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[TITLE OF DOCUMENT] SPECIFICATION 

[TITLE OF THE INVENTION] HEATING ELEMENT COVER COMP ONENT, 

HEATING ELEMENT COVER, RADIANT COOLING AND HEATING APPARATUS, 

AND AIR CONDITIONING SYSTEM 

[Technical Field] 

 [0001] 

 The present invention relates to a heating element  cover 

component, a heating element cover, a radiant cooli ng and heating 

apparatus, and an air conditioning system.  Specifi cally, the 

present invention relates to a heating element cove r component 

for protecting a heating element of a radiant cooli ng and heating 

apparatus and having an excellent close-fitting pro perty with 

a heating element disposed inside and excellent in thermal 

conductivity and a heating element cover, a radiant  cooling 

and heating apparatus, and an air conditioning syst em using 

the same heating element cover component. 

[Background Art] 

 [0002] 

 Conventionally, various radiant cooling and heatin g 

apparatuses using radiant heat of heat exchangers h ave been 

proposed.  Moreover, in each of the radiant cooling  and heating 

apparatuses, various types of structures have been proposed 

for a cover that covers the heat exchanger part (he reinafter, 



referred to as a "heating element") . As an example of such 

a heating element cover of a radiant cooling and heating 

apparatus, one as shown in Fig. 10 of the following Patent 

Document 1 can be mentioned. 

[0003] 

The heating element cover 9 (described as an "outer shell 

body" in the specification of Patent Document 1) shown in Fig. 

10 has a pair of shell members 91a and 91b having the same shape 

as each other, and in the shell member 91a, an abutting portion 

92a formed with a concave face to be joined so as to be closely 

fitted to an outer surface of a flow pipe 90 being the heating 

element, a projecting piece portion 93a, and a recess portion 

94a are formed, and in the shell member 91b, an abutting portion 

92b formed with a concave face to be joined so as to be closely 

fitted to the outer surface of the flow pipe 90, a projecting 

piece portion 93b, and a recess portion 94b are formed. 

[0004] 

The shell members 91a and 91b have a structure in which 

the respective shell members 91a and 91b are fitted together 

with each other by inserting the projecting piece portion 93a 

into the recess portion 94b and inserting the projecting piece 

portion 93b into the recess portion 94a in a manner of sandwiching 

the flow pipe 90 with the abutting portions 92a and 92b. 
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 [0005] 

 As a result of having the construction described a bove, 

because the heating element cover 9 protects the fl ow pipe 90 

and is a simple structure that can be assembled by only fitting 

together, no special tool or special technique is r equired for 

operation, which enables quick assembly.  Also, bec ause the 

shell members 91a and 91b are identical components,  needless 

expense in component procurement can be eliminated to 

resultingly achieve a reduction in manufacturing co sts. 

[Prior Art Document] 

[Patent Document] 

 [0006] 

 [Patent Document 1] Japanese Patent No. 5544580 

[Summary of the Invention] 

[Problem(s) to be Solved by the Invention] 

 [0007] 

 However, for the heating element cover 9, in actua lity, 

an inner diameter formed by the abutting portions 9 2a and 92b 

is provided slightly larger than an outer diameter of the flow 

pipe 90, and for the resulting gap, an operation of  applying 

or filling with a heat radiation grease has been pe rformed.  

This is because, for closely fitting the abutting p ortions 92a 

and 92b and the flow pipe 90 in a manner not damagi ng the flow 
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pipe 90 by a pressing force applied from the abutti ng portions 

92a and 92b, a high processing accuracy becomes nec essary for 

both of the abutting portions 92a and 92b and the f low pipe 

90. 

 [0008] 

 When a heat radiation grease is used, because a st ep of 

cleaning the surface of the flow pipe 90 followed b y application 

or the like is required, the operation takes time a nd labor, 

and also, the heat radiation grease provided by the  application 

or the like degrades to have a lower conductivity i n some cases. 

 [0009] 

 On the other hand, for heat from the flow pipe 90 being 

transferred to the abutting portions 92a and 92b qu ickly with 

a small heat loss, it is optimal to adopt a structu re in which 

the abutting portions 92a and 92b and the flow pipe  90 are closely 

fitted, and when this structure is realized, the ri se time until 

radiant heat is radiated from the heating element c over 9 can 

also be shortened. 

 [0010] 

 The present invention has been made in view of the  above 

points, and an object thereof is to provide a heati ng element 

cover component for protecting a heating element of  a radiant 

cooling and heating apparatus and having an excelle nt 
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close-fitting property with a heating element dispo sed inside 

and excellent in thermal conductivity and a heating  element 

cover, a radiant cooling and heating apparatus, and  an air 

conditioning system using the same heating element cover 

component. 

[Means for Solving the Problem(s)] 

 [0011] 

 In order to achieve the above object, a heating el ement 

cover component of the present invention includes a  hollow outer 

shell portion of a required length, having required  rigidity 

and thermal conductivity, a substantially half-pipe  shaped 

abutting portion formed with a required thickness a t a required 

site of the outside of the outer shell portion in p arallel with 

a longitudinal direction of the outer shell portion , having 

flexibility and thermal conductivity, and with a sl it 

penetrating in a thickness direction formed over th e entire 

length in parallel with the longitudinal direction,  a connecting 

portion having flexibility and thermal conductivity , 

connecting opposed edges of the abutting portion pa rallel to 

the longitudinal direction with the outer shell por tion, and 

an engaging portion constituted by engaging element s that are 

disposed at line-symmetrical positions using a long itudinal 

straight line located at a widthwise middle of the abutting 
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portion as an axis of symmetry to form a pair struc tured to 

be engageable with each other. 

 [0012] 

 Here, the outer shell portion, as a result of havi ng 

required rigidity, secures strength to such an exte nt that the 

heating element cover component is not easily defor med.  Also, 

the outer shell portion, as a result of having ther mal 

conductivity, can radiate heat transmitted from a c overing 

heating element and absorb heat from the outside (h ereinafter, 

collectively referred to as “exchange heat”).  Furt her, because 

the outer shell portion is hollow, the member weigh t is reduced 

to reduce a load to be applied to the covering heat ing element. 

 [0013] 

 The abutting portion, as a result of having therma l 

conductivity, can exchange heat between a covering heating 

element and the outer shell portion by abutting aga inst the 

heating element.  Also, the abutting portion, as a result of 

being a substantially half-pipe shaped abutting por tion having 

flexibility and with a slit penetrating in a thickn ess direction 

formed over the entire length in parallel with the longitudinal 

direction, even if the covering heating element has  a thickness 

slightly larger than the abutting portions when san dwiching 

the heating element therebetween, can warp in a dir ection in 



which the slit expands in width to enclose the heating element 

in a manner not producing a gap between the heating element 

and the abutting portions. 

[0014] 

As a result of the connecting portion having thermal 

conductivity and connecting the abutting portion and the outer 

shell portion, heat transfers between the heating element and 

the outer shell portion via the abutting portion. Further, 

the connecting portion, as a result of having flexibility, warps 

following an expanding motion of the abutting portion, and 

therefore assists the expanding motion of the abutting portion 

according to the thickness of the heating element. 

[0015] 

The engaging portion, as a result of its engaging elements 

being constructed with the arrangement described above, allows 

assembling a heating element cover by making mutual joining 

portions face to face with another heating element cover 

component having the identical structure and engaging paired 

engaging elements. 

[0016] 

Also, when the slit is formed in a shape that gradually 

narrows from a side of a hollow region in the outer shell portion 

to a direction of an outer surface of the abutting portion, 
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by constructing the abutting portion to be partiall y thin only 

on the periphery of the slit without reducing the t hickness 

thereof in whole, the abutting portion warps with t he slit part 

as a start, and becomes likely to expand in a direc tion in which 

the abutting portion swells. 

 [0017] 

 Additionally, for example, when a heating element cover 

component is manufactured by extruding, if a slit f orming part 

of an extrusion die used is thread-like, it becomes  likely that 

said part chips due to pressurization to pose a pro blem in 

durability of the extrusion die, but by providing t he slit in 

the shape described above, a large slit forming par t can be 

secured in the extrusion die, while the slit that i s to appear 

at the outer surface side of the abutting portion c an be prevented 

from becoming wide in width. 

 [0018] 

 Also, when the outer shell portion, the abutting p ortion, 

the connecting portion, and the engaging portion ar e made of 

aluminum or made of an aluminum alloy, and an alumi te processing 

is applied to an outer surface of the outer shell p ortion, the 

abutting portion, the connecting portion, and the e ngaging 

portion and an inner surface of the outer shell por tion, 

corrosion resistance is improved by a formed film.  
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Particularly, a film formed on the inner surface of  the outer 

shell portion can improve resistance to corrosion c aused by 

a temperature change or dew condensation that occur s in the 

hollow region in the outer shell portion.  Addition ally, a film 

formed on the outer surface of the outer shell port ion etc., 

can improve heat dissipation to increase the effici ency of heat 

exchange.  Further, an alumite film formed on the a butting 

portion does not conduct electricity because of hav ing 

insulating properties and thereby prevents the occu rrence of 

electrolytic corrosion (galvanic corrosion) that po ssibly 

occurs when the heating element being an attaching target is 

a dissimilar metal such as copper. 

 [0019] 

 Also, when one of the engaging elements is a proje cting 

piece that projects in a direction opposite to the outer shell 

portion and is formed with a latching pawl, and the  other of 

the engaging elements is a projecting piece inserti ng portion 

that is set to a size capable of receiving the proj ecting piece 

and is capable of latching the latching pawl, only making 

respective joining portions of a pair of heating el ement cover 

components face to face to be fitted together by in serting the 

projection piece of one heating element cover compo nent into 

the projecting piece inserting portion of the other  heating 
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element cover component to latch the latching pawl and likewise 

inserting the projection piece of the other heating  element 

cover component into the projecting piece inserting  portion 

of the one heating element cover component to latch  the latching 

pawl allows strongly fixedly fixing the respective heating 

element cover components. 

 [0020] 

 In this case, because the engaging elements have a  simple 

structure of only fitting the projecting piece and the projecting 

piece inserting portion together, no special tool o r special 

technique is required for an assembling operation t o a covering 

heating element, which thus enables quick assembly.  

 [0021] 

 In order to achieve the above object, a heating el ement 

cover of the present invention has a structure of a  pair of 

heating element cover components each including a h ollow outer 

shell portion of a required length, having required  rigidity 

and thermal conductivity, a substantially half-pipe  shaped 

abutting portion formed with a required thickness a t a required 

site of the outside of the outer shell portion in p arallel with 

a longitudinal direction of the outer shell portion , having 

flexibility and thermal conductivity, and with a sl it 

penetrating in a thickness direction formed over th e entire 
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length in parallel with the longitudinal direction,  a connecting 

portion having flexibility and thermal conductivity , 

connecting opposed edges of the abutting portion pa rallel to 

the longitudinal direction with the outer shell por tion, and 

an engaging portion constituted by engaging element s that are 

disposed at line-symmetrical positions using a long itudinal 

straight line located at a widthwise middle of the abutting 

portion as an axis of symmetry to form a pair struc tured to 

be engageable with each other, of which the engagin g elements 

mutually paired are engaged with each other in a ma nner joining 

the abutting portions together with the engaging el ements made 

face to face with each other. 

 [0022] 

 Here, the outer shell portion, as a result of havi ng 

required rigidity, secures strength to such an exte nt so as 

not to easily deform.  Moreover, the outer shell po rtion 

prevents a covering heating element from being defo rmed or 

damaged by an outside pressure or impact.  Also, th e outer shell 

portion, as a result of having thermal conductivity , can exchange 

heat with the covering heating element.  The surfac e area can 

thereby be made wider than when the heating element  is directly 

exposed for use, and heat dissipation and heat abso rption are 

improved to have an excellent heat exchange efficie ncy.  
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Further, because the outer shell portion is hollow,  the member 

weight is reduced to reduce a load to be applied to  the covering 

heating element. 

 [0023] 

 The abutting portion, as a result of having therma l 

conductivity, can exchange heat between a covering heating 

element and the outer shell portion by abutting aga inst the 

heating element.  Also, the abutting portion, as a result of 

being a substantially half-pipe shaped abutting por tion having 

flexibility and with a slit penetrating in a thickn ess direction 

formed over the entire length in parallel with the longitudinal 

direction, even if the covering heating element has  a thickness 

slightly larger than the abutting portions when san dwiching 

the heating element therebetween, can warp in a dir ection in 

which the slit expands in width to enclose the heat ing element 

in a manner not producing a gap between the heating  element 

and the abutting portions. 

 [0024] 

 As a result of the connecting portion having therm al 

conductivity and connecting the abutting portion an d the outer 

shell portion, heat transfers between the heating e lement and 

the outer shell portion via the abutting portion.  Further, 

the connecting portion, as a result of having flexi bility, warps 
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following an expanding motion of the abutting porti on, and 

assists the expanding motion of the abutting portio n according 

to the thickness of the heating element. 

 [0025] 

 The engaging portion, as a result of its engaging elements 

being constructed with the arrangement described ab ove, allows 

assembling a heating element cover by making mutual  joining 

portions face to face with another heating element cover 

component having the identical structure and engagi ng paired 

engaging elements. 

 [0026] 

 Moreover, by engaging the engaging elements mutual ly 

paired, of the respective heating element cover com ponents 

described above, with each other in a manner joinin g the abutting 

portions together with the engaging elements made f ace to face 

with each other, a heating element cover can be obt ained.  When 

the respective heating element cover components are  joined, 

because the opposed ends of the respective abutting  portions 

are also joined as a result of the respective engag ing elements 

being present at the line-symmetrical positions des cribed above, 

into the heating element cover thus obtained, the h eating element 

can be appropriately fitted. 

 [0027] 
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 Because the abutting portions and the heating elem ent 

are consequently closely fitted and the abutting po rtions have 

no gap produced with the heating element, the heati ng element 

cover is improved in thermal conductivity and heat exchange 

efficiency.  Further, the joined abutting portions are, even 

with their diameter being slightly smaller than tha t of the 

heating element, constructed so that the respective  abutting 

portions can be deformed by warping to be closely f itted, and 

can therefore be attached, because of the construct ion described 

above, even with some errors, although a high proce ssing accuracy 

has conventionally been required for closely fittin g the 

abutting portions and the heating element. 

 [0028] 

 Also, because this heating element cover has a pai r of 

constituting heating element cover components being  identical 

components, needless expense in component procureme nt can be 

eliminated to resultingly achieve a reduction in ma nufacturing 

costs. 

 [0029] 

 In order to achieve the above object, a radiant co oling 

and heating apparatus according to the present inve ntion 

includes a support frame, a heating element which i s disposed 

in an in-between region sandwiched by the support f rame or 
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surrounded by the support frame, inside of which a flowable 

heating medium can flow through, and which consists  of a 

plurality of tubular parts laid thereacross at an i nterval, 

and a heating element cover having a structure of a  pair of 

heating element cover components installed for each  of the 

tubular parts of the heating element, and each incl uding a hollow 

outer shell portion of a required length, having re quired 

rigidity and thermal conductivity, a substantially half-pipe 

shaped abutting portion formed with a required thic kness at 

a required site of the outside of the outer shell p ortion in 

parallel with a longitudinal direction of the outer  shell portion, 

having flexibility and thermal conductivity, and wi th a slit 

penetrating in a thickness direction formed over th e entire 

length in parallel with the longitudinal direction,  a connecting 

portion having flexibility and thermal conductivity , 

connecting opposed edges of the abutting portion pa rallel to 

the longitudinal direction with the outer shell por tion, and 

an engaging portion constituted by engaging element s that are 

disposed at line-symmetrical positions using a long itudinal 

straight line located at a widthwise middle of the abutting 

portion as an axis of symmetry to form a pair struc tured to 

be engageable with each other, of which the abuttin g portions 

are made mutually face to face with each other to s andwich each 
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tubular part of the heating element therebetween, a nd the 

engaging elements mutually paired are engaged with each other 

with the engaging elements made face to face with e ach other. 

 [0030] 

 Here, the support frame supports the heating eleme nt and 

the heating element cover at a required interval.  Also, the 

heating element, as a result of a flowable heating medium flowing 

through the inside thereof, transmits heat to the h eating element 

cover that is in contact with its tubular parts. 

 [0031] 

 The outer shell portion of the heating element cov er, 

as a result of having required rigidity, secures st rength to 

such an extent so as not to easily deform, and prev ents the 

heating element from being deformed or damaged by a n outside 

pressure or impact.  Also, the outer shell portion,  as a result 

of having thermal conductivity, can exchange heat b y, for example, 

radiating heat transmitted from the heating element  to the 

surroundings.  The surface area can thereby be made  wider than 

when the heating element is directly exposed for us e, and heat 

dissipation and heat absorption are improved to hav e an excellent 

heat exchange efficiency.  Further, because the out er shell 

portion is hollow, the member weight is reduced to reduce a 

load to be applied to the heating element and the s upport frame. 
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 [0032] 

 The abutting portion of the heating element cover,  as 

a result of having thermal conductivity, can exchan ge heat 

between an abutted heating element and the outer sh ell portion.  

Also, the abutting portion, as a result of being a substantially 

half-pipe shaped abutting portion having flexibilit y and with 

a slit penetrating in a thickness direction formed over the 

entire length in parallel with the longitudinal dir ection, even 

if the tubular part of the heating element has a th ickness 

slightly larger than the abutting portions when san dwiching 

the heating element therebetween, can warp in a dir ection in 

which the slit expands in width to enclose the heat ing element 

in a manner not producing a gap between the heating  element 

and the abutting portions. 

 [0033] 

 As a result of the connecting portion of the heati ng element 

cover having thermal conductivity and connecting th e abutting 

portion and the outer shell portion, heat transfers  between 

the heating element and the outer shell portion via  the abutting 

portion.  Further, the connecting portion, as a res ult of having 

flexibility, warps following an expanding motion of  the abutting 

portion, and assists the expanding motion of the ab utting portion 

according to the thickness of the heating element. 



 18  

 [0034] 

 The engaging portion of the heating element cover,  as 

a result of its engaging elements being constructed  with the 

arrangement described above, allows assembling a he ating 

element cover by making mutual joining portions fac e to face 

with another heating element cover component having  the 

identical structure and engaging paired engaging el ements. 

 [0035] 

 The radiant cooling and heating apparatus allows 

assembling a heating element cover by engaging the engaging 

elements mutually paired, of the respective heating  element 

cover components described above, with each other i n a manner 

joining the abutting portions together with the eng aging 

elements made face to face with each other.  When t he respective 

heating element cover components are joined, becaus e the opposed 

ends of the respective abutting portions are also j oined as 

a result of the respective engaging elements being present at 

the line-symmetrical positions described above, int o the 

heating element cover thus obtained, the heating el ement can 

be appropriately fitted. 

 [0036] 

 Because the abutting portions and the heating elem ent 

are consequently closely fitted and the abutting po rtions have 
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no gap produced with the heating element, the heati ng element 

cover is improved in thermal conductivity and heat exchange 

efficiency.  Further, the joined abutting portions are, even 

with their diameter being slightly smaller than tha t of the 

heating element, constructed so that the respective  abutting 

portions can be deformed by warping to be closely f itted, and 

can therefore be attached, because of the construct ion described 

above, even with some errors, although a high proce ssing accuracy 

has conventionally been required for closely fittin g the 

abutting portions and the heating element. 

 [0037] 

 Also, because this heating element cover has a pai r of 

constituting heating element cover components being  identical 

components, needless expense in component procureme nt can be 

eliminated to resultingly achieve a reduction in ma nufacturing 

costs. 

 [0038] 

 With the radiant cooling and heating apparatus, du ring 

operation, a person in the surrounding area never f eels an 

uncomfortable draft sensation, and air heated or co oled by the 

heating element cover directly warms or cools a spa ce in front 

thereof, and can efficiently warm and cool the inst allation 

space because convection occurs in the installation  space. 
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 [0039] 

 In order to achieve the above object, an air condi tioning 

system of the present invention includes a radiant cooling and 

heating apparatus including a support frame, a heat ing element 

which is disposed in an in-between region sandwiche d by the 

support frame or surrounded by the support frame, i nside of 

which a flowable heating medium can flow through, a nd which 

consists of a plurality of tubular parts laid there across at 

an interval, a heating element cover having a struc ture of a 

pair of heating element cover components installed for each 

of the tubular parts of the heating element, and ea ch including 

a hollow outer shell portion of a required length, having 

required rigidity and thermal conductivity, a subst antially 

half-pipe shaped abutting portion formed with a req uired 

thickness at a required site of the outside of the outer shell 

portion in parallel with a longitudinal direction o f the outer 

shell portion, having flexibility and thermal condu ctivity, 

and with a slit penetrating in a thickness directio n formed 

over the entire length in parallel with the longitu dinal 

direction, a connecting portion having flexibility and thermal 

conductivity, connecting opposed edges of the abutt ing portion 

parallel to the longitudinal direction with the out er shell 

portion, and an engaging portion constituted by eng aging 
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elements that are disposed at line-symmetrical posi tions using 

a longitudinal straight line located at a widthwise  middle of 

the abutting portion as an axis of symmetry to form  a pair 

structured to be engageable with each other, of whi ch the 

abutting portions are made mutually face to face wi th each other 

to sandwich each tubular part of the heating elemen t therebetween, 

and the engaging elements mutually paired are engag ed with each 

other with the engaging elements made face to face with each 

other and an air conditioner to be operated in comb ination with 

the radiant cooling and heating apparatus, includin g a 

refrigerant circuit in which a compressor, an expan sion valve, 

a flow path switching valve, an indoor side heat ex changer, 

and an outdoor side heat exchanger are connected by  piping to 

circulate a refrigerant to perform a refrigeration cycle, said 

radiant cooling and heating apparatus being incorpo rated in 

said refrigerant circuit, and supplying air that ha s undergone 

heat exchange with the refrigerant by the indoor si de heat 

exchanger to an indoor space by a fan. 

 [0040] 

 Here, the support frame of the radiant cooling and  heating 

apparatus supports the heating element and the heat ing element 

cover at a required interval.  Also, the heating el ement of 

the radiant cooling and heating apparatus, as a res ult of a 
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refrigerant supplied from the air conditioner flowi ng through 

the inside thereof, transmits heat to the heating e lement cover 

that is in contact with its tubular parts. 

 [0041] 

 The outer shell portion of the heating element cov er, 

as a result of having required rigidity, secures st rength to 

such an extent so as not to easily deform, and prev ents the 

heating element from being deformed or damaged by a n outside 

pressure or impact.  Also, the outer shell portion,  as a result 

of having thermal conductivity, can exchange heat b y, for example, 

radiating heat transmitted from the heating element  to the 

surroundings.  The surface area can thereby be made  wider than 

when the heating element is directly exposed for us e, and heat 

dissipation and heat absorption are improved to hav e an excellent 

heat exchange efficiency.  Further, because the out er shell 

portion is hollow, the member weight is reduced to reduce a 

load to be applied to the heating element and the s upport frame. 

 [0042] 

 The abutting portion of the heating element cover,  as 

a result of having thermal conductivity, can exchan ge heat 

between an abutted heating element and the outer sh ell portion.  

Also, the abutting portion, as a result of being a substantially 

half-pipe shaped abutting portion having flexibilit y and with 
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a slit penetrating in a thickness direction formed over the 

entire length in parallel with the longitudinal dir ection, even 

if the tubular part of the heating element has a th ickness 

slightly larger than the abutting portions when san dwiching 

the heating element therebetween, can warp in a dir ection in 

which the slit expands in width to enclose the heat ing element 

in a manner not producing a gap between the heating  element 

and the abutting portions. 

 [0043] 

 As a result of the connecting portion of the heati ng element 

cover having thermal conductivity and connecting th e abutting 

portion and the outer shell portion, heat transfers  between 

the heating element and the outer shell portion via  the abutting 

portion.  Further, the connecting portion, as a res ult of having 

flexibility, warps following an expanding motion of  the abutting 

portion, and assists the expanding motion of the ab utting portion 

according to the thickness of the heating element. 

 [0044] 

 The engaging portion of the heating element cover,  as 

a result of its engaging elements being constructed  with the 

arrangement described above, allows assembling a he ating 

element cover by making mutual joining portions fac e to face 

with another heating element cover component having  the 
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identical structure and engaging paired engaging el ements. 

 [0045] 

 The air conditioner, as a result of being one incl uding 

a refrigerant circuit in which a compressor, an exp ansion valve, 

a flow path switching valve, an indoor side heat ex changer, 

and an outdoor side heat exchanger are connected by  piping to 

circulate a refrigerant to perform a refrigeration cycle and 

supplying air that has undergone heat exchange with  the 

refrigerant by the indoor side heat exchanger to an  indoor space 

by a fan, can perform air conditioning of the inter ior of the 

installation space by forced convection due to blow n air. 

 [0046] 

 The radiant cooling and heating apparatus allows 

assembling a heating element cover by engaging the engaging 

elements mutually paired, of the respective heating  element 

cover components described above, with each other i n a manner 

joining the abutting portions together with the eng aging 

elements made face to face with each other.  When t he respective 

heating element cover components are joined, becaus e the opposed 

ends of the respective abutting portions are also j oined as 

a result of the respective engaging elements being present at 

the line-symmetrical positions described above, int o the 

heating element cover thus obtained, the heating el ement can 
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be appropriately fitted. 

 [0047] 

 Because the abutting portions and the heating elem ent 

are consequently closely fitted and the abutting po rtions have 

no gap produced with the heating element, the heati ng element 

cover is improved in thermal conductivity and heat exchange 

efficiency.  Further, the joined abutting portions are, even 

with their diameter being slightly smaller than tha t of the 

heating element, constructed so that the respective  abutting 

portions can be deformed by warping to be closely f itted, and 

can therefore be attached, because of the construct ion described 

above, even with some errors, although a high proce ssing accuracy 

has conventionally been required for closely fittin g the 

abutting portions and the heating element. 

 [0048] 

 Also, because this heating element cover has a pai r of 

constituting heating element cover components being  identical 

components, needless expense in component procureme nt can be 

eliminated to resultingly achieve a reduction in ma nufacturing 

costs. 

 [0049] 

 Additionally, because the radiant cooling and heat ing 

apparatus, as a result of being incorporated in the  refrigerant 



circuit of the air conditioner, is supplied with a refrigerant 

from the air conditioner side, equipment such as a compressor 

becomes no longer necessary for the radiant cooling and heating 

apparatus, and it also becomes possible to perform control 

coupled with the air conditioner. 

[0050] 

Further, with the radiant cooling and heating apparatus, 

during operation, a person in the surrounding area never feels 

an uncomfortable draft sensation, and air heated or cooled by 

the heating element cover directly warms or cools a space in 

front thereof, and can efficiently warm and cool the installation 

space because convection occurs in the interior of the 

installation space. 

[0051] 
The air conditioning system described above, by operating 

the radiant cooling and heating apparatus and the air conditioner 

in combination, enables approaching a target temperature in 

a short time by mainly operating the air conditioner at start-up, 

and thereafter by mainly operating the radiant cooling and 

heating apparatus, enables maintaining the temperature of the 

interior of the installation space, and the fan operating time 

of the indoor heat exchanger can be held short to perform air 

conditioning that does not provide an uncomfortable draft 

sensation to the 
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human body. 

 [0052] 

 Also, when the radiant cooling and heating apparat us and 

the air conditioner are simultaneously operated, ra diant heat 

from the radiant cooling and heating apparatus acts  directly 

on the body sensation of a person that is present i n the vicinity, 

while the air conditioner performs air conditioning  of the 

entirety, and therefore, the time until comfort is provided 

for the person in the surrounding area can be short ened than 

when either the air conditioner or the radiant cool ing and 

heating apparatus is operated alone.  Further, conv ecting the 

radiant heat from the radiant cooling and heating a pparatus 

and blown air from the fan allows quickly making th e temperature 

of the interior of the installation space uniform. 

[Effects of the Invention] 

 [0053] 

 The heating element cover component according to t he 

present invention can provide one for protecting a heating 

element of a radiant cooling and heating apparatus and having 

an excellent close-fitting property with a heating element 

disposed inside and excellent in thermal conductivi ty. 

 The heating element cover according to the present  

invention can provide one for protecting a heating element of 



a radiant cooling and heating apparatus and having an excellent 

close-fitting property with a heating element disposed inside 

and excellent in thermal conductivity. 

The radiant cooling and heating apparatus according to 

the present invention can provide one for protecting its heating 

element and having an excellent close-fitting property with 

a heating element disposed inside and excellent in thermal 

conductivity. 

The air conditioning system according to the present 

invention can provide one for protecting a heating element of 

a radiant cooling and heating apparatus incorporated in the 

air conditioning system and having an excellent close-fitting 

property with a heating element disposed inside and excellent 

in thermal conductivity. 

[Brief Description of the Drawings] 

[0054] 

[Fig. 1] Fig. 1 is a schematic explanatory view of an 

air conditioning system of the present invention. 

[Fig. 2] Fig. 2(a) is a front view of a radiant cooling 

and heating apparatus being a constituent of the air conditioning 

system shown in Fig. 1, and Fig. 2(b) is a sectional view taken 

along A-A of the radiant cooling and heating apparatus shown 

in Fig. 2(a). 
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 [Fig. 3] Fig. 3 is a perspective explanatory view of a 

pair of heating element cover components that const itute a 

heating element cover of the radiant cooling and he ating 

apparatus shown in Fig. 2. 

 [Fig. 4] Fig. 4 is a front view of the heating ele ment 

cover components shown in Fig. 3. 

 [Fig. 5] Fig. 5 shows a heating element cover befo re and 

after assembly using the heating element cover comp onents shown 

in Fig. 3 and shows the vicinity of a slit in an en larged manner, 

in which Fig. 5(a) is a front explanatory view befo re assembly, 

and Fig. 5(b) is a front explanatory view after ass embly. 

 [Fig. 6] Fig. 6 includes refrigerant circuit diagr ams 

of the air conditioning system shown in Fig. 1, in which Fig. 

6(a) is of during cooling, and Fig. 6(b) is of duri ng heating. 

 [Fig. 7] Fig. 7 shows modifications of the heating  element 

cover component of the present invention, in which Fig. 7(a) 

is a front explanatory view enlarged in part of a m odification 

in an abutting portion, and Fig. 7(b) is a front ex planatory 

view of a modification in an engaging portion. 

 [Fig. 8] Fig. 8 shows modifications of the heating  element 

cover component of the present invention, in which Fig. 8(c), 

Fig. 8(d), and Fig. 8(e) are all front explanatory views of 

modifications in an outer shell portion. 



[Fig. 9] Fig. 9 shows a modification of the radiant cooling 

and heating apparatus of the present invention across which 

heating element covers are laid longitudinally, in which Fig. 

9 (a) is a front view thereof, and Fig. 9 (b) is a sectional view 

taken along B-B thereof. 

[Fig . 10] Fig. lOisa perspective view showing a structure 

of a conventional heating element cover. 

[Modes for Carrying Out the Invention] 

[0055] 

Embodiments of the present invention will be described 

in greater detail with reference to Fig. 1 to Fig. 9. Inaddition, 

symbols in the respective figures are used within a range to 

reduce complication and facilitate understanding. In addition, 

a term "horizontal part" (of a heating element) to be described 

later is used with a meaning equal to the "tubular part" described 

earlier and a term "space" of (an outer shell portion) to be 

described later is used with a meaning equal to the "hollow 

region in the outer shell portion" described earlier. Further, 

a "joining portion" to be described later is used with a meaning 

collectively referring to a section made up of the "abutting 

portion, " the "connecting portion, " and the "engaging portion" 

described above. 

[0056] 

30 



 31  

 An air conditioning system A shown in Fig. 1 and F ig. 

6 includes a radiant cooling and heating apparatus 1a and an 

air conditioner 2 including an outdoor machine 21 a nd a 

convective indoor machine 22, and the respective po rtions will 

be described in the following. 

 [0057] 

 [Radiant cooling and heating apparatus 1a] 

 Fig. 2(a) and Fig. 2(b) are referred to.  The radi ant 

cooling and heating apparatus 1a has a support fram e 11, a heating 

element 12, heating element covers 13, a reflector 15, a water 

receiving portion 16, and a panel body 17. 

 [0058] 

 (Support frame 11) 

 The support frame 11 has support portions 110 prov ided 

to stand on an installation surface F (if indoors, a floor surface 

or the like) of the radiant cooling and heating app aratus 1a 

and disposed at an interval in the horizontal direc tion.  The 

respective support portions 110 store inside connec ting parts 

located at both ends of the heating element 12 to b e described 

later in a manner not visible from the outside (ref er to Fig. 

2(a)). 

 [0059] 

 (Heating element 12) 
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 The heating element 12 is a copper-made tubular bo dy 

through the inside of which a refrigerant can flow,  and is 

disposed in a region between the support portions 1 10 of the 

support frame 11.  The heating element 12 has a str ucture, in 

a manner connecting at both end sides, meandering i n an 

up-and-down direction so as to run as a whole along  an identical 

vertical plane, in which heating element covers 13 are 

respectively mounted on respective horizontal parts  arranged 

at regular intervals.  Connecting portions 181 and 182 are 

provided over and under the radiant cooling and hea ting apparatus 

1a, respectively, and these are connecting parts to  an inlet 

pipe or return pipe of a refrigerant that flows to or from the 

heating element 12. 

 [0060] 

 Each horizontal part of the heating element 12 is formed 

with an outer diameter of its cross-section that is  substantially 

the same as or slightly larger than an inner diamet er of a region 

being circular in cross-section constituted by an a butting 

portion 134a and an abutting portion 134b when heat ing element 

cover components 130a and 130b are fitted to each o ther.  In 

greater detail, the outer diameter of each horizont al part of 

the heating element 12 has a numerical value of 105  when the 

numerical value of the inner diameter of a circular  region 
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constituted by the abutting portion 134a and the ab utting portion 

134b is provided as 100. 

 [0061] 

 (Heating element cover 13) 

 Fig. 3, Fig. 4, and Fig. 5 are referred to.  The h eating 

element cover 13 covers the heating element 12, and  has a 

structure capable of dissipating to the outside hea t transmitted 

from the heating element 12.  The heating element c over 13 having 

a required length is constituted by a combination o f a pair 

of heating element cover components 130a and 130b h aving the 

same shape as each other.  The heating element cove r components 

130a and 130b when fitted together have an outer sh ape of a 

cross-section being a slightly flat substantially e lliptical 

shape (refer to Fig. 5(b)). 

 [0062] 

 The respective heating element covers 13 are attac hed 

to the support frame 11 in a manner such that long axis directions 

of their cross-sections are similarly downwardly in clined 

toward the reflector 15 (refer to Fig. 2(b)).  An i nclination 

angle when attaching the respective heating element  covers 13 

to the support frame 11 is 45° where the angle at w hich the 

long axis of an elliptical sectional shape of the h eating element 

cover 13 becomes horizontal is provided as 0°. 
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 [0063] 

 The heating element cover components 130a and 130b  are 

made of an aluminum alloy having required rigidity and thermal 

conductivity, and are manufactured by extrusion mol ding and 

cut at a required length to be used.  In addition, the heating 

element cover components 130a and 130b are the same  in structure 

as each other, and therefore, the heating element c over 

components 130a will be described by way of example  in the 

following. 

 [0064] 

 (Heating element cover component 130a) 

 The heating element cover component 130a has an ou ter 

shape of a cross-section being a slightly flat subs tantially 

semielliptical shape divided in a short diameter di rection as 

viewed in end elevation, and is made up of an outer  shell portion 

131a and a joining portion 133a.  An outer surface of the outer 

shell portion 131a and the joining portion 133a and  an inner 

surface of the outer shell portion 131a (inner wall  of a space 

132 to be described later) are applied with an alum ite 

processing. 

 [0065] 

 The outer shell portion 131a has a space 132 that continues 

longitudinally at the inner side.   Moreover, the o uter shell 
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portion 131a is applied across its entire outer sur face and 

an inner wall of the space 132 excluding the side o f a rear 

surface of the abutting portion 134a with knurling that forms 

longitudinally extending concavities and convexitie s.  The 

outer shell portion 131a is slightly thick-walled i n the vicinity 

of a projecting piece inserting portion 140a to be described 

later so as to have flexibility, but other parts ar e formed 

with a wall thickness that enables securing require d rigidity. 

 [0066] 

 The joining portion 133a is made up of the abuttin g portion 

134a provided with a slit 135a, connecting portions  136, and 

an engaging portion having a projecting piece 138a and a 

projecting piece inserting portion 140a that are en gaging 

elements. 

 [0067] 

 The abutting portion 134a has a substantially half -pipe 

shape, and is semicircular as viewed in end elevati on.  The 

abutting portion 134a is provided at a required sit e of the 

outside of the outer shell portion 131a in parallel  with the 

longitudinal direction, and its opposed edges paral lel to the 

longitudinal direction are connected with the outer  shell 

portion 131a by the connecting portions 136 formed with a wall 

thickness to have flexibility. 
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 [0068] 

 The abutting portion 134a has, at a middle portion  in 

its arc direction, a slit 135a that is provided pen etrating 

in its thickness direction over the entire length i n parallel 

with the longitudinal direction and that connects t o the space 

132.  The slit 135a is formed in a shape (substanti ally wedge 

shape in cross-section) that gradually narrows from  the side 

of the space 132 being its outer peripheral side to  the direction 

of an inner peripheral side of the abutting portion  134a.  

Moreover, the slit 135a is formed so as to appear w ith a width 

on the order of 0.5 mm to 1 mm at the side of an in ner peripheral 

surface of the abutting portion 134a (side to abut against the 

heating element 12). 

 [0069] 

 The projecting piece 138a and the projecting piece  

inserting portion 140a are disposed at line-symmetr ical 

positions using a longitudinal straight line locate d at a 

widthwise middle of the abutting portion 134a as an  axis of 

symmetry (point located at the center of the broken  line of 

Fig. 4), and form a pair structured to be engageabl e with each 

other. 

[0070] 

 The projecting piece 138a projects from one connec ting 



portion 136 to the side opposite to the outer shell portion 

131a, and is provided near its front end with a latching pawl 

139a. The projecting piece inserting portion 140a has an 

internal space of a size capable of receiving the projecting 

piece 138a, and is provided, on an inner wall of the internal 

space, with a latching pawl retaining portion 141a being a 

projection portion capable of latching the latching pawl. In 

addition, the latching pawl retaining portion 141a latches a 

latching pawl 139b of the heating element cover component 130b 

being a combination target. 

[0071] 

Although, in Fig. 4 etc., the respective portions of the 

heating element cover component 130b are the same in structure 

as those of the heating element cover component 130a and 

individual descriptions thereof will therefore be omitted, the 

outer shell portion 131b corresponds to the outer shell portion 

131a to have the same structure, and the joining portion 133b, 

to the joining portion 133a, and the abutting portion 134b, 

to the abutting portion 134a, and the slit 135b, to the slit 

135a, and the projecting piece 138b, to the projecting piece 

138a, and the latching pawl 139b, to the latching pawl 139a, 

and the projecting piece inserting portion 140b, to the 
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projecting piece inserting portion 140a, and the latching pawl 

retaining portion 141b, to the latching pawl retaining portion 

141a, respectively. 

[0072] 

(Reflector 15} 

The reflector 15 is formed of a heat insulating material, 

and has a reflecting surface 151 that is not permeable to water, 

and the reflecting surface 151 is disposed so as to be opposed 

at an interval to an end edge portion at a lower side in the 

long axis direction of the heating element cover 13. To a lower 

end of the reflector 15, a guide plate 152 bent at an obtuse 

angle to the side of the heating element cover 13 is attached. 

A front end of the guide plate 152 is structured to be located 

in the inside of the water receiving portion 16 to be described 

later. 

[0073] 

(Water receiving portion 16) 

The water receiving portion 16 is located below the 

lowermost one among the heating element covers 13 and under 

the reflector 15 (more specifically, under a guide plate 152 

attached to the reflector 15) , and is in a gutter shape opened 

at an upper part. 

[0074] 
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 (Panel body 17) 

 The panel body 17 is formed of a perforated metal,  and 

attached to below the front side of the radiant coo ling and 

heating apparatus 1a.  The panel body 17 provides a  covering 

for the water receiving portion 16, a piping portio n (not shown), 

etc., so as to serve as a screen when viewed from t he front 

direction.  Also, the panel body 17 is attached so that a 

clearance for ventilation is formed with the instal lation 

surface F. 

 [0075] 

 [Air conditioner 2] 

 As shown in Fig. 1, for the air conditioner 2, the  outdoor 

machine 21 and the general convective indoor machin e 22 connected 

therein are connected by refrigerant piping 23.  On  a pathway 

between the outdoor machine 21 and the convective i ndoor machine 

22, the radiant cooling and heating apparatus 1a is  

communicatively connected in series.  Accordingly, the radiant 

cooling and heating apparatus 1a and the convective  indoor 

machine 22 installed in a room or the like having a n air 

conditioning target space form a part of a refriger ant circuit, 

and a cooling operation or heating operation can be  performed 

in the air conditioning target space by circulating  a refrigerant 

in the refrigerant circuit. 
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 [0076] 

 As shown in Fig. 6, the outdoor machine 21 has a p ublicly 

known structure having a compressor 211, an outdoor  side heat 

exchanger 212, an expansion valve 213, and a four-w ay switching 

valve 214, and the convective indoor machine 22 has  a publicly 

known structure including an indoor side heat excha nger 221 

and a blowing fan (not shown).  This equipment cons titutes a 

so-called blow type air conditioner, and in the fol lowing, is 

sometimes collectively called simply an “air condit ioner” when 

describing actions. 

 [0077] 

 The indoor side heat exchanger 221 serves as a vap orizer 

during a cooling operation and as a condenser (radi ator) during 

a heating operation, performs heat exchange between  air supplied 

from the blowing fan or the like and the refrigeran t, and 

generates heating air or cooling air to be supplied  to the air 

conditioning target space.  The equipment described  above is 

connected via the refrigerant piping 23, and consti tutes a part 

of a refrigeration cycle (refrigerant circuit) of t he air 

conditioning system A. 

 [0078] 

 (Action) 

 Actions of the air conditioning system A will be d escribed 
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with reference to Fig. 1 to Fig. 6. 

 (Method for assembling heating element cover 13) 

 Fig. 5 is referred to.  As shown in Fig. 5(a), the  joining 

portions 133a and 133b of the heating element cover  components 

130a and 130b are made face to face, and the projec ting piece 

138a is located directly opposite the projecting pi ece inserting 

portion 140b and the projecting piece 138b is locat ed directly 

opposite the projecting piece inserting portion 140 a, and the 

heating element 12 is disposed in a manner sandwich ing between 

the abutting portions 134a and 134b.  At this time,  the slits 

135a and 135b have not yet been expanded. 

 [0079] 

 Then, as shown in Fig. 5(b), the heating element c over 

components 130a and 130b are fitted to each other.  At this 

time, because the outer shape of a cross-section of  the 

horizontal part of the heating element 12 has a dia meter slightly 

larger than the inner diameter of the circular regi on constituted 

by the abutting portions 134a and 134b, a force to be applied 

in the direction of P1 is generated when the heatin g element 

12 is fitted in the abutting portion 134a (134b) (a lthough a 

partially enlarged view of the abutting portion 134 b is omitted, 

the same action as in the partially enlarged view o f the abutting 

portion 134a occurs). 
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 [0080] 

 The abutting portion 134a (134b) warps due to the force 

applied in the direction of P1 and expands in the d irection 

of P2 and P3, and a force is also applied in the di rection of 

P4 to P7 to warp the connecting portions 136 and th e outer shell 

portion 131a (131b) in part, as well.  The heating element cover 

components 130a and 130b can thereby be attached to  the 

horizontal part of the heating element 12, and afte r the 

attachment, the heating element 12 and the heating element cover 

components 130a and 130b are closely fitted and kep t so as to 

be immovable. 

 [0081] 

 When the heating element cover components 130a and  130b 

are joined, because the opposed ends of the arc for ms 

(semicircular forms) of the abutting portions 134a and 134b 

are also joined as a result of the projecting piece  138a and 

the projecting piece inserting portion 140b and the  projecting 

piece 138b and the projecting piece inserting porti on 140a, 

which are respectively engaging elements, being pre sent at the 

aforementioned line-symmetrical positions, the heat ing element 

cover 13 thus attached can be appropriately fitted over the 

circular pipe-shaped heating element 12. 

 [0082] 



Also, because the slits 135a and 135b are formed in 

substantially wedge shapes in cross-section as described above, 

the abutting portions 134a and 134b are constructed to be 

partially thin only on the periphery of the slit without reducing 

the thickness thereof in whole, and the abutting portions 134a 

and 134b warp with the slit part as a start to become likely 

to expand in a direction in which each abutting portion swells. 

[0083] 

Because the abutting portions 134a and 134b and the heating 

element 12 are consequently closely fitted and the abutting 

portions 134a and 134b have no gap produced with the heating 

element 12, the thermal conductivity and heat exchange 

efficiency are improved. Further, the abutting portions 134a 

and 134b are, even with their diameter being slightly smaller 

than that of the heating element 12, constructed so that the 

respective abutting portions can be deformed by warping to be 

closely fitted, and can therefore be attached, because of the 

construction described above, even with some errors, although 

a high processing accuracy has conventionally been required 

for closely fitting the abutting portions and the heating 

element. 

[0084] 

An alumite film formed on the abutting portions 134a and 
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134b does not conduct electricity because of having  insulating 

properties, and prevents the occurrence of electrol ytic 

corrosion (galvanic corrosion) caused by a differen ce in 

material between the abutting portions and the heat ing element.  

In such a case of a combination of dissimilar metal s, it is 

preferable in view of preventing the occurrence of electrolytic 

corrosion that an anticorrosion film is formed on a t least the 

abutting portions 134a and 134b.  In addition, beca use 

electrolytic corrosion does not occur or is unlikel y to occur, 

for example, when the heating element is made of th e same aluminum 

alloy, it is also optionally possible not to perfor m an alumite 

processing or the like. 

 [0085] 

 According to the structure of this heating element  cover 

13, because the heating element cover components 13 0a (130b) 

being constituting components are identical, needle ss expense 

in component procurement can be eliminated to resul tingly 

achieve a reduction in manufacturing costs. 

 [0086] 

 Because the heating element cover 13 has the struc ture 

described above and is simply formed by only fittin g the heating 

element cover components 130a (130b) together, no s pecial tool 

or special technique is required for an assembling operation 



to the heating element 12, which thus enables quick assembly. 

[0087] 

{Action of radiant cooling and heating apparatus la) 

When a refrigerant flows into the radiant cooling and 

heating apparatus la from the side of the air conditioner 2, 

the refrigerant flows within the heating element 12. Then, 

heat of the refrigerant is conducted from the heating element 

12 to the abutting portions 134a and 134b, and subsequently, 

the heat is conducted to the outer shell portion 131a, 131b 

via the connecting portions 136. Further, radiant heat from 

the abutting portions 134a and 134b is also conducted to the 

outer shell portion 131a, 131b through the space 132. 

[0088] 

The heating element cover 13 thus radiates radiant heat 

to the outside. Of the radiant heat from the heating element 

cover 13, a portion generated from a side disposed on the front 

side of the radiant cooling and heating apparatus la is directly 

radiated to the front direction side of the radiant cooling 

and heating apparatus la, and a portion generated from a side 

disposed on the back side is reflected by the reflecting surface 

151 of the reflector 15, and radiated to the front direction 

side of the radiant cooling and heating apparatus la through 

clearance gaps between the respective heating element covers 
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13.  Also, because the attaching angle of the heati ng element 

cover 13 is 45°, a radiation flux generated from th e side to 

be a front side of the heating element cover 13 is likely to 

head for the front side of the radiant cooling and heating 

apparatus 1a and a front-side floor surface, and ca n directly 

provide either cool or warm radiant heat to a perso n present 

on the front side of the radiant cooling and heatin g apparatus 

1a. 

 [0089] 

 The heating element cover 13 prevents the heating element 

12 from being deformed or damaged by an outside pre ssure or 

impact.  Moreover, the heating element cover 13 mak es the 

surface area where radiant heat is generated wider than when 

the heating element 12 dissipates heat alone, and a lso improves 

the heat exchange efficiency.  Further, also when h eat is 

absorbed, the surface area is made wider than when the heating 

element 12 absorbs heat alone, and the heat exchang e efficiency 

is therefore improved.  In addition, the thermal co nduction 

pathway when absorbing heat is opposite (heading fo r the heating 

element from the outer shell portions) to that of t he heat 

dissipation described above. 

 [0090] 

 Also, as a result of the heating element cover 13 being 



attached in an inclined manner as described above, when dew 

condensation water is produced on the surface of the heating 

element cover 13 during a cooling operation, the dew condensation 

water flows down only to the side of the reflector  Then, 

the dew condensation water (not shown) adhered to the reflecting 

surface 151 runs down the plate surface to flow down onto the 

water receiving portion 16 located below. Further, the dew 

condensation water does not splatter onto the front side of 

the radiant cooling and heating apparatus la even if dripping 

onto the heating element cover 13 located at a lower height 

because the heating element cover 13 is inclined to the side 

of the reflector 15 as described above. 

[0091] 

Additionally, the water receiving portion 16 changes the 

direction of convection to guide cold air so as to flow to the 

front side of the radiant cooling and heating apparatus la to 

thereby prevent dew condensation from being produced on the 

installation surface F as a result of cold air that is convecting 

from an up to down direction during cooling directly contacting 

the installation surface F. 

[0092] 

During a cooling or heating operation, a mainstream of 

air to rise or fall along the reflecting surface 151 occurs, 
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and air passing through the clearance gaps of the r espective 

heating element covers 13 flows to join the mainstr eam of air 

or flows separately therefrom.  At this time of the  joint flow 

or separate flow, the respective inclined heating e lement covers 

13 guide air so as to easily flow to increase the f low speed 

of air passing through the clearance gaps.  Further , during 

heating, radiant heat generated by the part to be a t the front 

side of the respective heating element covers 13 wa rms the floor 

surface present in its radiation flux direction to enhance an 

upward convection effect of indoor air thereby caus ed. 

 [0093] 

 With the radiant cooling and heating apparatus 1a,  during 

operation, because the flow of air that is generate d in the 

space of an installation region is thus by natural convection 

due to a difference in temperature of the interior of the space 

not by blown air due to forced convection as in a c onventional 

air conditioner, a person in the surrounding area n ever feels 

an uncomfortable draft sensation, and air heated or  cooled by 

the heating element cover 13 directly warms or cool s a space 

in front of the radiant cooling and heating apparat us 1a, and 

can efficiently warm and cool the installation spac e because 

convection occurs in the installation space.  Also,  the radiant 

cooling and heating apparatus 1a can prevent staini ng the 
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periphery of an installation site with produced dew  condensation 

water. 

 [0094] 

 (Action of radiant cooling and heating apparatus 1 a and 

air conditioner 2 combined) 

 The air conditioning system A makes use of the adv antages 

of each of the radiant cooling and heating apparatu s and air 

conditioner (the air conditioner being able to make  the interior 

of the space quickly reach a target temperature by forced 

convection, the radiant cooling and heating apparat us not 

providing a draft sensation to the user) to complem ent their 

respective disadvantages (the air conditioner provi ding a draft 

sensation to the user, the radiant cooling and heat ing apparatus 

taking a long time to make the interior of the spac e reach a 

target temperature).  In addition, as shown in Fig.  6(a) and 

Fig. 6(b), when switching cooling and heating, the air 

conditioning system A performs operation by reversi ng the 

refrigerant flowing direction. 

 [0095] 

 The air conditioning system A, for example, by mai nly 

operating the air conditioner 2 at first, enables a pproaching 

a target temperature in a short time, and thereafte r by mainly 

operating the radiant cooling and heating apparatus  1a, enables 
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maintaining the temperature of the interior of the space.  The 

fan operating time of the convective indoor machine  22 can 

thereby be held short to enable air conditioning th at does not 

provide an uncomfortable draft sensation to the hum an body. 

 [0096] 

 Also, when the radiant cooling and heating apparat us 1a 

and the air conditioner 2 are simultaneously operat ed, radiant 

heat from the radiant cooling and heating apparatus  1a acts 

directly on the body sensation of a person that is present in 

the nearby surrounding area, while the air conditio ner 2 performs 

air conditioning of the entirety, and therefore, th e time until 

comfort is provided for the person in the surroundi ng area can 

become shorter than when either the air conditioner  2 or the 

radiant cooling and heating apparatus 1a is operate d alone.  

Further, convecting the radiant heat from the radia nt cooling 

and heating apparatus 1a and blown air from the air  conditioner 

2 allows realizing a uniform temperature of the int erior of 

the space in a short time. 

 [0097] 

 Hereinafter, some modifications of the heating ele ment 

cover components will be raised and described. 

 [Modification 1] 

 The heating element cover component 130f shown in Fig. 
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7(a) is a modification in the slit of the heating e lement cover 

component.  A slit 135f of the heating element cove r component 

130f is formed in a shape that is straight with a c onstant width 

from the side of the space 132 to the direction of an inner 

peripheral side of an abutting portion 134f. 

 [0098] 

 In addition, it is preferable that the slit width is 

narrower because the contact area with the heating element 12 

is reduced if the slit width is wider.  However, wh en the slit 

has a narrow width, because a large load is applied  to a slit 

forming part of an extrusion molding die and said p art is narrow 

and weak in strength, the die may be damaged. 

 [0099] 

 Therefore, molding may first be performed with a s lightly 

wide slit width as in the heating cover component 1 30f, and 

by pressuring the heating cover component 130f in a  manner 

flattening in the short diameter direction, the sli t 135f may 

be narrowed in width.  The slit 135f after being na rrowed in 

width can expand to a moderate width according to t he size of 

the heating element 12, which can prevent the conta ct area with 

the heating element 12 from being excessively reduc ed by 

excessive widening of the slit width. 

 [0100] 
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 [Modification 2] 

 The heating element cover component 130g shown in Fig. 

7(b) is a modification in the engaging elements of the engaging 

portion.  The engaging elements of the engaging por tion 137g 

are constituted of a guide piece 191 projecting in a hook shape 

and a guide groove 192 in a shape that allows stori ng the guide 

piece 191 by sliding from its end face direction.  The guide 

piece 191 and the guide groove 192 are disposed at 

line-symmetrical positions using a longitudinal str aight line 

located at a widthwise middle of an abutting portio n 134g as 

an axis of symmetry, and form a pair structured to be engageable 

with each other. 

 [0101] 

 In addition, except the point that one heating ele ment 

cover component 130g is attached to the other heati ng element 

cover component 130g while being slid from its end portion side 

for constituting a heating element cover, the heati ng element 

cover component 130g is substantially the same in c onstruction 

and action of other parts as the heating element co ver component 

130a (130b) in the foregoing, and description there of will 

therefore be omitted. 

 [0102] 

 [Modification 3, modification 4, modification 5] 
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 Fig. 8 is referred to.  Fig. 8(c) shows modificati on 3, 

Fig. 8(d) shows modification 4, Fig. 8(e) shows mod ification 

5, and these are modifications in the outer shell p ortions of 

the heating element cover component.  The heating e lement cover 

component 130c shown in modification 3 of Fig. 8(c)  has an outer 

shape of a cross-section being a substantially tria ngular shape.  

The heating element cover component 130d shown in m odification 

4 of Fig. 8(d) has an outer shape of a cross-sectio n being a 

substantially quadrilateral shape.  The heating ele ment cover 

component 130e shown in modification 5 of Fig. 8(e)  has an outer 

shape of a cross-section being a substantially semi circular 

shape.  In addition, the heating element cover comp onents 130c, 

130d, and 130e are substantially the same in constr uction and 

action of other parts as the heating element cover component 

130a (130b) in the foregoing, and description there of will 

therefore be omitted. 

 [0103] 

 [Modification 6] 

 The radiant cooling and heating apparatus 1b shown  in 

Fig. 9 is a modification where the direction in whi ch the heating 

element and heating element covers are disposed is the vertical 

direction.  As shown in Fig. 9(b), the respective h eating 

element covers 13b enclosing the heating element 12 b are disposed 
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in inverted-V shape (or zigzag) configurations such  that with 

mutually adjacent heating element covers 13b, the o uter surfaces 

are not opposed to each other and mutual influence by radiant 

heat is thereby avoided, and the heat exchange effi ciency can 

be improved in regard to this point as well.  In ad dition, the 

radiant cooling and heating apparatus 1b is substan tially the 

same in construction and action of other parts as t hose of the 

radiant cooling and heating apparatus 1a in the for egoing, and 

description thereof will therefore be omitted. 

 [0104] 

 In the present embodiment, the radiant cooling and  heating 

apparatus 1a includes the reflector 15, but is not limited 

thereto, and for example, the reflector 15 may be e liminated 

to make the radiant cooling and heating apparatus 1 a emit radiant 

heat to both the front side and back side. 

 [0105] 

 In the present embodiment, the engaging elements o f the 

engaging portion consist of the projecting piece ha ving a 

latching pawl and a projecting piece inserting port ion having 

a latching pawl retaining portion, but other public ly known 

engaging structures may be adopted.  Also, the enga ging 

elements may be provided into a separable mechanism , and in 

that case, the heating element cover can be disasse mbled to 



improve maintenance properties of cleaning and parts 

replacement. 

[0106] 

In the present embodiment, the air conditioning system 

A is constituted by one outdoor machine 21, one convective indoor 

machine 22, and one radiant cooling and heating apparatus la, 

but the number of each of the machines/apparatuses is not limited 

to the number shown in the figures. 

[0107] 

In the present embodiment, the slit 135a is formed in 

a shape (substantially wedge shape in cross-section) that 

gradually narrows from the side of the space 132 being its outer 

peripheral side to the direction of an inner peripheral side 

of the abutting portion 134a, but is not limited thereto, and 

for example, it may be straight as in modification 1 described 

above. In addition, the slit may also be formed by 

post-processing such as cutting after forming a heating element 

cover component without a slit (which is the same as the heating 

element cover component 130a in parts other than the slit) . 

[0108] 

In the present embodiment, the heating element cover 

component 130a, 130b has an outer shape of a cross-section being 

a slightly flat substantially semielliptical shape, but 
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is not limited thereto, and for example, it may be appropriately 

set into various shapes as in modification 3, modif ication 4, 

and modification 5 described above. 

 [0109] 

 In the present embodiment, the direction in which the 

heating element 12 and the heating element covers 1 3 are disposed 

is the horizontal direction, but is not limited the reto, and 

for example, it may be the vertical direction as in  modification 

6 described above, and can be appropriately changed  to various 

directions. 

 [0110] 

 In the present embodiment, the heating element 12 is a 

meandering pipe as described above, but is not limi ted thereto, 

and for example, it may be a ladder-shaped heating element having 

a pair of tubular bodies extending in the up-and-do wn direction 

and a plurality of tubular heat generating portions  laid so 

as to flow liquid between the tubular bodies.  Also , the 

connecting portion 181 and the connecting portion 1 82 of the 

heating element 12 are provided in the positions de scribed above, 

but are not limited thereto, and the positions and numbers 

thereof can be appropriately set. 

 [0111] 

 In the present embodiment, the inclination angle w hen 



attaching the heating element cover 13 to the support frame 

11 is 4 50, but is not limited thereto, and for example, it suffices 

to be in a range of 1° to 89°. Further, the inclination angle 

of the heating element cover 13 described above is preferably 

in a range of 35° to 70°, because, if in the same inclination 

angle range, as to be described later, a radiation flux generated 

from the side to be a lower surface side of the heating element 

cover 13 is likely to head for a front-side floor surface from 

the front side of the radiant cooling and heating apparatus la. 

[0112] 

In the present embodiment, the heating element cover 

component 130a, 130b is applied at its inner and outer surfaces 

with knurling and an alumite processing, but is not limited 

thereto, and for example, one type or a combination of a plurality 

of types of processing or coating selected from among other 

types of coating including heat dissipation coating, far 

infrared ray emission coating, and coating having a deodorizing 

function, an antibacterial function, or a volatile organic 

compound adsorption-decomposition function can be applied to 

provide various functions for the heating element cover. Also, 

such processing does not eliminate being applied only to either 

of the inner and outer surfaces described above. 

[0113] 
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In greater detail, by applying a heat dissipation coating, 

the heating element cover is improved in heat dissipation, and 

if a far infrared ray emission coating is applied to the heating 

element cover, the far infrared rays emitted therefrom, together 

with the radiant heat, cause indoor temperature adjustment to 

be performed efficiently. Further, by applying a coating 

having a deodorizing function, an antibacterial function, or 

a volatile organic compound adsorption-decomposition function 

to the heating element cover, the maintenance of the radiant 

cooling and heating apparatus is made simpler and comfortable 

use can be realized by these functions. 

[0114] 

Further, theremaybe such a form that, of the outer surface 

(outer shell portion 131a, 131b) of the heating element cover 

13, to a region facing the side of the reflector 15, a processing 

such as a water-repelling processing or a guide groove with 

which dew condensation water is likely to flow down is applied, 

and a processing to enhance a heat dissipation effect such as 

knurling is applied to a region facing the side to be the front 

of the radiant cooling and heating apparatus la. In this case, 

dew condensation water produced on that heating element cover 

13 or dew condensation water that has dripped from the heating 

element cover 13 located at an upper height is likely to flow 
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down to the side of the reflector 15, and is unlike ly to head 

for the side to be the front of the radiant cooling  and heating 

apparatus 1a.  In addition, a measure against dew c ondensation 

water by applying a hydrophilization processing suc h as blasting 

to a surface of the region facing the side of the r eflector 

15 is also not excluded.  On the other hand, if knu rling etc., 

is applied to the side, of the outer surface of the  heating 

element cover 13, to be the front of the radiant co oling and 

heating apparatus 1a, the efficiency of heat dissip ation to 

a person or space located on the front side is exce llent. 

 [0115] 

 In the present embodiment, the abutting portion 13 4a, 

134b is semicircular as viewed in end elevation, bu t is not 

limited thereto, and for example, if the heating el ement is 

a triangular or quadrilateral angular pipe, it may be such an 

angular shape so as to be able to sandwich the same . 

 [0116] 

 In the present embodiment, the panel body 17 is at tached 

to below the front side of the front of the radiant  cooling 

and heating apparatus 1a, but is not limited theret o, and there 

may be a form in which the panel body is attached t o above the 

front side of the radiant cooling and heating appar atus 1a when 

a piping portion (not shown) or the like is provide d in an upper 
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portion. 

 [0117] 

 In the present embodiment, a refrigerant is used a s a 

flowable heating medium, but the flowable heating m edium is 

not limited thereto, and examples thereof include w arm (hot) 

water, steam, cold water, liquid phase refrigerants , gas-liquid 

two phase refrigerants, and gas phase refrigerants of 

hydrochlorofluorocarbon, hydrofluorocarbon, etc., b ut the 

flowable heating medium is not limited thereto, and  other 

publicly known flowable heating media may be adopte d.  In 

addition, when the flowable heating medium is warm water or 

cold water, handling is easier than when it is oil or a chemical, 

and there is less environmental burden at disposal.  

 [0118] 

 In the present embodiment, the radiant cooling and  heating 

apparatus 1a uses, as the flowable heating medium, a refrigerant 

that is in common with the refrigerant circuit of t he air 

conditioner 2, but the radiant cooling and heating apparatus 

1a and the air conditioner 2 may respectively use e xclusive 

refrigerants, and the radiant cooling and heating a pparatus 

1a and the air conditioner 2 may respectively use d ifferent 

flowable heating media. 

 [0119] 
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 In the present embodiment, the numerical value of the 

outer diameter of each horizontal part of the heati ng element 

12 is provided so as to become 105 when the numeric al value 

of the inner diameter of a circular region constitu ted by the 

abutting portion 134a and the abutting portion 134b  is provided 

as 100, but it is not limited thereto, and for exam ple, the 

numerical value of the outer diameter of each horiz ontal part 

of the heating element 12 is preferably in a range of 100 to 

112.  This is because a gap is produced between the  heating 

element 12 and the abutting portions 134a and 134b if the 

numerical value of the outer diameter of each horiz ontal part 

of the heating element 12 is 100 or less, and if th e numerical 

value is 112 or more, it is highly likely that the heating element 

cover 13 excessively swells in the short diameter d irection 

to be deformed so as to open at an outer peripheral  part where 

the heating element cover components 130a and 130b are in contact 

or to deform the heating element 12. 

 [0120] 

 In addition, it is indeed possible in the present 

embodiment to attach the heating element cover 13 b y using a 

heat transfer member such as a heat radiation greas e as is 

conventionally done even when the numerical value o f the outer 

diameter of each horizontal part of the heating ele ment 12 is 



99 or less when the numerical value of the inner diameter of 

a circular region constituted by the abutting portion 134a and 

the abutting portion 134b is provided as 100, but for the reason 

described above, it is preferable that the inner diameter of 

a circular region constituted by the respective abutting 

portions is the same as or slightly larger than the outer diameter 

of each horizontal part of the heating element. 

[0121] 

In the present embodiment, when the abutting portion 134a 

etc., expands in the direction in which the same swells, the 

connecting portions 136 (particularly, the connecting portion 

136 on the side where the projecting piece inserting portion 

140a is formed) is also deformed by warping (refer to P4 to 

P7 in Fig. 5 (b) for the direction of deformation) , and the warping 

deformation occurs, for example, about where the outer shell 

portion 131a etc., and the connecting portion 136 connect and/or 

about a middle (refer to Fig. 4) of the outer periphery of the 

outer shell portion 131a etc., in some cases. 

[0122] 

In the present specification and claims, the term 

"radiant" may be replaced by "radiation." 

[0123] 

Note that the terms and expressions used in the present 
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specification and claims are merely descriptive, an d not 

restrictive by any means, and not intended to exclu de terms 

and expressions equivalent to the features and port ions thereof 

described in the present specification and claims.  Also, as 

a matter of course, various modifications are possi ble within 

the scope of the technical ideas of the present inv ention. 

[Description of Symbols] 

 [0124] 

A: air conditioning system, F: installation surface , 

1a, 1b: radiant cooling and heating apparatus, 11: support frame, 

110: support portion, 12, 12b: heating element, 13,  13b: heating 

element cover, 130a, 130b, 130c, 130d, 130e, 130f, 130g: heating 

element cover component, 131a, 131b, 131c, 131d, 13 1e: outer 

shell portion, 132: space, 133a, 133b, 133g: joinin g portion, 

 134a, 134b, 134f, 134g: abutting portion, 135a, 13 5b, 

135f: slit, 136: connecting portion, 138a, 138b: pr ojecting 

piece, 139a, 139b: latching pawl, 140a, 140b: proje cting piece 

inserting portion, 141a, 141b: latching pawl retain ing portion, 

15: reflector, 151: reflecting surface, 152: guide plate, 16: 

water receiving portion, 17: panel body, 181, 182: connecting 

portion, 191: guide piece, 192: guide groove, 

2: air conditioner, 21: outdoor machine, 211: compr essor, 212: 

outdoor side heat exchanger, 213: expansion valve, 214: four-way 
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switching valve, 22: convective indoor machine, 221 : indoor 

side heat exchanger, 23: refrigerant piping, 

9: heating element cover, 90: flow pipe, 91a, 91b: shell member, 

92a, 92b: abutting portion, 93a, 93b: projecting pi ece portion, 

94a, 94b: recess portion 
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CLAIMS 

 

1. A heating element cover component comprising: 

 a hollow outer shell portion of a required length, having 

required rigidity and thermal conductivity; 

 a substantially half-pipe shaped abutting portion formed 

with a required thickness at a required site of the outside 

of the outer shell portion in parallel with a longitudinal 

direction of the outer shell portion, having flexibility and 

thermal conductivity, and with a slit penetrating in a thickness 

direction formed over the entire length in parallel with the 

longitudinal direction; 

 a connecting portion having flexibility and thermal 

conductivity, connecting opposed edges of the abutting portion 

parallel to the longitudinal direction with the outer shell 

portion; and 

 an engaging portion constituted by engaging elements that 

are disposed at line-symmetrical positions using a longitudinal 

straight line located at a widthwise middle of the abutting 

portion as an axis of symmetry to form a pair structured to 

be engageable with each other; wherein the slit is formed in 

a shape that gradually narrows from a side of a hollow region 

in the outer shell body to a direction of an outer surface of 
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the abutting portion. 

 

2. The heating element cover component according to claim 

1, wherein the outer shell portion, the abutting portion, the 

connecting portion, and the engaging portion are made of aluminum 

or made of an aluminum alloy, and an alumite processing is applied 

to an outer surface of the outer shell portion, the abutting 

portion, the connecting portion, and the engaging portion and 

an inner surface of the outer shell portion. 

 

3. The heating element cover component according to claim 

1, wherein one of the engaging elements is a projecting piece 

that projects in a direction opposite to the outer shell portion 

and is formed with a latching pawl, and the other of the engaging 

elements is a projecting piece inserting portion that is set 

to a size capable of receiving the projecting piece and is capable 

of latching the latching pawl. 

 

4. A heating element cover having a structure of a pair of 

heating element cover components according to claim 1, of which 

the engaging elements mutually paired are engaged with each 

other in a manner joining the abutting portions together with 

the engaging elements made face to face with each other. 
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5. A radiant cooling and heating apparatus comprising: 

 a support frame; 

 a heating element which is disposed in an in-between region 

sandwiched by the support frame or surrounded by the support 

frame, inside of which a flowable heating medium can flow through, 

and which consists of a plurality of tubular parts laid 

thereacross at an interval; and 

 a heating element cover having a structure of a pair of 

heating element cover components according to claim 1 installed 

for each of the tubular parts of the heating element, of which 

the abutting portions are made mutually face to face with each 

other to sandwich each tubular part of the heating element 

therebetween, and the engaging elements mutually paired are 

engaged with each other with the engaging elements made face 

to face with each other. 

 

6. An air conditioning system comprising: 

 a radiant cooling and heating apparatus according to claim 

5; and 

 an air conditioner to be operated in combination with 

the radiant cooling and heating apparatus, including a 

refrigerant circuit in which a compressor, an expansion valve, 



68 

a flow path switching valve, an indoor side heat exchanger, 

and an outdoor side heat exchanger are connected by piping to 

circulate a refrigerant to perform a refrigeration cycle, said 

radiant cooling and heating apparatus being incorporated in 

said refrigerant circuit, and supplying air that has undergone 

heat exchange with the refrigerant by the indoor side heat 

exchanger to an indoor space by a fan. 


