iant 

panel in order to discharge water droplets generate d on a 

surface of the cooling and heating radiant panel du e to 

condensation of moisture in the air during cooling 

operations; and 

 a storage tank for storing and reusing condensed 

water discharged from the drain outlet, 

 wherein the supplied condensed water comes into 

contact with a far-infrared radiation substance in the 

storage tank and/or comes into contact with a far-i nfrared 

radiation substance outside the storage tank and th en 

circulates into the storage tank. 

 

[Claim 2] 

 The radiant cooling and heating apparatus accordin g 

to Claim 1, 

 wherein the surface of the cooling and heating 

radiant panel includes a far-infrared radiation sub stance. 
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[Claim 3] 

 The radiant cooling and heating apparatus accordin g 

to Claim 1 or 2, 

 wherein an inside surface of the storage tank 

includes a far-infrared radiation substance. 

 

[Claim 4] 

 The radiant cooling and heating apparatus accordin g 

to any one of Claims 1 to 3, 

 wherein a far-infrared radiation substance is 

provided in a bottom portion of the storage tank. 

 

[Claim 5] 

 The radiant cooling and heating apparatus accordin g 

to any one of Claims 1 to 4, 

 wherein a tank or a flow passage including a far-

infrared radiation substance is provided outside th e 

storage tank so as to bring the condensed water sup plied 

to the storage tank into contact with the far-infra red 

radiation substance outside the storage tank and th en 

circulate the condensed water into the storage tank . 

 

[Claim 6] 

 The radiant cooling and heating apparatus accordin g 
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to any one of Claims 1 to 5, 

 wherein the condensed water discharged from the 

drain outlet is further brought into contact with a  far-

infrared radiation substance and then is supplied t o the 

storage tank. 

 

[Claim 7] 

 The radiant cooling and heating apparatus accordin g 

to any one of Claims 1 to 6, 

 wherein the radiant cooling and heating apparatus 

has an indoor surface-constituting member constitut ed of a 

material including a far-infrared radiation substan ce 

which radiates and absorbs far-infrared rays and ha s a 

far-infrared emissivity of 0.6 or higher, 

 the surface of the cooling and heating radiant pan el 

is constituted of a material including the same far -

infrared radiation substance as the far-infrared ra diation 

substance of the indoor surface-constituting member , 

 when the surface of the cooling and heating radian t 

panel is cooled, the far-infrared radiation substan ce on 

the surface absorbs far-infrared rays radiated by t he far-

infrared radiation substance of the indoor surface-

constituting member, and/or, 

 when the surface of the cooling and heating radian t 

panel is heated, the far-infrared radiation substan ce of 
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the indoor surface-constituting member absorbs far-

infrared rays radiated by the far-infrared radiatio n 

substance on the heated surface. 

 

[Claim 8] 

 A method for using condensed water, comprising: 

 using condensed water purified by the radiant 

cooling and heating apparatus according to any one of 

Claims 1 to 7 as purified water. 


